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Mt. Merapi is one of the most active volcanoeshie world and located at 30 km north-northeasnfro
Yogyakarta, Indonesia. A large amount of sedimapply from Mt. Merapi area is serious threat toglep
but works also as an important natural resourc@dople. Thus, the sediment from the volcano hasng
both advantages and disadvantages. Sustainablaesgdinanagement is urgently required to mitigage th
sediment disasters and provide the people with fiené is considered that sand mining activitydan
installation of groundsills can be used as onéeftbols to control the sediment disasters andag®nal
development. In this study, we discussed the hasicagement concepts of sand mining and groundsill

installation for such sustainable sediment manageme
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analysis

1. INTRODUCTION

Mt. Merapi is one of the most active volcanoes
in the world®. It is located at the vicinity of
Yogyakarta city in central Java Island, Indonesia.
Fig. 1 shows the location of Mt. Merapi. Mt. Merapi
has been giving various volcanic activities, sush a
eruptions, lava flows, pyroclastic flows, glowing
clouds, volcanic ash falls and volcanic debris 8ow
The produced sediment has been causing many
disasters for local residents. Particularly, pyastt
flows due to collapse of lava dome or lava tip lesu
in disasters and a tremendous amount of volcanic
loose deposits on the its slope. Pyroclastic flows
have run down during the last 100 yéar®, and
occurred most on southwest slope from 1961 to
1997. The total number of debris flows recorded
from 1931 to 1996 was more than 500 times.

The locations of sediment deposits are shown in
Fig. 1. Sediment in Mt. Merapi has good quality and
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is popular as construction material. The sand rginingig 1 Location of sediment deposits in Mt. Merapi. (1nShnit

activities have given some advantages for ruralloc

people and local governments. Total number of
mining workers in Mt. Merapi area amounts to about
21,000 man/day. The local government of Magelang

lava dome and andesitic lava flow, 2: volcanistasti
deposits from Merapi volcano, 3: main citte<Blue line :
Progo River. Inside of the red line is volcanic eetbasin.
Outside of the red line is non volcanic basin)

Regency obtained benefit from the sand mining 218 000,000 (from fiscal 199%8) Hence, ban of
activities and the regency income is Rp.sand mining damages the economic condition of both

- 151 -



local people and local governments. However, Average Iavasproduction
uncontrolled sand mining has caused problems in the ol 1-2X1(5;m /Béear_ _
watershed such as instability of groundsills, beisig : anc mining

. ) ) 5~6x10 m*year (2000)
and so on due to bed degradation. Especially in the

. . Sand mining
lower reach of the Progo River, since 1970, bed 1.07x16m*year (1999)

and riparian habitats are also destructed due to
natural and artificial armoring. If the sand minican Sediment from

. n volcanic basin
be controlled, it can be one of measures to preveﬁ\g?%(m mlyear

Sediment discharge to sea
1.46x16m®year (Calculated)
—>

sediment disaster and contribute to the rural dsp=14mm dgp=1mm
economy. In this paper, the basic concepts of such |'=0.0107 (2001) I =0.0015 (2001)
sustainable sediment management assisted by sand Upper area Lower-middle area

mining and sabo works are discussed.
Fig.2 Sediment balance in Mt. Merapi area

2. SEDIMENT BALANCE 150

) ) o Annual average lava
The current sediment balance in MiMerapi is production 1.2x10m’/year
influenced by sediment production, sediment minin

and sediment discharge to sea as shovfiign2. 100 -

(1) Sediment production

Fig. 3 shows the sediment production from lav
production (volcanic active basin) and landg
surrounding Merapi area (non-volcanic basin). Botlp
locations are shown ifig.1. The lava production 3
data from 1890 to 1992 has been compiled by ol ce
Siswowidjoyo et & and it is varied widely from less 1900 1950 1992
than 16 m®> to more than 20 x f0 m’. The
cumulative volume is proportionally increased an
the annual average lava production rate estimateq 1

base on the the cumulative volume of lava is aroun od load transport formiaThis result shows that

1.2 x 16 m3/year. The sediment production fromthe annual average sediment discharge is almost
non-volcanic basin is estimated at 20% of the 9 9

sediment production from volcanic active bas{ equal to the annual average sediment productien rat

024 x 16 m3/year). Thus, the total annual averageTherefore’ the sediment discharge to sea balances

) ) . with the sediment production rate. However, acjuall
segdlment production rat@spm,' IS eq“"’%‘ to 1'44).( fo total sand mining in the foot hill area and the éow
m’/year. The assumed sediment discharge into trlgrogo River are 6.07~7.07 x°l0/year. Thus, the
Progo river is equal tQqn (=1.44 x 16 m’/year). ' ' ' ’

bed degradation has occurred in the lower Progo
River. If sand mining activities in the upper reash
The sand mining volume in the upper area in 200 ot supprehsfsed, Isedlment dozs n? supp:jl!e_d to the
was estimated at 5-6 x 167/yea’. Sand mining is o o 'cach forafong term. Under this condititirg

' slope decreased from 0.0015 until the static

also performed in the lower reach area, espedially - : _
the Progo River. The mining rate in the lower Proggzqwhbrlum slope of sediment transport (=0.000156)

. . . )
River is estimated at about 1.07 ¥ hif/year’. 3 CONCEPTS OF SUSTAINABLE SAND
MINING MANAGEMENT

VE VOLUME (x$8%n%)

(4]
o
T

Annual sediment production
in non volcanic basin

MYLA

d:ig.S Cumulative volume of the lava productions in Mt. lsiar
and the sediment production in non volcanic basin.
46 x 10m’/year using Ashida andMichiue’s

(2) Sand mining volume

(3) Sediment outflow to sea and future condition

According to DGWR report, the hydrological and 1) Sand mining management concept
topographical conditions in the lower Progo RIVeN,this chapter, the allowable sand mining volume,
are as follows. The annual average discharge s 835 js determined under equilibrium sediment
m’/s. The mean diameter of bed materialis 1 mm, theangport conditionsFig. 4 shows the prosedure to
average river width is 200 m, and the average ber%lculateQ%. First, the designed bed slopg, is
slope is 0.0015. Under this condition, the sedimeffacided. To determinigg, it depends on how deep
discharge in the lower Progo Riv€la, is estimated  {he riverbed degradation took place and how much
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the sand mining v_olume will be_ taken. Next, Fhe The designed be ] Theallowable san
allowable degradation depth (height of groundsills) slope {pq) [ mining volume Q) ]
is decided by based on the available budget. In
consequence of these steps, the number of Theallowable The sedimen
groundsills and the longitudinal distance between degradation depth ]"[ discharge to se&),) ]
groundsills are obtained. In the 3rd step, sedimer{g 4 Fiowchart to determine the allowable sand miniatyme,
discharge to sed)q, is calculated for the designed Qs

bed slope. In this paper, Ashida-Michiue’s equation

is used to calculat®y. Finally, Qs, is equal to 1.6 _ Average sediment supply rate
Qs Qa1 For exampleiys = 0.001, Qq, is 0.82 x 10 = 14~
m°/year. Thus, under this condition, the allowable £, 1.27
sand mining volume is 0.62 x4(=1.44 x 16-0.82 & . ala ]

106

x 10°) m*year. Relation betweép andQs, is shown
in Fig. 5. The maximum allowable sand mining = 0.6 1

volume is 1.44 x 10m’lyear. 8‘21 1
(2). The sedimet hazard '0 | | . |

By the controlled sand mining activity, an extra
empty of capacity in the sediment reservoirs igulse
to contribute the rural economy and control theriv
bed elevation in lower reachlowever the sediment
supply rate,Qsppy, from the Mt. Merapi changes
very much. Thus, it is very important to determine
the allowable sediment supply to the lower Progo§
River, Qg, for eachiy to prevent sediment hazard. 2
Here, it is assumed th&)y is defined as sediment
supply rate that causigto return to the original bed /1.5 7--oocoocm e
slope {, = 0.0015).Qs is equal toQgpm + Q. FoOr 8’ 14
example, if the designed bed slope is 0.003, is 0.5+
2.06 x 16(=1.44 x 16 + 0.62 x 16) myear. 0 ‘ ‘ ‘ ‘
Relation betweeimnyy and Qs is shown inFig. 6. If 0 0.0005 0.001 0.0015 0.002
Qsuppy IS less than or equal @y, series of groundsill -

Egnge;e[hgl:]r(lged \ili[”:;ilTeCd;LnseembeBdUtgwgpﬁgAZ tzglric:md Fig.6 Relation between the allowable sediment supRly, and

21 the designed bed slop

groundsills are buried after a long time. For exemp ° i
if a huge eruption occurs with the sedimen
production rate of 25.0 x f@n*year like 1930, it is _ ,
predicted that the bed slope changes frgno the (1) Simulation Model , _

equilibrium bed slope with 25.0 x i0milyear 'The k_)asm equations of a S|mulat|qn model of one
(=0.015). If the bed increases rapidly, it can Causéjlmensmnal bed deformatl'on analysis are shown as
some serius problems in the lower reach such 48/lows. The used model is the standard well-used
ineffectively of irrigation intake function®., one dimensional bed deformation model. Mass and

Considering the actual situation of the volcanidNoMentum equations of water are as follows.

0 0.0005 0.001 0.0015 0.002

I bd
Fig.5 Relation between the allowable sand mining volu@s,
and the designed bed slopg,

3.5

)

Average sediment supply

lthe groundsill installation are discussed.

activities in Mt. Merapi, a buffer zone such asnad 6_A+0_Q _

pocket is strongly required. ot oax (1)

4, SUSTAINABLE  SAND MINING Q d(Q __A0Z 0
COMBINED WITH SABO WORKS E+&(T =-0A- ~0Al.+—(A0,) (2)

Sand mining management concept is discussed r}zlhere,t is the time,x is the coordinate along the

Chaptei3. However, the concept is established undelpngitudipal directionA Is the crpss-sgction area of
equilibrium sediment transport condition. In thisWaterQ is the water discharge in main chanigal

chapter, one dimensional bed deformation analgsis "€ gravity, ois the water densityz is the water
performed for the lower reach of the Progo Rivat anSurface elevatiorl. is the energy slope and is
two management concepts on the sand mining ariie turbulence stress. Ashida and Michiue’s
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formula® is used for the estimation of sediment
transport rateEquation of continuity of sediment
discharge is:
g 0%, 1 00 _
Yot 1-A ox 3)
where,B,, is the channel widthis the porosity of
bed materialz, is the riverbed elevation.

1st groundsill

(2) Hydraulic conditions
The simulation is carried out using the averaged
geometric and hydraulic characteristic values ef th
lower reach of the Progo River. These data are the _J
same as the data used in Sect®n(3). The After 2 years
calculation length is 30 km. Normal water depth is %% > &2
used for the downstream boundary conditions.
Calculations are performed under 6 conditions.
The initial longitudinal bed geometry is drawn inthe two times as the equilibrium sediment transport
Fig. 7. In Case 1, initial bed lope is 0.0015 and Jate with the slope 0.0015 (= 0.046Zmx 2).
groundsills are installed on the original bed. TheSupplied sediment discharge in the following 4 gear
height of each groundsill is 2.7m and the longitadi is the equilibrium sediment transport rate with the
interval between groundsills is 9km. Under thisslope 0.0012.
groundsill install condition, the designed bed slop
becomes 0.0012. Supplied sediment discharge is th®) Resultsand Discussion
equilibrium sediment transport rate with the slope Fig. 8 (&) shows the temporal change of bed
0.0012 (= 0.0338ffs). Hence, 0.0119Hs geometry in Case 1. The bed deformation between

(=0.0457n¥s - 0.0338rfs) can be used as sandgroundsills is very fast and bed slope becomes mild
mining. In Case 2, the hydraulic condition is thewith time. Bed level at 18km from the downstream
same as that in Case 1 except for the installégicei €nd decreases with time in the first year and
of groundsills. The crest of groundsills has theesa increases in the following yeafsig. 9 (a) shows the
level as the bed surface. When the bed has betgmporal change of the sediment transport rate
degradated because of sand mining and so opetween the 2nd groundsill and the 3rd groundsill i
groundsills will be installed as Case 1 to increthge Case 1. The figure indicates that the bed at 18km i
bed surface. When the initial bed level should bélegradeted until 8 months, because the sediment
kept, groundsills will be installed as Case 2. Ge transport rate at 18km is more than sediment
and 4 will be used for the discussion on thdransportrate at 19km. These results indicatettiea
installation order of groundsills. Only 1st grouitids Ped deformation between groundsills in the firstrye

is installed as an initial condition in Case 3 dnel IS the adjustment process of bed geometry to the
2nd groundsill and the 3rd groundsill are installedocal flow condition. On the other hand, after 8
after 1 year and 2 years, respectively. The othdponths, sediment deposition takes place at 18km
hydraulic condition is the same as that in Case flue to the effect of the upstream sediment supply
Only 3rd groundsill is installed as an initial citimh conditions. The sediment transport rate at 10km is
in Case 4 and the 2nd groundsill and the 1 g4till smaller than the equilibrium sediment trangpo
groundsill are installed after 1 year and 2 yeardate with the bed slope 0.0012 (= 0.033&jnat 5
respectively. The other hydraulic condition is theyears. Hence, approaching to the equilibrium state
same as that in Case 1. Bed variation characteistitakes very long time under this condition.

under large sediment supply conditions are discusse Fig. 8 (b) shows the temporal change of bed
using Cases 5 and 6. The initial bed slope betwedlgometry in Case 2. The bed degradation in the
groundsills is 0.0012. In Case 5, the suppliedlownstream of 3rd groundsill is invisible after 1
sediment discharge during the first year is theesanyear. This result indicate that the effect of small
as the sediment discharge in the 1930's huggediment supply conditon (= 0.0338s)
eruption (= 0.790ris). Supplied sediment dischargePropagates to downstream very slowly. Here, let me
in the following 4 years is the equilibrium sedirhentry to use the very slow propagation velocity to
transport rate with the slope 0.0012. In Case &, trlecide the installation order of groundsills. Ins€a
supplied sediment discharge during the first year i2, the 3 groundsills are installed at a time as the

Fig.7 Initial longitudinal bed geometry
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() Case3 Fig.8 Temporal change of bed geometry (f) Case6
initial condition. However, in order to save budgetof groundsills (ex. 18km and so on) is suppressed i
(including interest for the budget), we had betteCase 3. Hence, the groundsills in Case 3 are tls¢ mo
construct only one groundsill first and the others  stable and the depth of the basement under the bed
constructed at the following appropriate yddg. 9  can be shallow. As a result, the construction cofts
(b) shows the temporal change of the sedimemroundsills can be savedrig. 9 (c) shows the
transport rate on 3 groundsills in Case 2. Sedimem¢mporal change of the sediment transport rateeat t
transport does not decrease on the 2nd groundsdill adownstream end. In order to minimize the impact of
the 1st groundsill until 2 years and 4 yearsgroundsill construction on the ecosystem of the
respectively. As a result, if installation of credt downstream of groundsills, the decrease range of
groundsill is the same as the bed surface to Keep tsediment discharge should be smaller. From the view
original bed, not to increase the original bedpoint of this, Case 3 has the smaller temporal ghan
installation of the 2nd groundsill can be donehat2 of sediment discharge (initial sediment transpsrt i
years and installation of the 1st groundsill ish@t4 0.0457n¥/s). Hence, when groundsills are installed
years. It is economical that the groundsills ardo increase the bed level (the crest of groundsills
installed from upstream to downstream. higher than the bed surface), it is safe for human
Fig. 8 (c) and (d) show the temporal change obeing, plants and animals that the groundsills are
bed geometry in Cases 3 and 4. Comparing amongstalled from downstream to upstream.
Cases 1, 3 and 4, bed degradation at the downstream
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As discussed usirigig. 6, the sediment discharge 006 __—Erosion at 18km
with the original bed slope (=0.0015) can be one of 0.05
the allowable maximum sediment discharge fof
sediment disaster prevention. However, as shown i% N R e

Deposition at 18km

—i,=0.0015 19km
(on the 3rd groundsil

Fig. 3, huge amount of sediment is supplied to rivers; .............. :
. . £ 0.03

when the volcano is erupteBig. 8 (e) shows the 2 . N
temporal change of bed geometry in Case 5. Beé 002 Fegr o

. =] 10km
elevation from 25km to 30 km becomes very hlgh'g (on the 2nd g,ound5”£
after 1 year and overbanked sediment flood is ®*|
expected. After 5 years, all the groundsills alledi 0 ‘ ‘
with sediment and the slope becomes larger than () Casel
0.0015. Of course, these results depend on the ' 1km (on the Lst groundsill
upstream sediment supply condition. However, thg 0.05 |
data of the upstream of the Progo River is not ghou g 0.08
to discuss the propagation characteristics og 1,=0.0012 \ 10km
sediment supply by the volcanic eruption. Hence, thZ o.os - 19km (on the 2nd groundsil
above mentioned sediment supply condition isg oozl (on the 3rd groundsill)
applied as an example heiféig. 8 (f) shows the £ Installation of 2nd groundsil
temporal change of bed geometry in Case 6. A$ oo1| |~ Installation of 1st groundsil
shown inFig. 8 (f), the bed deformation around the 1

0

groundsills are very small because of the decrigase (b) Case é
the sediment discharge peak during the propagation o.os
process to downstream. Hence, the allowablg
maximum discharge is underestimated, when th&
equilibrium conditions is assumed. As a result, th% 0.04
two times as the equilibrium sediment transpos rat
with the slope 0.0015 can be flowed without fiIIedg

with groundsills.
5. CONCLUSION

In this study, sediment supply from mountainous
area is considered as natural resources, and $ie ba 0 1 2 vear 3 4 5
concepts of sustainable sediment management
assisted by sand mining and sabo works are
discussed. In fact, sediment mining brings
non-negligible economic effects to people and local Progo riverFinal Report, 1999. (in Indonesian)
government in Mt. Merapi area. On the other hand® Karnawati, D., Pramumijoyo, S., and Hendrayana@3éology
uncontrolled sand mining forms sever bed Sgp?%%?gé?iaégglghgﬁcglyggg'eiy"cﬁlEirr‘]'goﬁfcz(%%?(;
degradation and damages to ecosystem in the lowgr | avigne, F., and Thouret, J.C.: Sediment transportzand
river. Furthermore, the budget for river regulation deposition by rain triggered lahars at Merapi VomeCentral
works is restricted. It is considered that the ssted Java, IndonesiaJournal of Volcanology and Geothermal
management concepts can be used for helping o Research, vol. 49, pp. 45-69, 2002.

€

. ... .. NAAA: Monitoring of debris flow dangerous of Mt. &dapi,
determine the politics on the sand mining and the" zyt 2006 (in Indonesian)

0.05

0.03

Sedime

(c) Downstream sediment discharge in Cases 1, 3and
Fig.9 Temporal change of sediment transport rate

groundsills and sand pockets installtions. 8) Siswowidjoyo, S., Suryo, I., and Yokoyama, |.. Magm
eruption rates of Merapi volcano, Central Javapriedia, during
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