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3.3 SEDIMENT BALANCE OF LAHAR OF 1981

(1) .

(2)

‘Outline

:Sedlment balance calculatlons were Performed for the basin
'based upon the volume of er051on and of the accumulation
‘caused by the lahar of May, 1981, and obtained as dis-
chssed in the foregoing sections, i. ~e.; 3.1, and 3.2.

Iﬁv§€ﬁéféljjsedimeht balance calculations are performed by
totaling the volume of change in the amount of earth

‘observed at all sections lying from the downstream or
“dpétreém‘end'of the basin,

" Since. the volume of earth that

‘flowed out into the sea is not known for the basin under

dlscu351on. ¢alculations were performed starting at the

Iupstream end,

EﬂEstiﬁation of Produced Volume of Sediment CauSed by Lahar

: Wxth regard to the topographlcal cond1t1ons and the route

of transport of the lahar of May, 1981, the sections and
the’ form’ OE OCcurrence as regards the lahar were listed as
follows and examination was made on the items which had

 not been calculated in the foregoing sections i.e.)
.}1aﬁdsiida$ﬁanth¢ valley wall,
iii) river bed dissection.

ii) lateral erosion and

Classification of Form and Place of

. Table=3.6 . H
Produced Sediment

Form of
. Occurrence

Place of
Occurrence

Form of
Qccurrence

Place of
Occurrence

Collapse

Vailey'wall
collapse

Valley wall
{slope under
attack)

Mounta1n31de

Slope ‘erosion
Upper valley
wall erosion

-~ slope surface
,layer

Upper valley
wall’

Latéral erosion

~ River bed

erosion

Cld terrace

River bed




(1)

- Undercut Slope
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Landslide On the Valley Wall

In the valley sectlon, the materials of the valley
walls are relatively looSe, therefore, valley: wall
fa11ure occurred on these walls during or just

‘after the passing of the 1ahar.f71n view of thls,
“valley wall Ea1luré, average ln scale, confirmed

through “the 1nterpretation of aerial photoqtaphs

and field 1nvestlgations are assumed to have.

occurred on the unde;cut_slppes of each“;lye:_.

gL

‘ Failure -

Fig.-3.2 Concept df”Valléy‘WalllEéiluté”_"*'*

during or after. the flodewn of the lahaf..'The

“volume of debris produced On this valley ‘wall was

assumed to be identical’ to ‘that obtained by the
following formula: |

Valley wall relative height (Hw) x width (Bw)
X Depth (Dw) : : :

The value obtained by the fo:mula was multlplied
further by the number of the slopes subject to
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'aEtack (Nw) for each valley. As an equation to
represent a typical scale of degradation, Bw = 20 m
. and Dw = 1 m were adopted.

(ii) Lateral Erosxon

Excavatlon of the old terraces and the bottom
sect1ons 1n31de the channel is considered to have
occurred as'a resul; oflthe lateral eroding force
of lahar. Since estimation of the volume of such

-erésibn”is véty difficult, the volume of lateral
er0510n was ineéluded in’ that calculated for old
terracés 1nsxde the yalley. ‘The volumé of side
erosion obtained was used for sections where the
presence of old terraces could be confirmed. The
‘erosion thickness was assumed to be 3 m {See
Fig.-3.4).

_ Lahar Cross Section

S S __S————Old Flood Terrace
. e § : :

Nz N o
"-"'""'_ ; zf .— New Filood Terrace

Fig.-3.3 Concept of Lateral ‘Erosion of 0ld Terrace
on the Valley Bottom

0ld terrace relative height (Ho) ®x 0ld terrace
length (extension) {(Lo) x Erosion thokness (Eo}



(ii4)
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. Although the presence of the volume of lateral

efeeignlwith"regard;to valley walls and channels
inside fans caﬁgbewconsidered, it was excluded
since ‘an estimation proved difficult. The Qelume
was assumed to have beeﬁ:taken'cere'Of”bY’the‘

'slight Incréase in the volume of failure on the
_ valley wall and river bed dissection. .

?RiVer Bed DissectiOn

Several sections are considered to have been sub-

jected to river bed erosion,inside the valley and
on the river bed at the top of the fan. Here, for
.eech‘applicableﬂsection; a value obtained by the -

following formula was. given. The depth of erosion,
however, was estimated for each section baséd upon
the results of field investigations. and inquiries;

Valley bed width (Bc) X Channel length (Lc) X
' Dissected depth {Dc) S

The values calculated for the v01ume of sediment
caused by the lahar are given in Table -3.3.

The sediment balance expected at sections through
which a valley run can be expressed by the
following formula: ' SR

Where,

v, ¢ volume of sediment flowing_into the .
applicable section form the .upper basin
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V2_3_~Volume-of Sedimént'occurring'at the
L ,;applicable sectlon _ '
‘ Vé‘:f Volume of sediment ‘accumulated at the

appl1cab1e section_
'_V4_:_ Volume of sediment flowing out from the
: 'appllcable section '

A series of calculatlons performed, beginning at .
the upper basin, by the above formula enables com-
prehension of the outlzne of the volume of sediment
transported within the ba31n. The results of
‘ calculations made for sediment balance in such a

_manner are shown. in Table- ~3.4 and Fxg.*3 5. It
should be noted, howevet, that the volume (y) of -
lahar flowing in from the main B, Sat inside the K.

) Mugur ba51n was assumed to be 0,

AcoOrdlng to the results of these calculations, the
volume of flow 1nto each fan and that into the sea

dre as follows-;'

Table-3.7;”Resolt{of Sediment Balancé

K._Reﬂélif K. Mujur
Volume of fiow into fan |  1235.6 1297.5 + y
“Volime of flow into sea "~ 270.9 2.7 +y

y: from B, Sat frunk river
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Fig.~-3.4 Sed[neutaty Batance of K. nejali asin (Labat of 1981)
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Fig.-3.5 Sediveatary Balansce of X. Mujur Basin {Latar of 1931)
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4 CONDITIONS OF'DEpOSITION OF THE LAHAR OF 1976 AND 1978

(1)

Cond1t10ns of Deposition

In this section, the. condxtlons of dep031tion over the K.
Reja11 fan caused_by ehe_lahar whioh_OCcu;ped in the K.

- Rejali basin in-1976 and 1978 will be dealt with..

The distribution of deposits oauéed'py tﬁe;two.lahar oc-

currences is- shown in Fig.-4.1." In both occurrences,
lahar mainly accumulated at’ the upstream side of the K.
Leprak, l.e., the area corresponding to the steep slope
labar fan at EL, 500 m - 260 m. In areas downstieam of the
Gn.,Jugo, lahar terminated 1nside existxng streams.

As far as observations are conoerned, the thickness'of-
deposits brought by the 1ahar of 1976 reachee 2 m,
Although no clear outcrops were recog iized for the lahar
of 1978, the thickness of deposits is oon51dered in .
general, té be about 1 m to 0.5 My from the cond1tiOn of
the depositions and the outcrops on: ‘some rills.

The surface of the depos:ts of the 1aher of both 1976 and
1978 is flat; although large boulders ( 1 mto 2 m) are
seen on the deposits. ‘The' cross seotion and the composi-~
tion of the deposits brought about by both lahar occur-
rences are noticeably similar to those of the lahar of 1981.‘

The lahar of 1976 started flooding ‘near’ the top of . the fan
and its materials are deposited along the left bank of the

river and 1ts channel,

Although no tnbrication is recognized in the deposits on
the left bank, boulders are accumulated in thiok layers
near the center of the’ upper half of the deposit area as
indicated In Fiq.—d 1. -



(2)
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RERE

channel are considered to have 1ncreased the relative.

'_depth of the river near the fan top and to have moved the
ﬁpo:nt_of flood occurence of later lahar {'78 and '81)

downstream. - The' 1ncrease in the relative river depth was

fpcssibly further accelerated by the lowering of the river
~bed as a result of the K, Leprak No. 1 Dam, built after

1978.

The - fldod area of the lahar of 1978 is very similar to
that of the lahar Of 1981, the former is considered to
have been Smaller in scale in respect of the distr1but1on
area ‘and deposit thickness.

Caléulatibn'of vO1ume”of Déposits
The volume of deposits resultlng from the two lahar

occurrences (‘76 and '78) was calculated by temporarlly
assuming a dep031t thickneéss dlstribution s1milar to the

‘lahar of 1981 in scale, hbased upon the extent of deposits
‘of the two lahar occurrences. In other words, the volume

of deposits-(Ve) for sections at the same elevation is
Ve = Ae x He

Wheré,
. her Area of deposits
- He: Average thickness of deposits of lahar of 1981

The tdtal volume of_the deposits, therefore,_Can be ob-
tained'by addition'of Ve. The volume of deposits in the
section lying at EL. 500 m to 260 m inslide the K. Leprak

is as follows~

| ;Tablé-ﬁ.l Volume of Deposits of Past Lahar
o 1976 1978 1981

" Volume of deposits (x 1000 m ) 1224.0  286,0  554.2
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Table 4.2 Volume of Sediment Dep051ted by the Lahars
: S 0f£°1976 and 1978

L'ahar

Locatlon

. Flood Area

Depth
(m}_

Deposzt Volume
;(x 1000 m )

_19'1’6-w

130

{(x° 100Qm ) 7

Q;o so\?,;

438 0

T | e

280

‘.f'o.‘ﬁo

1680

170

0.60

E*]

480

0.56

2688

20

L 0:60

" 420

,élﬁdri‘1f

1224.0

1978

300

180.0

0

o2

120

":ﬂ 67 23&

490

| 286 4

‘motal
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5. sumﬂnhy

The studies clarified the conditions of sediment production,
‘distribution of deposits and volume of transport thereof, of
the lahar - of 1981.- Based upon. these findings, the extent of
“lahar and a dlstrlbut1on of th1cknesses of the deposits at the
time of disaster were assomed.,-The results of such an attempt
provided points to be noted for sediment control planning which
'-include, : .

(1)

{2)

(3)

.The cond1t10n of the source of debris between the K.

Rejali and K. Munur basins differs COn51derab1y, however,.
through 1nference from past conditlons, the source c¢could

be debris as a result of eros1on of the volcanic bare
~slopes and the inside of valleys d0wnstream thereof.

The'oaliéys-Which éte'mOSt likely to produce 1ahar are

“.therefore Curah Lengkong, whose sOurce head: consists of
volcanlc bare slopes and By Sat and B. Sarat and B. Bang,

hav1ng the same conditions in respect of their valley
heads. The B, Tunggeng can be described as a valley which
is leéss 11ke1y to cause lahar.

The volume of producedVSedimenﬁ as a result of landslides
at the source head is in the order of one hundred thousand

___cubic meters or thére about. The volume increases as

- {4)

lahar flows downstream by collecting materials on the

7mountainsides and inside valleys at the upper reaches of
_the river. The volume of sediment discharge into fans

wiiljbe'about 1 million to 1.5 million cubic meters.

‘_Soohtsediﬁent flows downstream ae31) debris flow, 2)
- mudflow-A, 3) mudflow-B or 4) bed load flow, names given
in’ terms of the olassification of the mode of accumulation

under the present study.



{5)

{6)
- Semeru volcano, which actively produces a ot of matéri-~

J -60-“5:

In many cases, the flooding points of lahar are found at_
areas with low embankments, bending sections of channels_

'and points of shift in slope in: the fan area.i

The fans undet study are subject to the influence of thefs:'

als, and’ therefOre, they can be’ described as beinq under,s
development.. s : S : \

Flood areas’ mOve due to erosion of fan surfaces and
channels and ‘the presence of depos:ts.r In this. respect,if
it can be. assumed that the probability of flooding in the

- fan areas 1is° identical within one fan area._-

(7)

The distribution of the deposit thicknesses of sediment
has a clear tendency to thin out from the upper to the

“lower reaches of a river. Maps of the distribution of _
. gediment dep051t thickness were prepared with reference to

this tendency and the findings given in (6). R
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R 'PéEsENT'CothTioﬁ'oF stERVATrON Auo'w.'sYSTEM

As it was ment1oned in Chapter 2. 5, big lahar flood occurred at
the southeastern slope of Mt. Semeru in 1909.7 It is recorded
that 208 people were kllled many houses were swept away and
many hectares of rice frelds were damaged. ance then, the
government ‘made some effotts to COntrol flood by using '
embankments.' Also some observat1on statlons equipped w1th
telephones for warnlng weré set up to observe the actlvxty of
Mt. Semeru and ‘lahar. ) ’

1.1 voLcAﬁoLOGICAL OBSERVATION SfATION

To observe the actlvitles of Mt. Semeru, there’ are 3
volcan01091cal stations at the eastern and southern slopes of
the mountaln. These 3 volcanologlcal stations are‘

(:) Tawonsongo volcanologlcal observation statxon (+800
m), situated at the eastern slope area and observlng
the mountaln act1v1t1es to eastern slope dlrectlon.

:(:).'Gunuhg'SeWur Volcénblogical‘obServation station (+800
'm), situated at the southeastern lepe area and
"observxng the mountain aCtLVItleS to southeastern

‘”;slope dlreotxon._ a |

(® arqosuko volcanological observation station (+900 m),
7 situated at the southern slope area and observ1ng the
'“f mountaln activ1t1es to southern slope drrectlon.

Observation of Mt. Semeru activities is- run by the directorate
of VOlcanology. Communication is done by telephone.

ow dE L



N T

TRVLH AL TR

AL T T R R AR A e TR

K-2

From the locatlon of these volcanologlcal observatln statlons,‘
it can be concluded that volcanlc debris Mt Semeru is current
produced toward the eastern and southern slope dlrectons.

1.2 FLOOD oesE'RVA'I‘roﬁ s_TAT_IoN R

Since the OCCUrrence of lahar flood 1n 1909, the qovernment
paid a seriOus attent1on to control 1ahar flood._ Besides
constructing some countermeasures such as embankments and
revetments,‘lo flood observation statlons were set up at the :
eastern and southeastern slopes of the mounta1n.- CommUnicat1on
system between these observatlon consxst of telephones, where

._its management comes under - the Irrigation Service of LumaJang.

Therefore, Central Station of the telephone communicat1on
system is at the Irrigat1on_serv1ces Oﬁflee.

Those flood observation'stations are'es follows:

(:)_‘Kertosari Central Observation Stations is to observe
lahar in the Besuk Sat rlver, located at the,
mld-stream of the river. (“Central station" means

,that some stations 1n the f1e1d is subordinate to
this statlon} ' '

(:) Gunug Sawur Central Observation Station is to observe
lahar in the Besuk Semut river, located at the '
upstream of the river,

'(:> Curah Kobo an Observation Station is to observe lahar
" in the Besuk Kobo® an river, located at the mid stream

_of_the:river.

I

Kali Pancing Observation Station is to observe lahar
in the Pancing river. : .



@ Besuk Sat Observaf.ion Station is to observe the Besuk
- Sat river. located at upstream of the river.

(:) Mungir Observation Station is to obsrve lahar inthe
Besuk' Sat rlver. ‘located at the downstream of the
river.

(:) Bendo Observation Station is to obsrve lahar in the
B. Sat river, located at mid-stream of the river.

'(g) Senduro Observation Station is to observe the
| Ireng-ireng river = = :
(?)* Pagoan Observation Station is to observe the Laban
river. - - '

Kedung Waringin Observation Station is to cobserve the
a © Mujur river, : S o

1.3 TRADITIONAL WARNING SYSTEM

Trad1t10nal warning system is 'still convenient in the area

surrounding Mt. Semeru, especially in the country side to
'_announce the_occurrence of lahar flood (also for fire, etc.).
'This traditional warning devise is called Kentongan
(Tong-tong), made from bamboo or hollow wood.

To announce the occurrence of flood, people beat these
‘tongktOhg in a certain rythm, and the alarm”is repayed to the
nelghbouang villages 80 as to make ap the people to prepare
- the" emergency ‘avacuation. '
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1.4 RADIO WARNING SYSTEM

After the establishment of Mt. semerd’Pfdjedt, a fadio' _
communlcatxon system will be installed to: 1mpr0va warning
system owned by the Irrlgatlon Services Office (at: Lumajang)

Location of the radiO'stations will be as follows.

- Semeru-l. At:thetMt.:Semers.Project.officeja::
At the central commUnicatibn'staEion

~ Semeru 2. At the Kobo' an‘ObServafidh'Statibn;
observing: and. reporting the" 0ccurrence of
- flood ‘in the B. Kobo'an riVer PR

- Semeru 3. At the. B. Sat Observation Stat1on, FEE
observing and report1ng lahar flood in the
B. Sat river ' '

- Semeru 4. At the Kgcamatantpronojiwo Office,
observing and reporting £lood ‘in the @t
_ Lengkong river and its tributaries’

1,5 LGTC WARNING SYSTEM -
Recently (1982/1983 fiscal year), Mt, Semeru Project Office set

up a more convenient. communication system. - It is called. Local e
Government Tele- Cowmunication System (hereinafter referred to
as LGTC system). The communication system using radio '

equipment, whereby communication can be done. by those. who hold
the radio device. (Conveyable distance is about 50 km - radius)

Warning system network showing the Irrigation Services G-
Telephone and Radio Communicaitions and Reporting System are |
given in Fig.-1.1. Locations of observation stations are shown

in Fig.-1.2.



1.6. EVACUATION HILL

During a flood, poeple w111 be evacuated to an evacuation hill
which is made’ from tones or soil some 3m hxgh sbove the
ground, This eyacuatlon h111 is used for the purpose of saving
lives during fléod. HoweVer, a lahar directly attacks this
evacuation hill, it is npot storng enough to bear the
destructlve power of lahar stream. Therefore, it is advisable
to construct it much stronger. ' |

— = Plecd -

Volcanol.oqy.obs:..sta A Chief of Desajfv‘ ¥ Chief of Desa "'\"I Flood 0bs.sta.
POSROl - | Kertosari obs.sta|
1 9 ’ : - . ’
:kawmdkny . e D R o ' - — —
lehief section || [LChief of _!;ecaﬂatan | 1rrigation branch office
| | Chief of tedono | ['section frrigation] . o -2
5 _ - Office , t— Irrigation centr. Seneru -
T \ £ ) _ T : ‘Telephcne Project
Irnst:an'cés | Chief of Kabupat_n o R
o ! iBUPatl) o t Irrigation Fead-
' : t o | quarter
- Covernor | | L 3

Province Irrigati

Office Jakarts

"lﬂ.gends: am—mm e Observation - ———% using radio telephon

——’-’—-——_r using tong tmg/rrout:h to mouth —#--—b  using general teleph
=4+ using ir_r;gatxon telephone

¥

Fig. 3.1, Warning System
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2. GENERAL COMMUNICATION CIRCUIT PLAN

2.1 OUTLINE

Due to the volcanic activity of Sémeru Volcano, an enormous
amount ‘of volcanic ash, earth and rocks deposited over a long -
period of time, when saturated with rain will start to shift,
and depending on the rainfall, will suddenly move and flow down
caus1ng ‘a great deal of damage to the fields, property and
people s llves ‘in the area.’ '

Therefore, besides enforcing such preventive measures as
sedlment conttol works from the civil engineering standpoint,
the Mudflow Warnlng System as descrlbed below will play an
1mportant role5 ‘ ‘

Because the mechanism and interrelaticn of cause and effect of
mudflow were found to be mostly due to the rainfall in the
surrounding area, sub-systems were installed to this system as'
described ‘below. - |

Kach sub-system is a social system designed mostly to protect
the lives and property of the inhabitants. By catching the
occufrence of mudflow on the upper stream around 2,000 m above
sea level 0h the:side'of the Seméru Volcano using the -
Information Processing Center's sensor -and TV camera (normally
used to collect daté on rainfall, water level and visual
iﬁfoimatibn}; the danger of the mudflow reaching the lower
stredam can be'prédictéd-and an evacuation warning due to
mudflow can then be transmitted to the danger zones.

_ At’the Center, the conditions of rainfall are observed by a
small radar raingauge and t&e?actual measure of precipitation
and water level is automatically collected by the rainfall and
water level telemetering system to preparée for the occurrence



of mudflow. The collected data is dlgltally dlsplayed on the
dlsplay panel and recorded wrth a typewrlter.._-

When mudflow occure,'lt is detected by a sensor whlch is
1nstalled upstream which then proceeds to 1nform the Center.
At the center the place ©of mudflow lS plhpOlnted on. the map
panel of the graphlc dlsplay and the pocurrence  is aeknowledged
by the soundlng of F buzzer.-

By mohitoringrthe.pictures taken by the TV camerefin_thelfield,
the condition of the occuirence of mudflow is understood at the -
Center. ' ' ' |

The plctures are recorded by VTR as’ requrred The'rieing of
the water 1eve1 down stream is| monltored through a water level
"telemeterlng system ‘and a dangerous water- level can. be -
-predlcted in advance, dlspalyed on the map. panel and acknow—
_ ledged by the buzzer._ ' '

Based on data collected “in. thls way, the relatlonshlp between
_the occurrence of mudflow and total ralnfall and 1ts 1ntensrty,
callbratlon of radar ralngauge by ralnfall telemeter, the trend
of movement of ralnlng zonee, and mutual relatlon among
ralnfall, flowrate and water level are learntd

A stuoy 1s also made on the danger of mudflow and 1ts effeot
through the - fleld data obtalned by " the 1nformat10n system.-
Based on this result,.?'warnlng can’ be given- to the 1nhab1tantsfd

in ordlnary areas by means of the exlstlng ordrnary oommunlca—;

tion system.

For the 1nhab1tants in hazardoue areas, however, an: evacuatlon‘
warnlng 19_1ssued dlrectly through a speaker 1n the fleld vra
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the radio circuit of the warnlng system in order to issue the
‘warning ‘without delay.

Ag mentioned'béfofe this system comprises varoius Subwéystems
and its full function will be’performed by making the organic
and effectlve comblnatlon of these sub systems, " This system is
composed of ‘the follow1ng.

(1) Informatioh system

'()i“RalnfalJ Observatlon System

Small radar ralngauge and ralnfall telemeterlng system

"C)‘_Wétexmlgve; Observation System

.jWaterQléVQl telemetering system

(Du"Mudflow Observatlon Sybtem

Mudflow senalng equlpment and Vlsual mudflow measurlng.
equlpment. : '

(2) Infofmétioh Procéssingjsystem-.

ﬁg Center

|.a

()._ihfoFﬁation P:CCgss
'.(é)l?ublic 1nf6rﬁatiQn.Syétem.
C) Warnlng System
Warnlng equlpment .:;
a.1.1 ‘RAINFAi;L OBSERVATION SYSTEM

(l) Small Radar Ralngauge_,

To observe ralnfall by 1nsta111ng radar at the Center to

make wide and 1nstant ralnfall observatlon is very effective.,



(2)
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The features of rainfall-oseerﬁatieﬁ‘by.radar ére:

(:)_“Rainfall_in ?~?iq¢.3?ea;¢ah_be:0b3¢tV¢d-:

(2)}LRainfall is clearly shown on the CRT display anddehe
sitvation can be confirmed by v1sua1 observaton.

€©) Rainfall in part areas can be clearly.deﬁined.‘_:

@ Furthermore, since the. movement of ‘partial: rainfall
can be observea, ralnfall in frequent mudflow areas
'Can be’ easxly forecast. ' o

(:)_ VariouS'rainfall“defe iéUEEered on . ﬁayhetic”tépe?ahd_
reproduced at a -later date to study the mechanism of
mudf low.

_Rainfall Telemeterxng System

Besides confirming the rainfall forecasts and movement

" with a small radar ralngauge, a greund rainfall telemeter
' 1s installed to compare data with the ground raingauge

which is installed at main points and so improve the
accuracy of rainfall data. | : . L

It is also known és"a.back-dp'3ystem'te=the:small radar

raingauge.

Center where the data is analysed and then printed by
typewriter. :

'The rainfall data is processed by the telemetering super—

visory equipment installed at the Center._ The rainfall
gauging station at each spot is called automaticaily at
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set times by the telemetering supervisory equipment which

collects the rainfall data from the stations.

Manual observation is also possible at any time desired
othér than the set times. .

When rainfall occurs at any of the rainfall gauging
stations data is automatically sent to the Center, so that
it can be promptly confirmed and this facilitate the issue
of mudflow warnings, |

2.1.2  WATER-LEVEL OBSERVATION SYSTEM

(1}

Watét—level'Télemetering'System

‘The main cause of mudflow is considered to be due to
‘rainfall. For this reason, small radar raingauges and
‘ground raiﬁgaﬁgéé’éonfirm the conditions of rainfall and
“{ssue a warning for mudflow in advance. |

Furthermore, it is necessary to recognize the water-level
rising conditions of main rivers. '

With the increase of rainfall, floods as well as mudflow
inflict a great amount of damage. Early knowledge of
£106G water-level is the most important part of the
nudflow warning sYstem. 'The.wafér—leﬁel'gauging stations
installed on main rivers automatically record and store
the changing water-levels on the record form and sends out

the information to the Center.

It-ié'not only sent out on demand by the Center but also
automatically when the water-level at the station reaches
the preset flood warning level.
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2.1.3  MUDFLOW OBSERVATION SYSTEM ..

(1) Mudflow Sensing Equipment

-~ The main purpose of " this equipwent isi to sense the
'occurrence of mud€£low and transmit the information to the
Center. ‘ C ' ' ‘

This equipment is installed at the main spots wheére
mudilow 1§’ likely to octury . i S .

Mudflow causes strong vibrations as well as a flow of
earth and rocks according to-the- size of the ‘mudflow.. . The
vibration is caught by this equipment and the informatien

is transmitted to the Center by radio to notify the o6~
*currence of the mudflow. - ' BRI . o

At the Center, the informatlon is automatically received
"and the GCCurrence of mudflow is confirmed, rec0rded and
stored on the record form.

This w111 make a more. effect1ve system when used in o
combination with the v1sua1 mudflow measuring equipment
which will be desctiped;in thﬁaFOl}OwinQ_Eﬁ?aqgappg,, )

(2) stual Mudflow Measuring Equipment

" In most cases ‘where mudflow OCOurs: causing dieaeter, the
condition of the disaster ‘s only COnfirmed after the
event.: : ' cle SRR ‘ Can

1t will be difficult to direotly face the enormous energy.
" of mudflow due to" various limits..ué~4 Pl o S
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Even if the field of the disaster is pinpointed, it will

be difficult to record the movement of mudflow as only a
still picture of the scene can be taken.

1t is very important to catéh the dynamic form, size and

intehsity:of'mudilow for a mudflow warning.

It is dlso very important'to study the relations of rain-

-faiij'fopoétaﬁhiéal factors, condition of occurrence of

_mudflow.and its size, and to improve the accuracy of fore-

casting mudflow occurrence. Moreover, it is important to
ébtaiﬁebaéic‘déta’of'civil'éngiheériﬁg countermeasures and
feed thém back to ‘the basic design of civil engineerlng
structures.

After ‘the aforesaid mud£low sensing equxpment catches the

_V1bration and notif1es the Center, this equlpment will
“theh transmits to the Center the color pictures by radio

™' transmitter. whlch are taken by a TV camera remotely
switched from thé Center showing the situatlon of the -
mudflow at a predetermined camera angle,

At the Center, the color pictures are monitored on tele-

2.1.4

(1)

vision as well as recorded and stored on video tape.
From an academic Standpéint too this is inportant material.
PUBLIC INFORMATION SYSTEM

Warﬁing System

In case of the Center judaing the danger of occurrence of
mudflow based on the various data obtained from the rain-
fall observation system, water-level observation system



and mudfloW'observation systeﬁj"it'reQuires'a warning
_system to notify the local population for 1mmedlate
evacuatlon..:-

Issuance of an evacuation warnxng is dOne manually
accordlng to the Judgement of the Center. L

The warning etétien”is“instailed'in places where the
ex1sting ordxnary COmmunlcatlon system cannot 00ver, :
selectlng dangerous areas of mudflow and fully study1ng
the number of residences.:_

At each warnzng station, a speaker is installed on top of
a mast to notify the evacuation warning through the

speaker.

In the event that an evacuatlon warnlng is. 1ssued to. the
whole area where the warning stations are installed, a11
the statlons will make a whole area warning. Depend1ng on
the condltlon of rainfall, the warning may . be issued to
only part of the area, therefOre, an indzvxdual area '
warnxng system is also employed.x- '

PR
H Y
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System Equmpment

.2 Composltlon of Mudflow Warnlng

Item No.

. Déécxiptibn3 

No. of ﬁﬂi£s ;.

.'RéﬁérRS"

1.1

(W

@

&)

Information processing system

Information prbceséing center

Small radar raingauge

(2}

Telametering superv1sory
station

Vlsual mudflow rece1v1ng
.statlon

Warning cortrol statidn

set
set

station

‘gtation

‘station

station =

—_—

2.1

2.2

2.3

Informétioh;syscem 

- Rainfall observétioﬁ systém.

_(1) Telametering monitorlng -
tation

(2) Telemetering rainfall
' gauglng station

(3 Telemetering repeater ;f
stacion s

RE Water—level ObSbfV&thR system;i-:

' _(l) Telemetering water~1evel '

gauging station :
Mudflow observation system
(l) Mudflow sensing ‘station

(2) Visual pud £1low measuring
station . :

(3) ﬁudflow repeater statxon

set

set .

stations -
stations =

_station

“stations

set’ .

statibnsf -

stations -

statlon

Efg'q9 !!?;<>T3'j$%;CP3;}3~_.

3.1

Public information system

Wa;ning 3ystem-i‘.

:(l)iWafning station

(2) wéfning repeaterzstaﬁion_

19

ey
‘set
stations

st’atioi;’ .

2% |
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P 20 BAND;_CGHHUNICATION-.S§STEH3\1N LUMAJANG

 TABLE LIsT

STATION NO.

NOTATION
_NO.

STATIOH

| PREQUENCY

ELANG

|

:PENDOPO -

" ELANG

1T

z}mmA-

ELANG

11

':SOSPOL

81.7 MHz

STAGA

1

" SIAGA

1L

] Mol evie

'1RUMAH SAKIT uuvn
"POLRI L

" FM 20 BAND

SIAGA.

tIr

2

T e sw&ua

STAGA

v

- 10,.

PROYEK SEHERU

STAGA

v

14

'CURAH KOBO*AN K

ST

v

BESUK SAT

STAGA

1V '

E

PENCAIRAN SEKSI

STAGA

o

B b RS

"RERTOSARI

80.5 WMz

SRITI

1.

'x-KEC.ixoTA%-£-==':_m3

SRITL

11

*lxgc.}suxonono

~ SRITIL

1941

'?Kgc;:ssnnuao

'SRITI

w

TR

KEC, GUCIALIT |

"'SRITI

v

K. @

AKAH

SRITI

TR

- KEC;-RAHUYOSO

SRITI

Vi1

-KEG;fRANDQ”AGUNG

© SRITI

VIII

2

~ REC.” PASIRIAN ;;‘ :

' SRITI

X

17

| KEC. TEMPEH

SRITI

. 20, .

'fxsc._CANDIPURo

SRITI

X1

19

‘ REC. PRONOJIWO

SRITIL

XI1

:?_gﬁd;:yosowlnancun

SRITI

XIIT

REC, JATIROTO

SRITL

X1iv

_ KEC, KURIR'

SRITI

v

KEC. TEKUNG

SRITI

XVl

kab;_TEnPER SARI

: 31;§:Hﬂz

15

- P,T.P, KERTOHONO

P,T. P. KAJARAH

39w
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" 2.3 Radio Frequency Plan oo
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| |Small radar
S _ I raingauge
Rainfall observation system |
Water-level observation l
system =
. S P, - 1 |Telemetering
HudeOH_Qbservggion system ~ P ‘ ! supexrvisory
‘ ' ’ Py F, | |station
¥ : : I
Repeater .p,'
station |
i
1
| .
. |
Lt Py ! Haming
Warning system T4 control
L ] station
Fy T Fa/ |
F, Repeater Fs!
station _ ]
| I
A
L
|
I .
IVi]_
Visual mudflow measuring P L] :;i.=
' system {4 Dudilow
' : | _receiving
‘station
F, Ts Information
: Processing
M2 by Repeater
Fz, F3 .1-c.- 70 MHZ band - .
2 ‘frequencies station
F'.’ Fs . tetne 70 HHZ band
SR . 2 frequencies
‘Fe, Fry Fgeieo. VHF TV band
B S ~ 3 frequencies
-+ Total . . 8 frequencies .
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3. INFORMATION SYSTEM (Data Collection)

3.1 RAINFALL_OBSERvaTloustSTEM

In order to collect rainfall, the maln cause for mudflow, as ;

'qU1ckly and accurately as. poss1b1e,_a small radar ralnguage
sdited to obtain a wide range of rainfall, and rainfall tele»‘
meter1ng equxpment for actual gauglng of rainfall are 1nsta11ed.

3.1.1

Small Radar Ralngauge

This small radar ralngauge is 1nstalled at Lumajang, and

"observes . ralnfall which causes mudflow. The range of -

observatxon is within a radius of 40 km from the radar

‘site 1n the center.

'ObservatiOn of fainfail by radat equiﬁaent'catchEs'

momen- tary area rainfall within a range of view and
prOvides abundant data.

This data is calculated'by a“COmputer and the results of -
the calculation are d1splayed on the CRT display as
grcwth and movement of raining zone to dangerous zone of
mudflow, accumulated rainfall in the specifxed basin and
intensity of rainfall to help fo:ecast1ng the oeccurrence

. of mudflow.

In the case of a small radar raingauge installed at

Lumajang, the. range of - observatlon of: rainfall is within_
a frame on the map (within thick line)

This range of observation is divided into aréas (mesh)

of 250 m from east to west: and 300 m fron south to nOrth
and the inten31ty of rainfall 19 calculated for each
mesh by radar signal and is displayed on’ the CRT display.



-~ The display inéludes the following pictures.

.(1)

@

Display of the condition of rainfall in the whole
observation range. -

(80 km x 60 km) SCALE I

Display of the intensity of rainfall in the specified

area,

(40 km x 30 km} SCALE IT

ey
o Sﬁédifiedirivet basin. - _
{20 km x 15 km) SCALE I11

@

,ﬁispléy éf:énlarged rainfall inténsity in the

Display of basin mean rainfall (Part 1) to display in

graph of 10 minutes and accumulated téihfall in the

5y

specifiédhriver basins for the past'é_hours.

'Display “of basin mean rainfall (Part 2) to dlsplay in

'ff*graph of 1 hour and accumulated ra1nfa11 for the past

;748 ‘hours.

ai}Thé*diSplhy'pictures can be repeatedly reproduced as
- required and are recorded on a floppy disc for long term

ffile.

'5ffThé:inEéﬁ§ity'of'heavy rain on the radar raingauge is

“calibrated by the ground raingauge data collected through

 "-‘Ttelemetering system,

f?Thé‘Smalifradar raingauge basically comprises aerial
Tequ1pment, transmitter receiver equxpment, signal
'processor equxpment CRT display and hactd copy.
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Radio wave emitted from radar aerial is reflected by rain,
.buildings'and'mduntains'Within the observation range of
360 around and theé reflected signals are caught by the
receiver with varied intensity.

Signals measured at the receivér are removed of any
unnecessary signals for observing rainfall with a signal
‘processor. ‘' Then they are"célculated/proceSSed for the
intensity of rainfall per hour according to the intensity
- of 'the signals. They are displayed in color as patterns
of raining zone and_éharactérs of the intensity on the CRT
aisplay. Also on the picture; a map is shown in the

~ back-ground as required, to enable easy determination of

| the size and direction of rainfall for any observer.

Also,; accumulated rainfall in thé'specifiéd basin is
displayed to make up the highly accurate system of fore-
casting mudflow.: For imprbving the accuracy of the
system; data is stored in magnetic discs and necessary
pictures can be immediately taken in hard copy.

 3.1‘2 Rainfall Telemetering System

Rainfall data is collected automatically by controlling
the rainfall gauging station ftom_thé Center and by col-
lecting the faihfall measured by the tipping bucket type
raingauge. '

The collected rainfall data is calculated/processed to
" guit the judgement of the conditions of rainfall and
recorded by typewriter. '

Calculation/proceéainé is done to obtain the intensity
and volume of réinfail for every hour (10 minutes, 30
minutes, 1 hour and 1 day) and accumulated rainfall from
start to
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end of the'réinfall.: Monitorxng 1s carried out for ex-
ceed1ng the preset value.; ‘when danger. is detected,
warnlng ‘is issued to. notify the operater.."

Data processed/calculated is SOrted for each stat1on and'
automatically recorded by typéWriter.. o

An automatic startlng system from the ganging statlon is
. ‘also installed, and information is automatically trans-f

" mitted to the Center when the gauging statlon detects the
' start of rainfall.“_-' o -

Upon rece1pt of the signal, the Center collects data from
-all the sLations of the. gauging station and f1nds out from
the stations where rainfall has started.. Then the obser-
vation interval is automatically switched to. 10 minutes
and data is continuously collected to. the ‘end of the .
‘rainfall. . '
Calculation/prdéeésiﬁg )
@ 1 minutes rainfall . . ..
30 minutes rainfall
Hourly rainfall
Daily rainfallr

Continuous rainfall

®@ @ @ 0 6

Judgement of rainfall alarm =~ = = .
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3.2 waTEg;pEvEL OBSERVATION;SYSTEM

Occurrence 6f heavy rain’ and mudflow greatly affects the water
level® downstream. A water- level telemetering system is in-
stalled to m0n1t0t the changlng conditzon of the water level
and danger0us water level, '

3 2.1 Water level: Telemeterlng System

Collection of water level data is carr1od out by con-
trolling the water- lcvel gauging statlon from the Center
and‘by‘éutomatically collectiné water-level data of rivers
measured by water-levél meter; ' '

Collected water- IGVel data is SOrted for each statlon and
recorded by typewriter. ‘ ' '

The gauqlng Statioh also mcniiors'wﬁétﬁéfithe'ﬁatér level

- of rivers has exceeded the presét-élaim'léVél'éﬁd if ex-
ceeded, information is automatically trahsmigted to the
Center. ' ' '

wWhen this infotmaticn is reCeiQed.'the cenfét collectS‘
data from all the stations of the gauging Station and
sends out a warning to the operater when, the station ex-
ceeding alarm water-level is, found.k Then the recbrd is
typed in red for easier identification. ?if ;
The interval of observation is then automatically switched?
to 10 minutes and a careful collection of data is con-g
tinued until the warning of the water level is released.

Calculaticn/prdceQSing

(1) Judgement of Alarﬁ Qatérflevél"
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3.3 MUDFLOW 'QE'S_ERvAT 10N SYSTEM S

A v1sua1 mudflow monltorlng system for monxtor;ng the condit1on
' of mudflew at the Center 1s 1nsta11ed by comblnlng mudflow
senSLng equxpment to catch occurrence of mudflow and to com~
munlcate to the Center.- ) '

3,3.1 Mudflow Sensing Equxpment

A vibration sensor detects vlbrations travelling under—
ground due to the occurrence of mudflow and 1n£orms the
occurrence of mudflow to the Center.;.. e

A disconnecticn switch 15 also used to make sure of
detection. Upon receipt of the infotmation, the Center
notlfles the occurrence of mudflow to the operator by
soundlng a buzzer and records the date and place of
occurrence with a typewrlter. '

The muﬂflow sens;ng equipment can connect up to 3 sets _
'of vibration sensors and cables can be extended up to 1
km from the main body, therefore, the main body can be
‘placed in a safe zone. ' : '
The vibration detectlon 1eve1 can be 1ndependent1y set
for each vlbratzon sensor._ The range cf settinq for the
level has two staqes, 0 “ iO gal and 0 -3100 gal. ;

Where all 3 sensors detect vibration cver the set value '
(1oglca1 AND) or where either one . of sensors detects ?
vibration over the set value (logical OR}. )

3.3.2 Visual Mudflow Measuring Equipment

The flowing COndition of mudflow is taken by color Tv _
cameéra and the pictutes are’ monitored on a Tv set 1n_.%f-
real time. The pictures are also recerded by VTR as

required.
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Starting/stopping of the TV camera and transmitter is
controlled remotely from the Center.

- whéﬁ_heavy'rain is observed on the upstream by a small

'  :adér réingauge or the rainfall telemetering system or a

. defeétipﬁisidnal is received from the mudflow sensing
station, the operator at the Center manually starts the TV
_céméxa and transmitter by remote control and the field
pictﬁres are monitored on the TV set. |

'The hécessa:y pictures'are recorded by VTR and by repeated
reproduction they can be used to study the conditions of
the flow-down.
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4. PUBLIC INFORMATION SYSTEM

| A speaker warning station is installed to inform the inhabit-

ants of a mudflow danger zone immediately of an occurrence of
nudflow.

Communication to ordinary areas is carried out by the existing
ordinary communication system,
(1) Warning Equipment

The warning is broadcast to the inhabitants through
speakers at each warning station controlled by the Center.

The warning'stations are divided into 3 blocks by river
' basins and group control can be done for each block.

‘_Bréadcastinq is carried out by radio with prerecorded tape
or through microphone at the Center.

A warning tone through the speakers, can also be controled
by the Center.

Further,; the Center automatically checks the condition of
the warning stations once a day and the results are re-
corded by typewriter. ‘
(2) Items of Control
(@) Broadcasting of warning tone
f_':f(:) Stéxting broadcast

Broadcasting through microphone
. Broadcasting by tape
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Stopping

©)
(@) ‘rest
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"5. COST ESTIMATION OF MUDFLOW WARNING SYSTEM EQUIPMENT

i

Iﬁém No;‘

iDescriptiQn No. of Units Rmount {C.I.F.)
Lo : . : {10%¥)
1. _ Informatxon processing system 1.set.
1.1 - Information Process1ng éenter_ l-sét _ .
' (1) Small radar raingauge 1 station 143,000
(2) Telemetering superv1sory °_l station 80,000
station 1 S _
(3) visual mud flow recelving 1 station 18,000
‘station ‘ _ = : :
(4) Warning control station . |1 station 53,000
2. Information system {1 set
2.1 |Rainfall observation system - |1 set
o {1) Telemetering monitoring 2 stations 50,000
' station LT '
(2) Telemetering tainfall -S_Stétiohs‘ 61,000
- gauging station ' S ‘
(3) Telemetering repeater 11 station 19,000
station- ' 1 '
2.2 Water-level observation system 1 set
(1) Telemetering water ~level 0 stations 160,000
‘gauging station. _ : :
2.3 HMudflow observation systémff'7 l.set o
(1) Mudflow sensing station |3 stations 67,000
(2) Visual mudflow measurxngf 2rstat10ns 99,000
station o o
{3) Mudflow repeater stationi |1 station '145;00@‘
3. Public ihformatibn'system j' 1 set
3.1 Warning system _ ' 1 set | .
(1) Warning station ™ 19 stations | 147, 000
(2) Warning repeater station |1 station . 19 000
Total.f 962:000
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