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Abstract—Safety, river environment, and sediment utilizata
the elements of the target of sediment managerAsrd.change in an
element by sediment management, may affect the btleelements,
and the priority among three elements dependsakelsolders. It is
necessary to develop a method to evaluate theteffesediment
management on each element and an integrated gwalozethod for
socio-economic effect. In this study, taking MoMsgrapi basin as an
investigation field, the method for an active vaiicabasin was
developed. An integrated evaluation method forrsedi management
was discussed from a socio-economic point on saéstyironment,
and sediment utilization and a case study of seaimanagement was
evaluated by means of this method. To evaluateffieet of sediment
management, some parameters on safety, utilizatiwhenvironment
have been introduced. From a utilization point dgéwy job
opportunity, additional income of local people, aaxiincome to local
government were used to evaluate the effectiverméssediment
management. The risk degree of river infrastructwes used to
describe the effect of sediment management on aetysapect. To
evaluate the effects of sediment management orrcemaent, the
mean diameter of grain size distribution of rivettseirface was used.
On the coordinate system designating these eletbetslirection of
change in basin condition by sediment managemenbegredicted,
so that the most preferable sediment managemeritecdecided. The
results indicate that the cases of sediment marageiend to give the
negative impacts on sediment utilization. Howetbgse sediment
managements will give positive impacts on safetgt anvironment
condition. Evaluation result from a social-economimint of view
shows that the case study of sediment managementes 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

HE meaning of sediment management is generally t

human intervention to control sediment dischargeety,
river environment, and sediment utilization are ¢f@mments of
the target of sediment management. The priorityrapthree

elements depends on stakehold&sdiment management is

called a good management, if the result of thevigtwill go

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

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

Furthermore, changes in environment, safety, aitidaiton
elements by a sediment management policy will causeange
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 atteron
bed variation, bed material changes, and turbiditpm the
safety point of view, sediment is managed in orndesecure
people and assets from sediment disasters, riverbed
stabilization, riverbank protection, and sedimeatatontrol in
a reservoir. On the other hand, people also usi&nset as
resources such as construction material, agrieliamnd, and
sand for beach.

A. Sediment Management Frameworks

Regarding sediment problem, there are three optmifece
the sediment disaster. Kelman and Math&r have developed
the option frameworks. The first option against fegliment
disasters is to do nothing. It means no sedimentgementlf
no sediment management, disaster will occur anel gégative
impact for social, economical, and environmentpkass in the
area where the disaster happérse second option is to protect
a society from the sediment disasters by sediméadstr
mitigation. To reduce the negative impacts of the excess
sediment discharge, commonly, sabo dams are ugedteect a
society and assets in downstream from sedimenstdisa The
dams can capture almost all transported sedimewnn fr
upstream and the sediment is deposited on theiragms side,
finally, riverbed degradation takes place in doweetn area.
The second option will give positive impacts for

ocio-economic condition, but it still causes nagatmpacts

for environment. The last option is live with disasters.
Livelihoods are integrated with sediment threatsd an
opportunities with considering sustainability of/g@onment.

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 S""ﬂim%rupts every 3 years with a major eruption evempears. Its

eruptions have produced large amounts of volcamiteral as

to be developed.A change in an element by sedimentgy, a5 Java, and pyroclastic flows. Mount Méraps been

management will affect the other two elements.
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producing a huge amount of sediment. Produced sedim
deposited on the slopes of Mount Merapi and p#diysported
by water flow to the downstream areas through tieitaries
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 Mekapirisk of river structures. For a bridge structurbe trisk is
typical phenomenon of pyroclastic flow of Mount Mer is a discussed from the three parameters, nafgfthe risk of the
pyroclastic flow accompanied by glowing cloud. Inott foundation function)P, (the risk of the pier function) anié;
Merapi area, debris flow starts on the upper slogtgveen the (the risk of the bridge function). The value ofeieed variation
elevations of 1,000 and 2,000 m. Debris flows hasquently (42) is negative if bed degradation occurs and pasiiivbed
happened just after eruptions because pyroclastis pile up a aggradation takes placB;, P, andP; are calculated by the
huge quantity of loose sediments and ashes inveebasin of following equations:

the volcano. The total number of the recorded ddlmws from P =Az/ Hf (1)
1931 to 1996 is more than 500 times [2]. P,=-Az/Hp (2)
C. Sediment Resources P;=—(H,, +Az)/Hp (3)

On the other hand, the sediment is important ressufor whereH,, is the water deptitl, is the pier lengthH;is the
local people. The sediment in Mout Merapi has gqadlity foundation depth. Critical condition is achievedhié values of
and is popular as construction material, so thapfgeuse it as a P3, P, andP;, are equal to -1. P, P, andP; are greater than -1,
resource through sand mining activities. The sariding it shows that the bridge is in a safe conditiof?,lis equal to -1,
activities have given some advantages for rurallpeople and it means that the foundation tends to collapse wueiver

local governments. Ban of sand mining damagesdbaamic degradationP, is equal to -1, it means that piers are completely

condition of both local people and local governreent buried by sediment; consequently the pier fundgan a crucial

The sand mining activities in the area have becesrg condition. Water will flow over the bridge, H; is equal to -1.
active because of the following reasons. Firsthilgh price of Risk degree of the structure can be calculatedgusire
the sand is so attractive. The cost of transporaif sand from following equations.

the mountain to Semarang city is 15,000 rupiahAwtdle its RP, =-P, x100% (4)
sales price is 100,000 rupiah/m3. Second, the ssrsecurity RP, = -P, x100% (5)
provided by the sabo facilities has encouraged leeopuse the RP, = —P, x100% (6)

land and other resources as well as the deposited is this
area. Sand mining activities can provide additioim@glome
during the off-season of agriculture. Third, poyernd
unemployment have forced local people to get inedln sand
mining activity as individual miners or laborers fa private
sand mining company.

If RP,, RP, andRP; > 0, it indicates the level of risk degree of
the bridge structure. NeverthelessRi;, RP,, andRP; < 0, it
means the structure is in a safe condition.

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

Objectives ,Of sediment .management in Mount ,Merarfﬁtake has problem on serving to agriculture laadduse water
generally consist of three main components, naseijrolling cannot enter to the irrigation channeRifis equal to -1. In this

Z?fnd tm|fn|ng(;j,. r|vertbed stablllzatl(on and .the dlsama?ig;tloql. paper, the risk degree of each of the parametebearbtained
ect of sediment management on socio-economiedsfill i, oo ation as follows.

be evaluated based on these three main componedts a
environment aspect.
P, =40z/H, (8)

A. Sand Mining (.:ontrol _ whereHyis the height from the riverbed to the crest ofreied
Effect of sediment management on socio-economigndH,, is the water depth above the crest of channel.riBhe

conditions are evaluated by changes in job oppitytun degree of an irrigation intake is calculated usirgequations as
additional income of inhabitants, sand mining tdxlacal follows.

Ill. A METHOD FOR EVALUATING OF SEDIMENT
MANAGEMENT

P, =-Az/H, (7)

governments, infrastructure development and so Iorthis RP, =—P, x100% (9)

paper, changes in job opportunity and sand mirargte used RP. = —P. x100% (10)

to evaluate the effect of sediment management isnagpect. ° °

Effect of sand mining control on socio-economic dréded C.Volcanic Disaster Mitigation

into 3 parts, namely: a) Effect on local people,Bifect on Effect of sediment management on socio-economy Giso

distributor/company and c) Effect on local governme be evaluated using the benefit associated with stiisa
B. Riverbed Sabilization mitigation. Although, the method how to calculdte benefits

directly is difficult. The sand mining managemeahde used
as a part of the volcanic disaster mitigation agtadebris flow,
so that the cost of sabo facilities can be save@inpving sand
from river channels and increasing the capacitysediment
reservoirs. Moreover, controlling the excess sedtrdescharge

The severe riverbed degradation has taken platte ilower
Progo River, resulting in instability of the pubiidrastructure,
as bridges and irrigation intakesEffect of sediment
management on river structures is calculated hiynathg the
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by sand mining management can reduce the damaged:ay
debris flows. It is another benefit from controffisand mining
activity.

D.Environment Aspects

Sediment size is the one of the most importanofact affect
on habitats for fauna and flor&he influence of sediment
management on environmental change is measureuhinge of
the riverbed material. The riverbed material chaisgedicated
by change in the average diameter of the riverbatdrial.

IV. THE CASESOF SEDIMENT MANAGEMENT

The sediment management shown in Table 1 will leel as
case studies of sediment management that to beateelfrom
socio-economic and environment aspects. The simolas

The number of sand miner was estimated at 21,022
persons/day, and the produced sand mining volunseabaut
25,683 niday. If the workable day is assumed 20 days/month,
the annual sand mining volume is estimated at 6B
m’lyear. It means one sand miner produces 1.%day If all
sediment production flows down into lower areahsas in the
Case 1, it means that sand mining should be prekitiotally.
Assuming the number of sand miner in every dayorsstants,
this condition in the Case 1 will cause the log®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 milliapiah/day.
The total loss of daily income for every case obpgwsed
sediment management is shown in Table 2. In the<2a and

carried out using the averaged geometric and h¥idrau3a, the loss of job opportunity for local people small

characteristic values of the lower reach of thegpmiver.The
calculation length is 30 km. Normal water depthsed for the

compared with the other cases. Loss of job oppdyta both
cases each year is 16,104 people. The total ladailyfincome

downstream boundary conditionShe water discharge is the of inhabitants is about 392 million rupiah/day. Tihes of job

annual average discharge (83%4sy] the river width is the
average river width (200 m); the initial slope i8@L5, and the
bed material is treated as non-uniform sedimertt e mean
diameter of 1 mm.

In Case 1, the bed variation was simulated undéurala
conditions, i.e., without management or sand minifige
sediment management by sand mining activity wasidened
in Case 2. In Case 2a, the volume of sand minedheasame as
the annual average of sediment production volum€&dse 2b,
the volume of sand mined was 50% of the annualaaesnf
sediment production volume. The variation in theerbed was
simulated considering the installation of channebrks
(groundsills) and sand mining in Case 3. The hedfh¢ach
groundsill was 2.7 m, and the longitudinal interbetween
groundsills was 9 km. In Cases 3a and 3b, 100958 of the
annual average of sediment production volume wasedji
respectively.

TABLE |
SCENARIOS OF PROPOSED SEDIMENT MANAGEMENT

Sand mining volumes

Cases Sediment Control Structure

(mPlyear)
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 oppdtguand
additional income of inhabitants. The data preskentsy
Directorate General of Water Resources, DGWR [&,used
as the initial data for analysis.

opportunity in the Cases 2b and 3b every year jS6@eople
and the total loss of daily income of inhabitastestimated at
452 million rupiah/day. From Tablg , it indicates that the sand
mining activity in Mount Merapi is important for d¢al people
from socio-economic aspect. If the government afohresia
plans to regulate sand mining activity, the mogidontant one is
how to provide an alternative job for them.

TABLE Il
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 1l 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 392
Case 3 720,00( 2,45¢ 60 452

Sand mining control influence not only for locabpée/sand
miner, but also for transportation company/distiilolof sand.
Generally, workers of one truck with volume of 48 consist
of driver and co-driver. If the current situatioisand 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 activityunes 2,850
trucks with 5,700 workers. Therefore, if the sanihing
management will be applied, it will reduce the nembf the
transportation workers. For example, the sedimentagement
in the Case 1 will cause the loss of job opporiufor 5,700
workers/day. The number of the loss of the job ommity for
driver/co-driver and truck for case studies presetiii Chapter
3 is shown in Table 3. If we assumed that dailyome for
driver/ co-driver is 75,000 rupiah, the lost of gutial 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 understthad the
sand mining in Mount Merapi tends to be active.

TABLE Il
TOTAL LOSS OF DAILY INCOME OF DRIVERCO-DRIVER
Sand Total income T otal loss
- Total number income of
mining of worker
Cases of worker - worker
volume (person/day) (million (million
3 }
(m*/year) rupiah/day) rupiah/day
Initial 6,163,921  5,70( 427.F -
Case 1 0 0 0 427.5
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 govenhicen
be evaluated by tax income. By year 1999, the sainihg 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 xfinaome is
estimated at 1,014 million rupiah/year. In the Ga&e 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®@bL5
million rupiah/year.

B. Safety Aspects

The sediment management gives impacts in the ugear
and lower area. In the Case 1, the riverbed albeglawer
Progo River can be stabilized by sediment supmiynfMount
Merapi. However, due to no groundsill installatiarthe lower
Progo River, the riverbed degradation cannot bevesbl
immediately. Therefore, the sediment managemeheiCase 1
has not given the positive impact on socio-econowiic
inhabitants in the both districts. In the Casesagd 2b, the
riverbed degradation occurred in the lower ProgeRiso that
the both managements will cause the current simatf
riverbed degradation to be worse. From the intexegeople in
the lower Progo, it is necessary to overcome thkerbed
degradation in the area soon, so that the stalilitynain
infrastructure can be maintained. Hence, the grsilind
installation is one method to stabilize and agannstrbed
degradation in the lower Progo. Therefore, the medt
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 aigéenefit
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 amijation
water intakes are important.

The effect of sediment management on river facility

structures will be investigated at 2 points, nanaI$0 km, and
2 km from the downstream boundary end. The twar fizeility

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; ahé osk
degree of the parameters P1, P2, and P3 at pokmha@stream
from downstream boundary end, respectively. Froaffiture,
it indicates that the values of all parametersgaeater than -1.
It describes that no case gives unsafe conditiorthd bridge
structure. However, the Cases 2a, 2b, and 3a eeqttiention
because of the risk of the foundation function setwdincrease
as shown in Figure 2. The risks of the pier andd®ifunctions
have a tendency to enlarge in the Cases 1 and Qbevér,
changes in both parameters are not so fast. Thdasim
conditions to the point 30 km also take place mpbint 2, as
shown in Figures 3 and 4. However, the Case 3b gawe
smallest impact on a bridge structure than theratases.

The risk of sedimentation (P4) and water intakefiam (P5)
at point 30 km upstream from downstream boundad; ae
shown in Figure 5. Figure 5 shows the value of patar P4 for
the Case 1 is greater than -1. It means that iinwsd
management is conducted as the Case 1, the sedtinanh
the irrigation channel will take place. Figure Sakhows that
the Cases 2a, 2b, 3a, and 3b have problems indter wtake
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 2g/dae to the
sediment supply from the upper area.

——Case 1 —&—Case 2b

Case 3a

—#—Case 2a
—*—Case 3b

Year

—&—Case 2a —&—Case 2b

—%—Case 3b

Year

—=—Case 2a —&—Case 2b

—%—Case 3b

Year

Fig. 1 Effect of sediment management on the paensétl, P2, and
P3; at 30 km from downstream boundary end
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0 N
S T T In a 10-year period, the risk degree of sedimemafior the
Case 1 is estimated at 400%, as shown in Figur&hé.
T sedimentation problem is also found for the CaseaBhough
s the risk degree of the sedimentation in the Casés 3int so
Vear severe compared with the Case 1. Meanwhile, thedegrees
Fig. 3 Effect of sediment management on the paemmétl, P2, and Of the water intake function for the Cases 2a,a2ldl 3a tend to
P3; at 2 km from downstream boundary end increase. Hence, the Case 3b is the most reasavfa®#diment
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management from this point of view. Figure 7 sholea the
sedimentation in the irrigation channel takes placie Cases
1, 3a, and 3b. In the Cases 3a and 3b, the rivarpgchdation is
caused by the groundsill installation, so that thesrbed
elevation at this point increases. Meanwhile, thesrbed
aggradation in the Case 1 is due to sediment supmhy the
upper area. Figure 7 also describes that watelotamter to the
irrigation channel due to degradation problemsn Cases 2a
and 2b. However, the risk degrees of both parametsrd to
decrease when the locations are near downstreantdnuend,
because degradation or aggradation in a downstresth
channel is smaller than in an upper downstreanhrebannel,
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 atltserved
locations. At the 30 km upstream from the downsirea
boundary end, change of the riverbed material énGhse 1 is
not so big, the mean diameter changes from 1 n2mon, due
to the impact of sediment supply from upstreanthénCases 2a
and 3a, the mean diameter of riverbed material gbsfrom 1
mm to 7 mm. It indicates that an armor layer hanidermed at
this point.
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Fig. 9 The riverbed material changes at the obsdoa@ations
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In the Case 2b, the mean diameter of riverbed mahter
changes fast during the half-first year from 1 nan225 mm,
then the mean diameter does not change in thexfolipyears.
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 @&mdoes
not change in the following years. The result sholet the
sediment supply from the upstream can be used ittairathe
quality of riverbed material. Without the sedimsmnpply, the
riverbed material tends to be coarser.

At the point 2 km, the mean diameters of riverbedarial in
most cases are not change significantly, excepeiCase 2a. In
the Case 2a, the riverbed material tends to besepdue to no
sediment supply from the upstream. In the Casehgafiner
sediment will be deposited at this point due to dffflect of
installed groundsill, so that the mean diametéhiatpoint to be
finer than that at the other points. However, treamdiameter
in the Case 3a tends to increase.

VI. CONCLUSION

Local people have large opportunity to get jobaagiaminers
and local governments get an additional tax, if gnesent
sediment management is maintained. However, thamsed
management will give serious negative impacts airenment
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 decreadeneans that the cases
of sediment management tend to give the negatip@adis on
sediment utilization. Therefore, it is necessaryntke another
policy for creating job opportunity for inhabitaritssupport the
cases of sediment managememiowever, the sediment
management will give positive impacts on two eletegmamely
safety and environment.
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