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Sediment Management

Jazaul Ikhsan, Masaharu Fujita

Abstract—Safety, river environment, and sediment utilizatéoe
the elements of the target of sediment managerAsrd.change in an
element by sediment management, may affect the ttlveelements,
and the priority among three elements dependsaikelsblders. It is
necessary to develop a method to evaluate theteffesediment
management on each element and an integrated g@alozethod for
socio-economic effect. In this study, taking Moigrapi basin as an
investigation field, the method for an active valicabasin was
developed. An integrated evaluation method forrmedt management
was discussed from a socio-economic point on saéstyironment,
and sediment utilization and a case study of sedimanagement was
evaluated by means of this method. To evaluateffieet of sediment
management, some parameters on safety, utilizaiwhenvironment
have been introduced. From a utilization point déw job
opportunity, additional income of local people, aaxiincome to local
government were used to evaluate the effectiveréssediment
management. The risk degree of river infrastructwes used to
describe the effect of sediment management onetysaépect. To
evaluate the effects of sediment management orrcemaent, the
mean diameter of grain size distribution of rivettsairface was used.
On the coordinate system designating these elentéetslirection of
change in basin condition by sediment managemenbearedicted,
so that the most preferable sediment managemeritecdecided. The
results indicate that the cases of sediment managfetend to give the
negative impacts on sediment utilization. Howetkese sediment
managements will give positive impacts on safetgt anvironment
condition. Evaluation result from a social-econorpmint of view
shows that the case study of sediment managementas job
opportunity and additional income for inhabitants well as tax
income for government. Therefore, it is necessarynake another
policy for creating job opportunity for inhabitants support these
sediment managements.
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|. INTRODUCTION

Furthermore, changes in environment, safety, aitidaiion
elements by a sediment management policy will caus®ange
in a socio-economic conditionThis research takes Mount
Merapi basin as a selected case study.

Il. SEDIMENT PROBLEMSIN MOUNT MERAPI, INDONESIA

Regarding the environment target, people give ttteron
bed variation, bed material changes, and turbiditpm the
safety point of view, sediment is managed in orgesecure
people and assets from sediment disasters, riverbed
stabilization, riverbank protection, and sedimeaatatontrol in
a reservoir. On the other hand, people also usinset as
resources such as construction material, agrieiltamd, and
sand for beach.

A. Sediment Management Frameworks

Regarding sediment problem, there are three optmfece
the sediment disaster. Kelman and Math&lr have developed
the option frameworks. The first option against fesliment
disasters is to do nothing. It means no sedimenagementlf
no sediment management, disaster will occur anel gégative
impact for social, economical, and environmentpkass in the
area where the disaster happértse second option is to protect
a society from the sediment disasters by sedimé#stir
mitigation. To reduce the negative impacts of the excess
sediment discharge, commonly, sabo dams are uggdtect a
society and assets in downstream from sedimenstdisa The
dams can capture almost all transported sedimewin fr
upstream and the sediment is deposited on thefragms side,
finally, riverbed degradation takes place in dowestn area.
The second option will give positive impacts for

THE meaning of sediment management is generally trRocio-economic condition, but it still causes nagatmpacts

human intervention to control sediment dischargeets,
river environment, and sediment utilization are ¢fements of
the target of sediment management. The priorityragrtbree

elements depends on stakehold&ediment management is

called a good management, if the result of theviagtwill go

toward to expected target€onversely, if the result goes to

opposite direction of the target, the sediment mangent is not
a good management. In this paper,
management with considering among three targetgtempted

for environment. The last option is live with disasters.
Livelihoods are integrated with sediment threatsd an
opportunities with considering sustainability ofrgonment.

B. Sediment Disastersin Mount Merapi, Indonesia

Mount Merapi located in Yogyakarta, Indonesia is ofithe
most active volcanoes in Indonesia. It has erugtedmes in
the last 200 years including 15 major eruptionsgdnerally

integrated  sedime s every 3 years with a major eruption evemears. Its

eruptions have produced large amounts of volcawiterial as

to be developed.A change in an element by sedimentg, tos, ava, and pyroclastic flows. Mount Meraas been

management will affect the other two elements.
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producing a huge amount of sediment. Produced ssdim
deposited on the slopes of Mount Merapi and pamiysported
by water flow to the downstream areas through tibeitaries
that originate in the volcano. The deposited sedirhas been
causing many sediment disasters, and threatenimgl lo
residents. Pyroclastic flows and debris flows weappened
very often on the slopes of Mount Merapi. The plastic flows
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have caused tremendous damages around Mount Meapirisk of river structures. For a bridge structurke trisk is

typical phenomenon of pyroclastic flow of Mount Mgr is a
pyroclastic flow accompanied by glowing cloud. Inotht

Merapi area, debris flow starts on the upper slogteveen the
elevations of 1,000 and 2,000 m. Debris flows hagguently
happened just after eruptions because pyroclastis file up a
huge quantity of loose sediments and ashes invbelasin of
the volcano. The total number of the recorded ddtmvs from

1931 to 1996 is more than 500 times [2].

C. Sediment Resources

On the other hand, the sediment is important ressufor
local people. The sediment in Mout Merapi has gqadlity
and is popular as construction material, so thapfgeuse it as a
resource through sand mining activities. The sariding
activities have given some advantages for rurallpeople and
local governments. Ban of sand mining damages ¢baamic
condition of both local people and local governreent

The sand mining activities in the area have becopry
active because of the following reasons. Firsthilgé price of
the sand is so attractive. The cost of transportaif sand from
the mountain to Semarang city is 15,000 rupiahAwtdle its
sales price is 100,000 rupiah/m3. Second, the s&rsecurity
provided by the sabo facilities has encouraged legop.ise the
land and other resources as well as the depositedi is this
area. Sand mining activities can provide additioimglome
during the off-season of agriculture. Third, poyernd
unemployment have forced local people to get inedlin sand
mining activity as individual miners or laborers fa private
sand mining company.

I1l. A METHOD FOREVALUATING OF SEDIMENT
MANAGEMENT

Objectives of sediment management in Mount Mera
generally consist of three main components, naayrolling
sand mining, riverbed stabilization and the disastitigation.
Effect of sediment management on socio-economiecsgill
be evaluated based on these three main componedts
environment aspect.

A. Sand Mining Control

discussed from the three parameters, namgfthe risk of the
foundation function)pP, (the risk of the pier function) aniés;
(the risk of the bridge function). The value ofeitsed variation
(42) is negative if bed degradation occurs and pasitivbed
aggradation takes placBy, P, andP;are calculated by the
following equations:

P =Az/ Hf (2)

P, =-Az/Hp (2)

P, =—(H, +Az)/ Hp (3)

whereHy is the water depthH, is the pier lengthH;is the
foundation depth. Critical condition is achievedhié values of
P,, P, andPs, are equal to -1. P,, P, andPzare greater than -1,
it shows that the bridge is in a safe conditiof®,lfs equal to -1,
it means that the foundation tends to collapse tueiver

degradationP, is equal to -1, it means that piers are completely

buried by sediment; consequently the pier fundsan a crucial
condition. Water will flow over the bridge, H; is equal to -1.
Risk degree of the structure can be calculatedgusie
following equations.

RP, =-P, x100% (4)

RP, = -P, x100% (5)

RP; = —P; x100% (6)
If RP,, RP, andRP; > 0, it indicates the level of risk degree of
the bridge structure. NeverthelessRF;, RP,, andRP; < 0, it
means the structure is in a safe condition.

To calculate the risk degree of an irrigation itz set of the
following equations is proposed. For an irrigatiortake
structure, the risk is discussed from the two patans, namely
P, (the risk of sedimentation) ari} (the risk of water intake
function). If P4 is equal to -1, it indicates that sedimentation
starts to take place in the irrigation channel. Tingation

Rhtake has problem on serving to agriculture laadduse water

cannot enter to the irrigation channeRifis equal to -1. In this
paper, the risk degree of each of the parametebeabtained
using equation as follows.
a P, =-Az/H, (7)
P, =Az/H, (8)

whereH,is the height from the riverbed to the crest ofrote

Effect of sediment management on socio-economigndH, is the water depth above the crest of channel.riBke

conditions are evaluated by changes in job oppiytun
additional income of inhabitants, sand mining tdxlaxral
governments, infrastructure development and so Ionthis
paper, changes in job opportunity and sand miramgate used
to evaluate the effect of sediment management isnapect.
Effect of sand mining control on socio-economic dréded
into 3 parts, namely: a) Effect on local people,Hffect on
distributor/company and c) Effect on local governine

B. Riverbed Sabilization

The severe riverbed degradation has taken plaite ilower
Progo River, resulting in instability of the pubiidrastructure,
as bridges and irrigation intakesEffect of sediment
management on river structures is calculated bynashg the
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degree of an irrigation intake is calculated usirggequations as
follows.
RP, = —P, x100% (9)
RP;, = -R; x100% (20)

C.Volcanic Disaster Mitigation

Effect of sediment management on socio-economy Giso
be evaluated using the benefit associated with stiisa
mitigation. Although, the method how to calculdte benefits
directly is difficult. The sand mining managemeahde used
as a part of the volcanic disaster mitigation agfaiiebris flow,
so that the cost of sabo facilities can be saveginpving sand
from river channels and increasing the capacitsediment
reservoirs. Moreover, controlling the excess sedirdecharge
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by sand mining management can reduce the damageday
debris flows. It is another benefit from controfisand mining
activity.

The number of sand miner was estimated at 21,022
persons/day, and the produced sand mining volunseabaut
25,683 ni/day. If the workable day is assumed 20 days/month,
the annual sand mining volume is estimated at GIPEB
m’/year. It means one sand miner produces 1.2daw If all
sediment production flows down into lower areasas in the
Case 1, it means that sand mining should be pitekitiotally.
Assuming the number of sand miner in every dayisstants,
this condition in the Case 1 will cause the los@bfopportunity
for inhabitant to be estimated at about 21,022 qrexfyear.
According to Aisyah [1], the price of sand in Mouvierapi
basin is about 20,000 rupiahinit means the total loss of daily
income of inhabitants is approximately 512 milliupiah/day.
case studies of sediment management that to beagedlfrom The total loss of daily income for every case obgwsed
socio-economic and environment aspects. The siionlas  sediment management is shown in Table 2. In the<2a and
carried out using the averaged geometric and hjidrau3a, the loss of job opportunity for local people ssall
characteristic values of the lower reach of thegBrRiver.The  compared with the other cases. Loss of job oppitytah both
calculation length is 30 km. Normal water deptiised for the cases each year is 16,104 people. The total lagailgfincome
downstream boundary condition§he water discharge is the of inhabitants is about 392 million rupiah/day. Tibes of job
annual average discharge (83%s)) the river width is the opportunity in the Cases 2b and 3b every year jS6people
average river width (200 m); the initial slope i8@15, and the and the total loss of daily income of inhabitastestimated at
bed material is treated as non-uniform sedimerit #ie mean 452 million rupiah/day. From Tabl2, it indicates that the sand

D.Environment Aspects

Sediment size is the one of the most importanbfact affect
on habitats for fauna and flora&he influence of sediment
management on environmental change is measurdthinge of
the riverbed material. The riverbed material chasgedicated
by change in the average diameter of the riverbatnal.

IV. THE CASESOF SEDIMENT MANAGEMENT
The sediment management shown in Table 1 will leel @s
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diameter of 1 mm.

In Case 1, the bed variation was simulated undéusraia
conditions, i.e., without management or sand minifge
sediment management by sand mining activity wasidened
in Case 2. In Case 2a, the volume of sand minedhveasame as
the annual average of sediment production volum€ase 2b,
the volume of sand mined was 50% of the annualagesof
sediment production volume. The variation in therbed was
simulated considering the installation of channebrks
(groundsills) and sand mining in Case 3. The heafhtach
groundsill was 2.7 m, and the longitudinal interbatween
groundsills was 9 km. In Cases 3a and 3b, 1009 @f@of the
annual average of sediment production volume wasedji
respectively.

TABLE |
SCENARIOS OF PROPOSED SEDIMENT MANAGEMENT

Sand mining volumes

Cases Sediment Control Structure (m3/year)
1 No No
2.a No 1.44x16
2.b No 0.72x16
3.a Groundsills 1.44x16
3.b Groundsills 0.72x16

V.RESULTAND DISCUSSION

A. Socio-Economical Aspects

Effect of sand mining control on socio-economiclatal
people will be evaluated by changes in job oppadttuand
additional income of inhabitants. The data presentsy
Directorate General of Water Resources, DGWR [@&],sed
as the initial data for analysis.
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mining activity in Mount Merapi is important for ¢al people
from socio-economic aspect. If the government afohresia
plans to regulate sand mining activity, the mogtamant one is
how to provide an alternative job for them.

TABLE |l
TOTAL LOSS OF DAILY INCOME OF INHABITANTS
Total loss
Total income income of
- Total number
Sand mining of local local
of sand
Cases volume : people people
3 miner o i
(m°/year) (person/day) (million (million
P Y rupiah/day) rupiah/
day’
Initial 6,163,920 21,022 512 -
Case 1 0 0 0 512
Case 2a 1,440,000 4,918 120 392
Case 2b 720,000 2,459 60 452
Case 3 1,440,001 4,91¢ 12C 39z
Case 3 720,00( 2,45¢ 60 452

575

Sand mining control influence not only for locabpée/sand
miner, but also for transportation company/distidiof sand.
Generally, workers of one truck with volume of 4 consist
of driver and co-driver. If the current situatioihsand mining is
maintained, it needs about 5,700 unit trucks a day
transporting sand. Here, we assumed that one tartkervices
2 times a day, so that the sand mining activityuies 2,850
trucks with 5,700 workers. Therefore, if the sandhing
management will be applied, it will reduce the nembf the
transportation workers. For example, the sedimemagement
in the Case 1 will cause the loss of job opporjufor 5,700
workers/day. The number of the loss of the job oty for
driver/co-driver and truck for case studies preseiimt Chapter
3 is shown in Table 3. If we assumed that dailyoine for
driver/ co-driver is 75,000 rupiah, the lost of@atial income in
the Case 1 is 427.5 million rupiah.
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From this result, we can conclude that sand mirialps
economy profitable. Therefore, it can be understtiad the
sand mining in Mount Merapi tends to be active.

TABLE llI
TOTAL LOSS OF DAILY INCOME OF DRIVERCO-DRIVER
Sand Total income T otal loss
e Total number income of
mining of worker
Cases of worker I worker
volume (person/day) (million (million
3 ;
(m*/year) rupiah/day) rupiah/day
Initial 6,163,921  5,70(C 427.F -
Case 1l 0 0 0 4275
Case 2a 1,440,000 1333 99,9 327.6
Case 2b 720,000 666 49,95 377.55
Case 3a 1,440,000 1333 99,9 327.6
Case 3b 720,000 666 49,95 3775

The effect of sediment management on local govenhcen
be evaluated by tax income. By year 1999, the sainthg tax
income of the local governments in the surroundihgunt
Merapi basin is about 1,014 million rupiah. If wesame that
the relationship between the sand mining tax amd saining
volume is linear, the lost of tax income of locavgrnment is
described as follows. In the Case 1, the loss fneome is
estimated at 1,014 million rupiah/year. In the Gaga and 3a,
the loss of tax income is about 777.1 million rigy@ar. For
the Cases 2b and 3b, the loss of tax income ista@hL5
million rupiah/year.

B. Safety Aspects

The sediment management gives impacts in the uger
and lower area. In the Case 1, the riverbed albtegldwer
Progo River can be stabilized by sediment supmynfMount
Merapi. However, due to no groundsill installatiarthe lower
Progo River, the riverbed degradation cannot bevesbl
immediately. Therefore, the sediment managemehtiCase 1
has not given the positive impact on socio-econowiic
inhabitants in the both districts. In the Casesafid 2b, the
riverbed degradation occurred in the lower ProgeRiso that
the both managements will cause the current sitmatf
riverbed degradation to be worse. From the intexegeople in
the lower Progo, it is necessary to overcome therbied
degradation in the area soon, so that the stalilitynain
infrastructure can be maintained. Hence, the grsilind
installation is one method to stabilize and agamatrbed
degradation in the lower Progo. Therefore, the rsedt
management using groundsills, such as the Casasdab, is
most reasonable to solve current situation of tiverbed
degradation in the lower Progo. Moreover, benefgogiated
with riverbed stabilization in the downstream aig@enefit
associated with bridge protection. However, someginthe
benefit is difficult to be quantified exactly. Thenefits consist
of lost cost by detour due to bridge collapse andt dor
reconstruction. Hence, the stability of bridges amidation
water intakes are important.

The effect of sediment management on river facility

structures will be investigated at 2 points, nanalg0 km, and
2 km from the downstream boundary end. The twar fizellity
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structures, namely bridge and water irrigationketare used as
case studiesFigures 1 and 2 show the effect of sediment
management on the parameters P1, P2, and P3; ahe dsk
degree of the parameters P1, P2, and P3 at pokmha(stream
from downstream boundary end, respectively. Froenfidure,

it indicates that the values of all parametersggeater than -1.
It describes that no case gives unsafe conditiortkd bridge
structure. However, the Cases 2a, 2b, and 3a eeqttiention
because of the risk of the foundation function setawdincrease
as shown in Figure 2. The risks of the pier andd®ifunctions
have a tendency to enlarge in the Cases 1 and Ghevér,
changes in both parameters are not so fast. Thdasim
conditions to the point 30 km also take place & point 2, as
shown in Figures 3 and 4. However, the Case 3b gawe
smallest impact on a bridge structure than therathses.

The risk of sedimentation (P4) and water intakefiom (P5)
at point 30 km upstream from downstream boundad e
shown in Figure 5. Figure 5 shows the value of patar P4 for
the Case 1 is greater than -1. It means that ifnsad
management is conducted as the Case 1, the sedtimann
the irrigation channel will take place. Figure Sakhows that
the Cases 2a, 2b, 3a, and 3b have problems indter mtake
function. Under this condition, the value of paréeneP5 is
greater than -1. However, the problem in the watéake
function for the Case 3b can be solved after 2sydae to the
sediment supply from the upper area.
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Fig. 1 Effect of sediment management on the paremsétl, P2, and
P3; at 30 km from downstream boundary end
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Fig. 5 Effect of sediment management on the paremm&4 and P5; at
30 km from downstream boundary end

In a 10-year period, the risk degree of sedimemtafdr the
Case 1 is estimated at 400%, as shown in Figur&@hé.
sedimentation problem is also found for the Caseahough
the risk degree of the sedimentation in the Casés 3t so
severe compared with the Case 1. Meanwhile, thedegrees
of the water intake function for the Cases 2a,a?i, 3a tend to
increase. Hence, the Case 3b is the most reasavfegediment
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management from this point of view. Figure 7 shohat the
sedimentation in the irrigation channel takes piacine Cases 350 | Case3a —%—Case3b ~  ——-—------
1, 3a, and 3b. In the Cases 3a and 3b, the riverpgchdation is ol I
caused by the groundsill installation, so that thesrbed
elevation at this point increases. Meanwhile, theerbed
aggradation in the Case 1 is due to sediment supphy the
upper area. Figure 7 also describes that wateiotamber to the
irrigation channel due to degradation problemsia €Cases 2a
and 2b. However, the risk degrees of both parametsd to
decrease when the locations are near downstreanalbguend,
because degradation or aggradation in a downstreach
channel is smaller than in an upper downstreamhrehannel,
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as shown in Figure 8.
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Fig. 8 Effect of sediment management on risk degfélee parameters
P4 and P5; at 2 km from downstream boundary end

C.Environmental Aspects

Figure 9 shows the riverbed material changes atltlserved
locations. At the 30 km upstream from the downsirea
boundary end, change of the riverbed material énGhase 1 is
not so big, the mean diameter changes from 1 n2Zmtm, due
to the impact of sediment supply from upstreanthinCases 2a
and 3a, the mean diameter of riverbed material gémfrom 1
mm to 7 mm. It indicates that an armor layer haanldermed at
this point.

Fig. 6 Effect of sediment management on risk degfélee parameters
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Fig. 7 Effect of sediment management on the paens&4 and P5; at
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In the Case 2b, the mean diameter of riverbed imhter
changes fast during the half-first year from 1 nan225 mm,
then the mean diameter does not change in thexfioldpyears.
As a similar condition to the Case 2b, the meamdiar of
riverbed in the Case 3b material also changesdiashg the
first year from 1 mm to 2.22 mm, then the mean digmdoes
not change in the following years. The result shoe the
sediment supply from the upstream can be used itataiathe
quality of riverbed material. Without the sedimsnpply, the
riverbed material tends to be coarser.

At the point 2 km, the mean diameters of riverbedaral in
most cases are not change significantly, excepeiilCase 2a. In
the Case 2a, the riverbed material tends to beseodue to no
sediment supply from the upstream. In the Casehegafiner
sediment will be deposited at this point due to dffect of
installed groundsill, so that the mean diametéhiatpoint to be
finer than that at the other points. However, tleamdiameter
in the Case 3a tends to increase.

VI. CONCLUSION

Local people have large opportunity to get jobaa®laminers
and local governments get an additional tax, if fnesent
sediment management is maintained. However, thamset
management will give serious negative impacts afrenment
and safety aspects. To overcome the environmentsafedy
problems, some cases of sediment management gresech
As a result, job opportunities for local people adtlitional
revenue for local government decreatemeans that the cases
of sediment management tend to give the negatip&adts on
sediment utilization. Therefore, it is necessarynke another
policy for creating job opportunity for inhabitantssupport the
cases of sediment managemeriowever, the sediment
management will give positive impacts on two eleteemamely
safety and environment.
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