2.3 SEDIMENT DISASTERS
2 3 1 VOLCANIL ACTIVITIES AND DISASTERS

Sedlment disasters in the Study Area can be classified into
primary disasters caused by the direct movement of volcanic
‘ejecta from Mt. Semeru's activities and secondary disasters
caused by the shift of this ejecta by rainwater.

The activities of Mt. Semeru have been recorded since 1818,
Accordihg to these records, M;} Semeéru has not been gon-
tinuously active since 1818 but active and dormant periods have
appearéd*in turn. It is presently in the midst of the active
period which started in 1940 and volcanic activities are
continuous with small eruption with explosions seen almost
everyday. Occasionally, it ejects lava and nue ardente which
flow ‘as far as the piedmont 10km away from the crater, causing
damage. to forests, coffee plantatiqps and agricultural. fieldé.
This is called a primary disaster and areas which are subject
to this possible direct attack from the crater are currently
designated as non-inhabitant areas.

As primatYVVOlcanié products which are ejected from the crater
and deposited in valleys are loose and unstable, rainfall can
easmly stimulate their coilapse resulting in a debris flow
called lahar whlch may eventually flood on reaching a fan, thus
causing extensive damage. This phenomenon is called a secon-
dary'disastet. There are two types of lahar, i.e. hot lahar
where hot volcanic ejecta._floWS down after a short deposit
peridd and cold lahar which £flows down after beconing cold.
The occurrence - of 1lahar is obviously frequent “during Mt.
Semeiu'sr active periods, verified by the records of past

disasters.

Accordlng to these records;:Mt. Semeru's crater used to face
east but now faces the southeast or south supplying sediment
-in that dlrectlon. - This is the reason for the frequent occur-

rence of sedlment dlsasters recently seen in the K. Rejali and
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K. Glidik basins. The distribution of the past .sediment

disasters is shown in Fig.-2.13. The latest large disaster

occurred in May, 198l. The damage to people's lives and assets
in the Study Area caused by this disaster were very extensive,

as can be seen in Table~2.7.

2.3.2 DISASTER COUNTERMEASURES

Countermeasures which are classified as. emergency measures,
short-term countermeasures and long-term ccuntermeasures_ have
been prepared with the Mt, Semeru Project Office as the main
promoter against a possible sediment disaster caused by the Mt.

Semeru.

(1} Emergency Measures

When lahar suddenly occurs and attacks the inhabitants, the Mt.
Semeru Project Office conducts the following activities = in
cooperation with other related local administrative organiza=-

tions.,
- Warning of lahar to the inhabitants.

- Protection of communities from lahar by the construction of

temporary dikes.

- Evacuation of the victims to safe places,.

(2) Short-Term Countermeasures

The following operations are carried out as urgent short-term

countermeasures.

- Monitoring of Mt. Semeru's volcanic activities,

- Monitoring of lahar floods. |

~ Setting-up of possiblé disaster areas (refer to Fig.-Z.ld).r
~ Setting-up of warning systems. |
- Setting-up of places for evacuation,

-~ Emergency constructions,

- Rainfall observation.



Table-2.7 The Victims and Casulaties by Lahar in May 1981%

Ho. Victims & Casualties Items Unit Amount: Hote
1 MHan Died . Person 257
Missing Person 112
Serious injured Persom 42
Insured Persoun as
2  Wealths & Houses . Piece 535 destroyed
Properties Rice field Ha. 539 buried
Rice field PII- Ha. - - buried
Dry fields Ha. 43 buried
Yards Ha. . 27.61 buried
3 Plants Coffee Creaes Ha. 115 destroyed
Coconut trees Piece - 80 destroyed
Rice plant Ha. 140 destroyed
Other Ha. 25 destroyed
4  Ecouomical and , Intake gate Ha. g destroyed
Agricultural ‘Channal . Piece 1 - buried
Facilities Road K 2.5 buried
Bridge Piece 2 buried
Check Dam Piece 6 1 serious
: . . damaged
River Bank m 680 destroyed
Telephone - _
network - ©om 8,000 destroyed
5  Buildings Mosque Piece 1 destroyed
Madrasahl) Piece 1 destroyed
LanggarZ) Piece 2 destroyed
Schools Pieca 1 destroyed
6  Domestic Animals Cow 58 destroyed
Goat 117 destroyed

Chicken 336 destroyed

1) . School of moslem, teaching general educaticn and religion, commouly
elementary schools level ' ' '

2) . Small mosque.

*)  Source: Statistic Service Report of District of Lumajang
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{3) Long-Term Countermeasures

The Mt. Semeru Project Office has prepared a Master Plan to
achieve the prevention of damage to human lives and the mitigan
tion of damage to assets in a long-term perspective and is

constructing various urgent facilities.

By 1982, the construction of 6 sabo dams and:one conseolidation
work as well as dikes at about 30 locations, etc. were

completed.
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3. VOLCANIC DEBRIS CONTROL PLAN

3.1 BACKGROUND

3.1.1 'EXISTING MASTER PLAN

There exist Sabo maétér plans prepared by the Government of
Indonesia (the Existing Master Plans) for the area covered by

the Study. These master plans were prepared before and after
the great disaster of May, 1981.

The Existing Master Plans aim at improving the socio-economic
situation in the disaster area through construction of multi-
purpose facilities and establishment of warning system.

3.1.2 REVISION OF THE EXISTING MASTER PLAN,

The Existing Master Plans were reviewed by the Stﬁdy Team on
the basis of new survey data including ‘the disaster in May,
1981 fop the main purpose of the selection of priority projects,

As a result of review, problémé in the Existihg Master Plans
were identified, modification in the sediment control plan and
the warning system plan was proposed as discussed in the
cnaptér 3, 4 and 5. Pfeliminary-'plan of water resources
development through multifpﬁrpose facilities was also proposed

as desctibed_in the chapter 6.

The revisions for the Exsisting Master Plans (the Revised
Master Plans) were proposed. The outline is shown on Table-3.1
and Fig.-3.2. Principal proposed revisions are summarized as

follows:

(j) In. the- Existing Master Plan, désign sediment volume is
rather hypothetically calculated, and simply shared to the
storage volhme of facility. 1In the_Revised Master Plans,

~however, it is computed using.the'sediment runoff-control
.simulation"model based on the hydréuiics of sedimént
ransport and affect of-faCility is sought by totalizing
the sediment volume allocated to each sediment control



function of facility computed by the same way.  Such
sediment control functions as sediment yield suppression,
sediment runoff regulation, sediment runoff storage and
sediment transport adjustment are employed. Refer to
Fig.-3.1. '

(:) Proposals for the reinforcement of warhing-- system
comprised of: i) information gatheéring - system, :ii)
information processing system and 1iii) public'information
system are offered. Latest electronic devices are

introduced to improve the existing warning system.

() Water resource potential are studied and preliminary water
resources developmeént plans are proposed.

Regulation-of run-off sed.i::ent.

Dike and Excavation Design riverbed

. Adjustment of sediment
transport{ Improvement \i

of stream capacity) Suppression of sedimentary yield

Storage of run—cff sediment

Fig.-3.1 Sediment Control Function
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Table-3.1 Proposed Revisions for the Existing Master Plans

.Proposed Revisions

Ttem Existing Master Plans
Objective To protect the disaster area from No revision
Lahar disaster and to imprave the
socio-economic condition,
Diaasgér prevenw- Areas along the river channel. Identify possible disaster areas,
tion area : Areas are classified into 5 groups.
‘Magnitude of K. Mujur 50 years
‘plan K. Rejali 70 years 100 years
: : K. Glidik 2 years :
besign reference Not established - One sabo reference point and
point supplementary reference points
: are established,
Sediment volume K. Mujur 10,144,000 m3. K. Mujur 5,040,000 m3
dealt with by K. Rejali 8,500,000 m3 - 5,220,000 m3
the plan K. Glidik 4,400,000 m3 4,500,600 m3
_ R. Mujur ' K. Mujue
Sediment | Sediment control F3 by check dam and sand pockets, Fl .and F2 by check dam
control functlon : F3 by sand pocket
plan Fl: Sedlment Yield F4_by dike and etc.
7 "Suppression - ’
FZ: Sediment Runoff K. Rejali K. Rejali :
.. Regulation F3 by check dam Fl and F2 by check dam
P3: Sediment Runoff F4 by channel work F3 by sand pocket
: Storage i F4 by diversion channel and. etc,
F4: Sediment . -
Transport E. Glidik K. Glidlk
Adjustment Fd by embankment FY and F2 by check dam
o F4 by dike
Facility K. HMujur K. Rejali- K, Glidik |'K. Mujur: = K. Redali K. Glidik
Check dam _24:uhita 5 upits 0 11 units -9 units .5 units
Sand pocket 1unit . 0 0 3unit’ - luntt 0
Consolidation dam | 4 units 0 20 units | 12 units 22 units 0
Dike 5.0 km 0.6 km 4 km 8.8 km 9.5 km 9.6 km
“Spur dike 0 12wnits 0 0 0 o
Channel work 0 9.5 km 6 ¥m 0 0o - 0
River excavation | 0.6 km 0. 0 6.8 km 0 0
Divéraionrcﬁanﬁgl e - - - 1 unit -
Construction cost |K. Mijur K. Rejali = K. Glidik | K. Mujur K. Rejali K. Glidik
(Maintenance Y 9 5 3 3 ™9
cost/year) Rplo 9x10 Rplﬁ 9x10 - Rp8.9x10 Rp32x10 Rp33x10 Rp23x10
oy (RpO 05xlo } (Rpo,lxi'og) (Rp0.0GxJ.OgJ RpO.Mleg) {0)
Construction . K. Mujur K. Rejali K. Glidik | K. Mujur K. Rejali K. Glidik
term ' - : : : - : :
' 10 years ' 10 years 10 years 15 years 20 years 13 years

Warning”éyétem

_ Neceagity Ffor reinforcement of

information collection system and’
telephone communication system
is indicated.

Reinforcement of the following

warning systems wasg proposed
Information collection system
Information processing system
Public information system

Preliminary water conservation plan
in- K. PRejall including the K.
ILengkong fan is proposed.

Hater conservation Not menticned.
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3.2 SEDIMENT CONTROIL. PLAN
3.2.1. BASIC ITEMS OF SEDIMENT CONTROL PLAN

(1) Purpose of Plan

The sediment disaster around Mt. Semeru is classified into
following two types; 1 Primary disaster caused directly by
the volcanic eruption activitiés. .2 Secondary - disaster
-caused by debris flow WHich originates due to a heavy
rainfall. -S8ince almost all disasters in the study area are the
secondary disaster, objective of this sediment control'-plan
lies in . preventing . and mitigating the damages from the

secondary disaster.

(2) Disaster Prevention Areas

The disaster prevention areas covered by the sedimeht control
plan are the possible disaster areas (Fig.FB.i)'prepared by the
Study on the baéis of the past disastef ‘records and the
topographical conditions. Such informations oh the diééster
prevention area of each basin as Kecamatan and Desa,
properties, assets, inhabitants and etc. are shown in Table-3,2
and 3.3.

Pable-3.2 Kecamatan and Desas in the Disaster Prévention Areas

Basin Name of Kecamatan Name of Desa
Pasirian ; © Nguter, Selok Awaf-?, Madu
' Rejo, Semeru -
K. Mujur Tempeh . '~ Jastisari, Lempeni,
'~ Pandawangi, Gesang
Candipuro _Penaggal, Kloposawit,
Tumpeng, Sumber Mujur
Pasirian Kali Beno, Bades, Madu Rejo
K. Rejali Candipuro Jarit,. Jugosari, Sumberejo,
: Sumberwulub, Tambeh Rejo
Pronojiwo Supiturang;_dro4otq Ombo
Pronojiwo Sidomulyd, Supiturang,
Tamanayu . .
K. Glidik Tempursari ' Kulinlingsari, Tempurejo,

Purorejo, Togalrejo

Ampel Gading aAmpel Gading
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Table~3.3 Properties in the Disaster Prevention Area

Item Unit K. Mujur K. Rejali K. Glidik Total

Buildings house 46,013 3,226 1,287 50,526
(4,345)

Cultivated ha 14,290 1,260 389 15,939
flelds _ (L,637)

Animals head 243,465 11,073 4,923 259,461
: (27,953)

People person 201,662 14,797 6,237 222,696
(19,644)

area  km? 207.1 40.5 17.6 265.2

(28.7) - '

( ): After the completion of the Urgent Rehabilitation Project

(3) Magnitude of Plan

The magnitude of ‘plan is determined " to be lOO'Iyear~ré£urn
_period so that the plan is technically and economically
feasible and the past tragic disaster never repeat again.

(4) Design Reference Point

One design reference point and several design supplementary
reference points were set up in each river basin as check

p01nts to determine sediment volume to be controlled. Refer to

F19.13.2.

(5) Design Sedlment Volume
The - de51gn sedlment volume to be controlled. for each basin was
established as: below, on the basis of the result from sediment

runoff-control simulation.

- K. Mujur: - 5.0 x 106m3

- K. Rejali: 5.2 x 10%m°

-~ K. Glidik: 4.5 x 10°n’

* Not "included ‘runoff sediment from the right branches K.

Glidik and K. Manjing of K. Glidik.



3.2.2 SEDIMENT CONTROI. FACILITY PLAN IN K. MUJUR

K. Mujur is not so active as K. Glidik and K.‘Rejali and low in
" occurrence frequency of sediment disaster because the crater- of
Mt. Semeru is faced to the south direction, i.e. to the
direction of K. Glidik at present. However once breakings or
land slides take place at the upper stream of BS. Sat, BS.
.Tengah and BS8. Tunggeng, flood erodes and washes away the
sediment to' the alluvial fan area and finally causes a big

sediment disaster.

In the left bank area of the K. Mujur, there are Kec. Lumajang
and Kec. Temph where many properties are concentrated. Tn the
past, sediment flooded to the direction of these towns and gave

big damages.

In the FExisting Master Plan for K. Mujur, all the design
control sediment is to be stored in the check'dams_and sand
pockets planned. However, since the storage-capacity_will be
exceeded with harmless sediment in a few years if no rémo#ai
will be carried out, it 1is unreasocnable to adopt an only
storage system as sediment control system. '

Accordingly, the construction order and sediment control system

should be as follows. Refer to Fig.-3.3, '

- The first step of the sedlment control is urgently to take
measures to prevent flood to Kec. Lumajang and Kec. Temph

- The second step is to regulate runoff sédiment and  to
suppress .sediment yield of riverbed deposit at the upper

stream region to prevent sediment flooding at the- Des.

Keloposawit region.

- The third step is to store runoff sediment at the region
between Des. Keloposawit and Des. Karancolic to prevent
sediment flooding in the'fan.area. Besides, river channel
improvement works and embankments should be carried out in
order to prevent flooding at places where the river bends,



- The fourth final step is to carry out protection work for
intakes at the time when the riverbed beings lowering
because of sediment control facilities in the upper stream.

In accordance with_thé above considerations, sediment control
facilities in_K.-Mujur are planned as shown in Table-3.4. The
sediment volume to be controlled by each facility is allocated

on the basis of the result from the sediment runoff-control
gimulation.

Lahar fon : tahar fan Ladu Voicanic

Periphery, { Genlle siope) ' {Steap siopel fan , cone

|

l Dike,river excavation
I

Consolidation dam J " . Sand pockel Checkdam

‘Fig.4§.3 Schematic Drawing of Sediment Control Facility
| in K, Mujur '
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3.2.3 SEDIMENT CONTROL FACILITY PLAN IN K. REJALI

Large quantity of sediment is discharged from the upper stream
area of K. Rejali basin because the area consists of Curah
Kobo 'an exposed to direct sediment yield from volecanic crater
and Curah Lengkong with a large-scale breaking area. Therefore
recently (since 1946) sediment flood .takes pléce in the
alluivial fan area almost once every 2 or 4 years. And the
river channel alwéys changes 1its position in this fan area.
These characteristics indicate that the K. Rejali fan is just
in the midst of formation and very active. |

‘In the Existing Master Plan for K. Rejali, 30% of runoff
sediment are to be stored in check dams and the rests are to be
flﬁshed out to the sea through the channel work designed along
the old K.. Réjali river cdurse in the center of the fan,
However, it seems technlcally dlfflcult to flush 70% of runoff
sedlment out to the sea at a stretch.

Accordingly, the construction otder and sediment control system
should be as follows. Refer to Fig.-3.4.

- As the first step of the sediment control plan in such an
' active fan,; it is important to reduce sediment inflow into
the fan. Sediment yield. suppression and sediment runoff
regulation shall be performed at the deep valley in the
.upper'stream from gulch of the'K,'Curah Kobo'an., However,
there are not enough check dam sites to control whole design
~ sediment ﬁolume_ in the K. Curah Kobo'an. Therefore, ‘the
_diversion channel shall be planned to .transpott sediment
“from K. Curah Kobo'an to K. Lengkoﬁg. '

- As the seéond step, fixation of the river course, conversion
of sediment flow type and storage of runoff sediment shall

be performed at the head area.

- .As the thifd step, the ioCal " flood at the fan and more

'dbwnstream area shall be ptevented effectively.



- As the fourth final step, after the riverbed in “the fan is

lowered to the desired level as a result - of

above-mentioned countermeasures, the river course and the

riverbed shall be fixed.

In accordance with the above considerations, sediment control

facilities in K. Rejali are summarized in Table-3.5.

Lahor fan Lahar fan Ladu Volcanic .
Periphery (Gentls slope) {Steep slope) 1 _fen_, cone ((\

G

Gulch-

Divérsion channel.

to i.Lengkong Curah Le'nq'kong

—r e .
| Uike, river excavation} Dike, .
consolidatien dam | Sand pocket Chackdam

Fig.-3,4 Schematic Drawing of the Plan of Sediment Control
Facilities in K. Rejali
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3.2.4 SEDIMENT CONTROL FACILITY PLAN-IN K. GLIDIK

The Existing Master Plan for K. Glidik was prepared only to
protect the area of K. Lengkong Fan, which ‘is an upper
tributary of K. Glidik. Overall sediment control covering the

entire basin of K., Glidik has not been planned.

There are great:quantity_of Lahar deposit in K. Lengkong Fan
area. ‘Therefore, those Lahar deposit shouid.be-suppresséd:at
the first. Secondly, sediment runoff should be regulated at
the middle reach in order to protect the'véiley«bottbm plain -at
the down reach from flooding. Refer to Fig.-3.4. '

In accordance with above considerations, sediment control’

facilities in K. Glidik are planned as shown in Table-3.6.

Valiey=- b"”""‘_ ' " Loher fon Velcumfl
Plain ' Deep valley {steepl, _y_cone

Dike J Checkdam ‘Checkdam

Fig.~3.5 Schematic Draw1ng of the Plan of Sediment
Control Facility in K. Glidik
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3.2.5 CONSTRUCTION SCHEDULE
The construction schedule of each basin is proposed as shown in
Table-3.7, «considering +the priority of basin, budgetary
conditions and so on.
Table~3.7 Construction Schedule

Sediment Time Schedule (Year)
Control Plan {lO 120 30 40

K. Mujur st _2nd 3rd 4th

K. Rejali 1st 1st 2nd,_3rd  4th
K. Glidik 1lst nd 3rd, 4th
3.2.6

COST ESTIMATION

Estimation of Project Cost for sediment control plan for each

river

tion

®

@

basin was calculated according to the'following estima-

standards. These costs are summarized in Table-3.11.

of
engineering

Project cost 1is comprised construction cost, land

acquisition cost, service cost, government

administration cost and contingency.
All costs are calculated at the'standard unit pricé as of
1982
prepared in the Study of sediment control.

December, on the basis of the preliminary design

Costs of materials, machinery and ehgineering service
unavailable in Indonesia are claculated on the basis of
CIF Surabaya port from Japan.

Table-3.8 Cost of Sediment Control Plan

Plan Cost 169 Rp
Total 1lst Step 2nd Step 3rd Step d4th Step
K. Mujur 31.9 2.8 15,7 13.0 0.4
K. Rejali 33.3 27.7 3.7 1.4 0.5
K. Glidik 23.2 5.6 8.2 6.6 2.8-
Total 88.4 36.1 27.6 21.0 3.7




3.3 DEBRIS FLOW WARNING SYSTEM PLAN
3.3.1 PURPOSE OF THE PLAN

The sediment disaster in the Study Area tends to cause a great
loss of lives as seen in the paét records of October 1976 {the
number of Victims' amounted to 119) and of May 1981 (Victims
rose to 369). Such a tragedy has an unfathomable impact on the
local society.

It would take a long period of time to prevent perfectly such a
sediment ‘disaster by 1mplement1ng "Sediment = Control Fa0111ty
Plan® shown above. Therefore, it would be imperative to carry
out the execution of debris flow warning system project along
with the sediment control plan. The debris Warning.system will
take effect 'in three years from beginnirg of the project.

The purpose of the debris flow warning system plan is mainly to
save lives from the debris flow disaster (secondary disaster),
which is caused by the heavy rainfall, by strengthening the
existing warning system.

3.3.2 OUTLINE OF DEBRIS FLOW WARNING SYSTEM
(1) Existing Watning'System

The exlstlng monitoring and warning system around Mt. Semeru
con51sts of the following organlyatlons - and communication

network.

(:) Volcanolbgical observation station; public telephone

circuit
Flood observation station; telephone circuit for the

irrigation office

() Observation branch station by Mt. Semeru Project office;
radio communication circuit.

Local -govetnment tele-communication {(L.G.7T.C.) system;

radio communication circuit.
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(:) Traditional warning system; tongtong made from hollow wood .

(i) Evacuation hill

The weakpoint in the existing warning system lies in the
information gatherlng system and 1nformat10n process1ng system
carried out by‘manpower. also the terminal warning system_ls
not effective enough to communicate to the inhabitants surely,

(2) Basic Policy of'Establishing the Warning_SYsEem

The debris flow warning system should be established by
strengthening the existing system in the following manner.

(:) Strengthening of the Information Gathering System

- Install radar vraingauges with a -'view to collecting
information over a wide area around Mt. Semeru.

- Install rainfall observation stations, flood observation
stations and debris flow observation stations at major
points in the subject area of. the Project.

~ Install telemeters at the observatlon statlons and introduce
radio communication between the observatlon statlons and the
central monitoring station  to overcome problems resulting
from the cable telephone circuits. '

(i) Supplementing the Centralized Monitoriﬁg Function

Install a central monitoring station, engaged in the prediction
of debris flow by centralized processing and the control of
gathered information as well as the swift announcement of the
evacuation warning.,

(3) strengthening of the Public Aﬁnouncément System

Install speakers at the areas in danger of debris flow.



{3} Structure of the System

The advanced debris flow warning system was planned according
to the above basic policy. The structure of the system 1is
shown in Fig.-3.6. The system consists of three system
"explained below.

(:)--Information Collection System

The information collection system gathers data which is
required to predict ox to perceive the occurrence of a debris
flow and to analyze the mechanism of the debris flow. It
‘consists of the followings: | '

~ Rainfall Observation System
Small radar raingauge
Rainfall telemeter

- Water Level Observation System
Water level telemeter

-~ ‘Debris Flow Observation System
Debris flow sensing unit
I.T.V. unit

(:) Information Processing SYétem

Iﬁformation "processing system is concentrated - on - the
information processing _éenter. ‘The Information Processing
| Centér .is to ééntrql and process data gathered by the
information system _énd predict the occurrence of debris flow
and give the evaucation warning to people living in the
disaster areéS. 'The Information Processing Center will be
‘installed at the Mt. Semeru Project Office.

:(:) Pﬁbiic Information System

The pubiic .informaﬁion system ' is -to address the .evacuation
warning - according to the - judgemeht of the information
processing center without' delay to people 1iving in the
possible disaster areas. = This 'Qarning is to be done by
s?eakers installed in the most dangerous area. The address of
the warning to general areas will be carried out by the

existing communication network,



Visual

debris flow
| measuring
aquip.

Water~ pebris flow
level : sensing

telemetering equip,
system

Small Rainfall
radar teleneter ing
rain gauge system

Debris flow observation
system

Water-level observation

Rainfall observation
system

system 7 _
¢ l : l

Information processing center {Master station)

X
r%;;;kg;g_;;-zhgwuqfﬂ 'Existing communication netwerk
| most dangerous area | {existing)

Inhabitants

Fig.-3.6 Structure of Debris Flow Warning System

3.3.3 DEBRIS FLOW EVACUATION SYSTEM

It is also -indispensablé for the souhd save . of lives from
sediment disaster to establish the debris flow evacuatiéh
system, Preparation of the system should be carried out
consulting the disaster potential map as shown in Fig.-3. 7'in
contact with the local organization concerned.

The disaster potentlal map was drawn based on the topographlcal
condition and the sedlment hydraullcs. ' In “the map,
red-colored, yellow-colored and white-colored are mean . high,
medium and low grade of disaster potentxal respectively,
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In preparation of the evacuation system, the following items
should be taken into consideration.

®

The evacution system should be established so as to fit to
the characteristics of the debris flow (volume, velocity,
height of froht, ete) in this area. At first, therefore,
it is important that informations on the debris flow
should be gathered .and analyzed.

It is disirable that Inhabitants living in the high
{red-colored) and medium (yellow-colored) grade area will
evacuate out of the possible disaster area at a disaster.

In case of the above-mentioned evacuation taking longer
time comparing with the reach of the debris flow, it is
disiarable  that inhabiténts evacuatate into lower grade
area, where should_be constructed evacuation hillg.

The evacuation hill shéuld be constructed on the upland

‘and should be strong .enough against the attack by debris

flow.



—
INDONE:

IIIIII

N

e
£ =

Nl

AR

T T ’ . —
= : : , i i
= J ; . H :
L] : . : i H - b
oal N i ' i T
© | | & ; TP S— A
T & | x 1B 4 b T : ; : T i
ial b [=] R e s H . K : B :
= [ Pi<isio - B ' . H ; : ; - ;
o = : : : . I : ]
o 5 e i elEizik Ny - ! —— M R S
o 5 : Ej5icla 2 T @ : I8 ; : : FTE T
: pe S S o & @ : i : ; : te g
. ; : : , ! : ; i f
e 3 3 . : 5] ¢ og&f . S B
F ki L] =4 2 o oo ; ; : i : [l ;
: = a 18! 2 wao : L S
ez 5 . o o m. Py m ol -
TR SR o = o 2 = o T , ] : : : - T
: - & H.o®.DM i : ol H i i pow I
: a & £ s = 2 se¢ 7 : b RS B
: Lo i R } : . i ——
i - e Z £ B D % @ B T ! : i | ;
H - B o= o X &g u ; ] i H ! Pon i
H N D ™ T o= o | I — i = i 4 : Pom ! !
; g mg 2o w ~ = j ; JUDVORE SN AN N S
: B = = a4 B ! ? B i : poo o !
- = = _ i o | m i RS
. o PTI. S| oo e = ! H 1 H H i 3 £ H
o H = LS - = . i ; i i ; - ! : i
- = H ! i 3 H . ' N H
= T ; ! S Lo { : i : ! : : ; CE o
ﬂ m 55 a @ - j : i i ; i : : ;
! 3 Lr e e : ; — NG P S
: n..ru o - ; ' } ; : : ; : ! |
-~ , " : ; ” ! : “ b
,_ @ o : ; | | “ _ ! b
@ m R T
: ! . ! 1 i H
! i ; - !
T | ] 1 i H
i b H i ! H
[ ol
: - - : + i
: R o
i i i : ! : !
m L ; ,, DAL S
“ e Lo . Pe o
; : : i : ;
_ i i | : Py
R R S A4 NS B
: ! : i { !
: : : m i |
L vk et - l.. 4 —. ‘.r.
3 { : : ;
| g .
- ! M )\.. iy |
T H e i s . . . -
20 : Pz in i ! R
o ey 7 | ! L. i . . H k,
T i o 4, ™, | 1 H i
! ! TR A ; oo
, Mwu ! i ! m,wv LN { m i i !
: - 2 i : ! i - i : NS b
” T3 I H o A T
-y H H 1 : : ; :
: Fal “ ; ; | i T R A I
- : A j I R A A
L, | ZP ! ” Lo : ; : ,
- : L2 : b M.,f i ]
i + T 1 T K
: P i) S _
: : i i ;
] ‘ : ; _ = !
; , -
2 2







— 57 —

3.4 SELECTION OF PRIORITY PROJECTS

The urgent rehabilitation project loaned by OECF has recently
started and will bring about substantial effect to the K. Mujur
basin in the near future. Therefore, the first priority should
be given to the sediment control facility project in K_'Rejali
and the second priority to that in K. Mujur according to the
following considerations.

(:) After the'éompletioh of the urgent rehabilitation project,
the K. Mﬁjur basin will become more safety than the other
basin. Some 180,000 people and the properties in the area
of 178km> would be secured soon, though the following
countermeasures as shown in Table-3.3 should be executed
successively. '

(:) The recent sediment disaster is frequently being occurred
' in the K. Rejali basin than in the K. Mujur basin.

The debris flow warning system project around Mt. Semeru
southeastern slope should be recommended as the first priority
project in combination with the sediment control facility

project due to the following reasons.

(:) The sediment disaster in the Study'Area tends to cause a
great loss of lives.

(:) The full completion of the sediment control facility'
project would be a long period.

(:)_ Thé:_warning system with main ~purpose of human lives
- congervation will soon take effect on the entire. area,



4. THE FIRST PRIORITY PROJECT

The first priority project consists of hard and soft counter-

measure for sediment disaster:
- Sediment control facility project for K. Bejlai basin;

- Debris flow warning system project for the entire disaster

area of K. Mujur, K. Rejali and K. Glidik.

4.1 SEDIMENT CONTROL FACILITY PROJECT
4.1.1 ALTERNATIVE PLANS

The selection-of alternative plans from among ‘those projects
 described in the K. Rejali Master Plan was made on the basis of

the following considerations.

(:) The construction of the sediment control facilities should,
in principle, be executed according to the work order given
in the Plans.

(:) The frequency of disasters in the K, Rejali basin has
increased since 1942 when the upper stream of the BS. Semut
was diverted to the K. Rejali river system. Because of
this, it would be desirable to execute the diversion wdrk
designed-to transform the present overfit situation back to
the original state existing before 1942, The diversion
work should take precedence. '

(:) According to the empirical judgement, debris flood at the
top of the fan will cease when a half of the seﬁimént
discharged into the fan has been successfully'éohtrolled.
After that; the construction of the planned sediment
control facilities in the K. Leprak fan area can be étérted.

Based on the above consideration, four alternatives are selected
as shown in Table-4,1 and Fig.-4.1.
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Table-4.1 Alternatives for First Priority Project

- ) . Design
Alterna- Work Type of Work Comb;gatlon Magnitude
tives Stage Facilities {(Probability
Years)
Pl-1 lst SBtage Diversion 1,5,9, 13
pl-2 v Check Dam & 1,2,3,4,5,6, 40
Diversion 7.9,
Pl-3 1lst & Diversion & 1,5,8,9%, 50
2nd Stage Sand Pocket
P1_4 . " Check Dam; lf2r3!4 ’5'6 . 90
Diversion & 7,8,9
Sand Pocket
Facility WNo. Name of Facility
1. Curah Kobo'an Check Dam No. 6
2. A No. §©
3. _ " : No. 4
4. " No. 3
5. Diversion Work
" Channel
K. Lehgkqng Check Dam No. 7
n ' No. 3
6. Curah Lengkong Check Dam No. 1
7. o " No. 2
8, K. Leprak Sand Pocket
9

. % Intake and Channel

* No.9 is facility for water conservation.
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4,1.2 PROJECT COST

prawing for the cost estimation is done on the basis of
wpechnical Standard of River and Sediment Control, Ministry of
construction, Japan (Tentative)" and the examples constructed in
Japan and Indonesia.

(l). Outline of Facilities
:(:) Curah Koboan Check Dam No. 6

It is designed to be as high as possible from the standpoint of
topography and foundation conditions, because the dam is aiming
at raising the elevation of the intake of the diversion
channel. It is a gravity-type concrete dam. Since the
foundation ground is gravels, an apron and a water cushion shall
be used jointly as an energy dissipator.

() Curah Koboan Check Dam No. 5

It is planned as one of the step dams composed of Curah Koboan
Check Dam No.2, No.3, No.4 and No.6 aiming at sediment runoff
regulation, 1t is gravity-type concrete dam with gravel
foundation. Regarding water cushion and apron, the design

concept is the same as for No.6 above,

(3) . curah Koboan Check Dam No. 4

It s to ‘raise - the height of the existing check dam (Curah
Kobecan Check’ Dam No.l), "which fortunately sits on " rock
foundatlon, by 1llm as there are only a very few available
excellent dam sites w1th rock foundation in Curah Koboan.

‘The splllway is to txa a grav1ty type concrete dam. The left
wing is to be earth dam covered with an approximately Ilm thick
‘concrete wall. The_conflguratlon of both the spillway and wing

"is such as to ‘wrap around the existing Check Dam.

. Curan Koboan Check Dam No. 3

It 15 planned almlng at Sedlment runoff reguiation at a bit
hpstream from the bottleneck of BS. ‘Koboan. It is a gravity-
type concrete dam w1th rock foundatlon. The design width of the
spillway is narrow_:at 30m in consideration of the downstream

bottleneck of the river channel.
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C) Diversion Works .-

"The diversion works are comprised of the following three

facilities.

Diversion channel:

It is a waterway to divert all runoff sediment from Curah Koboan
to K. Lengkong. The design riverbed gradient is i = 1/40; the
width of channel bottom is B = 30m. To prevent erosion, thel
slope length of 7m from the riverbed on both banks shall be
protected by Gabion work and consolidation dams constructed at
the intervals of 200m. The design depth of the channel is 5-15m.

K. Lengkong Check Dam No. 7:

It is designed to regulate sediment diverted by the waterway at
its outlet. It is a gravity-type concrete dam on'gravel and
weathering tertiary laminar foundation. To enhance the sediment
traqtive capacity at normal years and to effect flush-out of
accumulated sediment, the spillway shall have compound Cross-
section of low water bed and flood bed.

K. Lengkong Check Dam No. 3 (Pronojiwo Dam):

It is & base key dam to prevent erosion of Lahar deposits in K.
Lengkong Fan caused by diverted running water from a diversion
channel and to.regulate the run-off sediment. from B. Bang. It
is a gravity type concrete dam. on ahdesite foundation.

Since volcanic products nue ardente extends as far -as the
immediate upstream ‘of this dam site, it is designed: to have
large enough spillway section. . There is a f.all cré_ated as a
result of advanced erosion of the riverbed at the .sub dam
downstream. To prevent such further vertical -erosion, the fall
shall be covered with concrete. -

() Curah Lengkong_Check Dam No. 1 and
(:) Curah Lengkong Check Dam No. 2 -

Suitable locations for check dams with large sediment'ccntfol
effect are few in the Curah Lengkong. -Curah Lengkong Check Dam



No.l and No.2 are one of the comparatively suitéble dam sites
for sediment yield suppression and sediment run-off regulation,
They are gravity-type concrete dams with short crest length,
gince the foundation is gravels, thev should have both concrete
apron and water cushion by sub-dam,

K Leprak Sand Pocket.

K;.Léprak sand pocket is planned to store sediment runoff on the
head of the fan to prevent sediment flooding on the fan. At
présent, the K. Leprak runs through the highest point located at
the center of the alluival fan as shown in Fig.-4.2. Therefore,
if the river floods at this point, the influence will be
exténsive, Flood-inuhdated' area can be decreased by shifting

the waﬁercourse to lower Zone. ‘While, bn the other hand, there
will be little influence on the lower reaches if the watercourse
is shifted to the right-bank side because the topography of the
right_ bank side  is mountainous. Therefore, .the. sand pocket
-should be planned to be constructed ﬁear the right bank.

. EL. m
— 410

_- < : =
::: o R : . N | .“} \

— 380

i 000

il:

': 10 000
Fig.-4.2 . Cross Section of Leprak Fan
The sand pocket is comprised of three consolidation dams and

dikes of total 'Z’QQOHL in length. The consolidation dams are

constructed to fix the direction of the water course to the



design river course as well as to distribute runoff sediment in

a uniform manner in the sand pocket area.

he consolidation dams planned at either the entrance or exist
of the sand pocket shall be gravity-type concrete dams . The
consolidation dam planned in the middle of the sand pocket shall
be made with rock baskets to allow for a change in the positibn
of spillway. Thereby the efficient flush out of accumulated
sediment will be promoted (Refer to Fig.-4.3). '

Fig.-4.3 Consolidation Dam of Rock Basket

The height of a dyke at either side of the sand pocket shall be
more than 3m above the design riverbed.

Intake and Channel

They are planned to supply the water to the unirtigatéd pacidy_
field area along the old river course of the K._. Réjlali'. * The
intake should be constructed making use of the existing K.
Leprak check dam No.l. The channel leads the water from the

intake to the old river course of the K. Rejali including tunnel
of 430m length. : L :



(2) Conditions for Cost Estimation
the project cost consists of the following items.

(:) Constructon Cost Direct Cost Materials Cost

- Machine Hiring Cost
Labour Cost
Direct Cost x 15%
Preparation Works: 10%

Indirect Cost

Interests for construction,
tax: 5%

Land Acquisition Cost
- Engineering Service Cost = (:) x 20%
®x4%

Contingency Reserve  Price Escalation (for

Government Administration Cost

[

clofelog

financial cost only)

Foreign Currency = 5% per annum

i}

Local Currency 10% per annum

D =x 108

After a tdugh design of each facility was made, the cost

i

Physical Contingency

estimatioh was done on the basis of unit ‘cost of materials,
labourr cost and labour efficiency in Lumajang Prefecture of
East-Java of Indonesia. Standard unit price 1is based on the

priceroleec. 1982.

The cosf of those materials and machines, not available in
Indonesia, was calculated by using the C.I.F. price at Surabaya
as the border price. |

The land'haCQUiSitiﬁh cost. 1is necessary expense incurred to
purchase land for construction of facilities as well as. to pay
for lots which have been rendered unfit for farming by the said

facilities,



The engineering service cost is necessary expense incurred for
design works, preparation of tender documents and construction
supervision. The distribution ratio of this cost to
construction cost 1is determined based on the implementation

program described later.

The government administration cost is necessary expense for the
project site office to be paid directly by the Indonesian
government during the course of execution of the constrdction
works. The distribution ratio of this cost to construction cost
is determined after carefully considering the figures from past

record of Mt. Semeru Project Office.

(3) Economic Cost

The economic cost of each sediment control facility is given'in
Table-4.2. '

Table-4.2 Economic Cost of Sediment Control Fac111ty
for the Pirst Priority PrOJect

(Based on fiscal vear 1982 standard price)

No. ' Name Life Economic Cost
(Years} (106 Rp)

1. Curah Kobo'an Check bam No. 6 80 9 805

2. SR " No. 5 " 578

3, n No. 4 n 3,212

4. " | No. 3 " | 203

5. Diversion Works " 7,495.

6. -Curah-Léngkong Check Dam No. 1 " _' 102=:

7. " No, 2 " 317

8. K. Leprak Sand Pocket 50 3,099

9. Intake and Channel 80 292




4.1.3 PROJECT BENEFIT
(1) Estimation Method of Project Benefit

Economic benefit through construction of sediment control
facilities is classified into three categories: i) mitigation
effect of direct damage, ii) mitigation effect of indirect
damage and iii) effect on water conservation. '

The process of the mitigatibn effect of direct and indirect
damage are shown in Fig.-4.4, '

The water conserﬁation effect is found as the increment of
crops owing to the sediment control project.
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classified by
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i ‘ 1 )

Damage mitigation Maximum démage _ r’éagnitude
ratio of facility ] [Alternatives amount classified of disaster
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L 1 | |
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Annual mean direct Annual mean direct
danage mitigation damage amount
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Fig.-4.4 (1} Flow Chart of Estimation of Direct Damage
Mitigation amount
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Population in Indirect damage
Possible disaster gmount per capita
acea

Indirect damage
amount within whole ~ | Magnitude of
possible disaster disaster
area
Damage mitigation | Indirect damage Increment ratio
ratio of facility| | Alternatives amount for each of damage
or each magnitude magnitude of disaster potential
of disaster-

[ ] [

Annual damage miti- . ‘Annual, indirect

gation ratio. for i damage amount

ecach magnitudé of for each magnitude

disaster S of disaster
Annual mean indirect ] Annuzl mean
damage mikigation indirect damage
amount amount

4.4(2) Flow Chart of Estimation of Indirect Damage

Fig.- .
' Mitigation Amount
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(2} Disaster Model
{A) Possible Disaster Area

The extent of area likely to suffer sediment disaster judging
from its disaster history and topographical features has been
determined and identified the possible disaster area. Tt is
the area where a sediment flow from the upper - basin may flood
and cause sediment disaster. The possible disaster area is
divided into five zones.in terms of.type of disaster, thickenss

of sediment deposit and topographical factors.

The possible disaster area secured by  the first priority
facility project'is composed of K. Rejali and K. @lidik basin.
Refer to Table-~-4.3, 4.4 and 4.5.

Table—4,3 Possible Disaster Area _
. (Unit: km?2)

River System zone
I IT 111 v v Total
K. Rejali - 1.68 9.89 26,28  2.67 - 40.52
K. Glidik - 0 0 9.23 8.35 17.58

Table-4.4 Desas in the Possible Disaster Area of K, Rejali

Name of Kecamatan ' “Name of Desa

Pasirian Kali Beno, Bades, Madu Rejo
Candipuro Jarit, Jugdsari, Sumberejo, Sumberwuluh,

Tambah Reijo

Pronojiwo Supiturang, Oro-oro Ombo

Table-4.5 Desas in the Possible Diéaster Area of K. Glidik

Name of Kecamatan Name of Desa
Pronojiwo Sidomulyo, Supiturang,_Taménayu
Tempursari Kaliulingsari, Tempurejo, Purorejo,

Tagalrejo .

Ampel Gading Ampel Gading
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(BY Design Sediment Volume

the sediment discharge at each reference point is determined
for each probable return pericd using the sediment
runoff-control simulation model. The difference in sediment
discharge between a supplementary reference point at the top of
the upper stream and a design reference point at the bottom of
the lower stream in the fan is the sediment volume which may
cause disastef in the possible disaster area. This is design
sediment volume. Design sediment volume computedl for each
probable return period is shown in Table-4.6. The details of
the simulation are.discussed in Supportihg Report (1) and Part
G of Supporting Report (5).

Table-4.6 Design Sediment Volume for K. Rejali and K. Glidik

(10m3 m3)
Return Period . ~ River Sytem

(Year) K. Rejali K. Glidik

3 1,610 1,510

5 o 1,940 1,830

10 | ' 2,390 2,310

20 3,020 | 3,200

40 3,680 | 3,700

70 | 4,510 4,200

100 . | 5,220 4,500

_'Potential disaster area 16,240 _ 9,050

(C) Magnitude of Disaster
'The:magnitude of disaster indicates the severify of disaster.
It is given as a ratio of a disaster area to the possible

disaster area.

The magnitude of disaster, shown in Table-4.7, is determined on

the following suppositions. Refer to Fig.-4.6.
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The thickness of sediment deposit is constant in each of
the five zones and has no relation to the deposit volume of
the sediment. This is determined on the basis of study of

deposit thickness caused by disasters in the past,

Accordingly, the sediment flooding area in eéach zone is in
proportion to flooding sediment volume, and constant by
each magnitude of disaster under constant sediment control

facilities,

Juaging from the characteristics of sediment flooding on
the ‘alluvial fan, which has much runoff sediments, the

likelihood of occurrence of disaster at any given point in

the possible disaster area is thought to be equal.

'Deslgn Sediment Volume
, of N Probobility Yeor

Fiood Areo of N Probobiiity Yeor

Possible Disoster Aren
Fig.~4.5 Bediment Flooding Model

Table-4.7 Magnitude of Disaster

River _ : . Total
System Probable Return Period __ Possible

3 5 10 20 40 70 106 Disaster
| " Area '
K. - N ‘
Rejali 0,099 001200.-‘-47 0-186 0.226 00278 00321 10000
K.

Glidik

0.167 0.202 0.255 0.354 0.410 0.464 0.498 l.bOO




(D) Damage ratio

A damage ratio indicates a degree of property damage suffered
from 'Sediment fiooding. The coefficient’ for each property,
determined by the thickness of sediment deposit as defined in
the "Outline of Economic Study on Flood Control®, is shown in
Table-4.8.

Table-4.8 Damage Ratio According to the
Thickness of Sediment Deposit

Thickness of Sediment Deposit 50 cm 50 cm 100 cm

Type of Property and under to 99 cm and Over

House - | 0.43 0,57
-Household goods ' 0.50 : 0.69
- Depreciable assets 0.54 - 0.63
Office Livestock '0.48 0.56
Farmhouse and - Depreciable assets 0.37 1 0.45
Fisherman's . . : _ _
House Stocks . .0.58 0.69
Crops Paddy rice : 0.70 %.OO 1.00
' Qthers . 0.68 0.81 1.00

* Quoted from "Outline of Economic Study on Flood Control"
(Revised Proposal) August, 1977 - Ministry of Construction,
River Bureau, River Planning Section of Japan.

The thickness of sediment deposit is determined for each zone,

based on the investigation results. See Table-4.9.

Table-4.9 Average Thickness of Sediment Deposit

'(Unit: m)

Possible Disaster Zone

Name of Basin
' ' I ' 1I ITI v \'%

K. Rejali 2,22 0.60 0.47 0.36 0.42
K. Glidik 2.22 - - 0.60  0.42
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The direct damage from sediment

£

{

3) Direct bamage

A) List of Damages

ollowing items,

General assets
Agricultural products
Livestocks and fowls
Human productivities
Public facilities
Sediment removal expense

B) Estimated Damage'Potential in Possible Disaster Area

V“?d_

disaster consists

of 'the

The ‘estimated damage'potehtial-in the possible disaster area'of

K. Rejali and K. Glidik basin at 1982 standard price are shown

in Table-4.10 and 4.1l respectively.

Table-4.10 Estimated Damage Potential in Possible_ﬁisaster

Area of K. Rejali

(Unit: 10°% Rp)

« Aone '
Item I 1T ITI Iv \' Total
General Assets 2,171 518 3,712 6,053 - 573 13,027
Agricultural Products 147 22 157 292 30 648
Livestocks & Fowls 174 .44 288 630 51 1,187
Human Productivities 4,664 714 5,006 9,556 1,000 20,940
‘Public Facilities 257 205 150 100 22 734
Total 7,413 1,503 9,313 16,631 1,676 36,536

(Based on fiscal year 1982 standard price)
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Table-4,11 Egtimated Damage Potential in Possible
Disaster Area of K. Glidik

(Unit: 105 Rp)

Zone

Item _ I IT I1I v v Total
General Assets 250 0 0 1,412 972 2,634
Agricultural Products 67 0 0 152 119 338
Livestocks & Fowls 0 0 0 86 291 377
Human Productivities 2,136 0 0 3,242 3,619 8,997
public Facilities 82 0 0 28 7 117

Total 2,535 0 0 4,920 5,008 12,463

(Based on fiscal year 1982 standard price)

(C) Increment of damage potential

The rate of increase of damagé potential is decided as shown in
Table-4.,12, taking into account the rate of increase of the
agricultural production amount and the population of Kab.
Lumajang., The potential damage value shown in .Table—4;10 is
raised according to Table-4.12 for project life of 40 years.

- Table-4,12 Annoal Rate of Increase of Damage Potential

AnnualzRate of_Increése

- Item Next 10 yrs Following 10 yrs
General Property 1.17% 1.17%
_Agricultdral_?roducts 7 3.5
Livestock and Poultry 3 1.5
_ Inhabitants R o 1.17 . 1.17

Public Facilities - 1,17 1.17

'(D) Diféc£ damage

The max1mum direct -damage which shows direct damage for .whole
the p0551b1e disaster area is sought by summlng up the value to
be calculated by nultiplying each damage potential for each
éone:ijeach damagé ratio. Details are discussed in Supporting
Report (2). " The direct damage for each prObable'return period
is sought by multlplylng each direct damage by each magnitude
of disaster. Refer to Table-4.13 and 4,14,



Table-4,13 Direct Damage of K. Rejali

(10 Rp)
Return : [
Period Asset Crop Cattle Pegople Facility Reh.Land Total
475 34 18 116 8 - 709 1,360
576 41 22 141 10 859 1,649
10 706 51 27 173 12 1,053 2,022
20 893 64 35 219 16 1,332 2,559
40 1,085 78 42 266 19 1,619 3,109
70 1,334 96 52 327 24 1,991 3,824
100 1,541 110 60 377 27 2,299 4,414
Max. ; :
pirect 4,800 344 186 1,175 85 7,162 13,752
Damage ' : - .
Table-4.14 Direct Damage of K. Glidik
(106 Rp)
Return . cet Crop Cattle People Facility Reh.Land Total
Period
183 34 9 99 1 687 1,013
222 41 11 120 1 - 831 1,226
10 280 52 14 152 1 1,049 1,548
20 389 72 20 211 2 1,456 . 2,150
40 450 84 23 244 3 1,686 . 2,490
70 510 95 26 276 3 1,908 . 2,818
100 547 102 28 296 3 2,048 3,024
Max.
Direct 1,098 204 56 595 6 4,113 6,072

Damage




(4} Indirect Damage

Deteripratibn of services caused by suspension of economic
activities in the disaster area and expense for restoring
damaged infrastructures are deemed as indirect damages brought
about from the sediment disaster.

 The indirect damage'cohsiStS of the following items,

- Food supply from food Supply centre
- Purchase of sugar

- Construction of shelters

- Purchase of blankets

- Purchase of fish

- Operating expenses for shelters

- Volhhtary rescue activities

- Ssafety guarantee activities

- Provision of communicatioh facility
= Medlcal expenses and funeral cost

-~ Rice (Dlstrlbuted in Klnd)

The indirect damage amount per capita in the disaster area was
set up baséd'on the expense for the above-mentioned item in the
1981 May dlsaster. ‘The indirect damage amount was found by
multlplylng the population with the disaster area by  the
indirect'damage amount -per capita. Subseguent calcuiations of
the.indireét damage were conducted with the same procedure as

that for the direct damage.

(5) Direct ‘and Indirect Damage'Mitigation Effect by Sediment
Control Facilities

(A) Sediment Control Bffect

Thé.'gedlment control facilities would reduce the sediment
volume whlch would otherwise pours into the p0381ble disaster
area._ The damage mitigation effect of the sedlment control
fadilitles is glven as a difference 1n the extent of damage
w1th and w1thout the facilities, The dlfference above are in

proportion to the sediment control volume by each facility.
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Sediment control volume of each facility is given as a dif-
ference between run-off sediment volume with and without the
facilities. Design control sediment volume of each faéility in
K. Rejali for each probable return period is shown in
Table-4.15.

The K. Lengkong check dam-No.3, planned at just downstream from
the confluence of K. Lengkong and B. Bang as the one of the
diversgion works, has the sediment control effect for K. Glidik
basin., Refer to Table-4.16. 7

Table-4.15 Sediment Control Volume of each facallty
in K. Rejali

(103 m3)
Return Period : : L

: “{year) 3 5 10 20 40 .70 100
Facility ' '
l} Curah Kobo'an . g Lo . S

Check Dam No.6 430 430 430 430 430 430 430
2) " No.5 90 90 90 90 90 90 90
3) : " No.4 660 660. 660 660 ?660 660 660
4) " No.3 90 90 90 90 90 90 90
5) Diversion Work - . 100 980 1,320 1,680 2,000 2,100 2,200
6) Curah.Lengkong : . ' ' _ o

Check Dam No.?2 160 160. 160 160 160 160 160
7) " No.l 80 80 80 80 80 80 80
8} K. Leprak Sand .

Pocket 1,340-1,340 1,340 1,340 1,340 1,340 1,340

Table-4.16 Sediment Control vVolume of K, Lengkong
check dam No. 3 for K. Glidik Basin

(103 m3)

Return Period - K - ,
. {vear) 3 5 10 20 40 70 100
Facility R

K. Lengkong Check o _ ‘ _ _ ,
Dam No.3 800 520 180 6o 0o 0 0




(B) Damage Mitigation Effect

The annual direct and indirect damage mitigation' amount are
given by multiplying the annual dlrect and indirect damages
amount by the damage mitigation rate.

This damage mltlgatlon rate is given to each facility and each
probability  year and is a proportion of the de51gn control
sediment volume against the design sediment volume.

(6) Water Conservation Effect

It is possible to transform current devastated land ahd fieids
whére sugar cane, maize, soy beans and cassava are cultivated
into stable paddy fields by irrigation, while sediment disaster
is mitigated by the construction of sediment control facilities.

The differenCe, therefore, between the current crops and the
prospectlve crops from paddy fields can be regarded as one of
the benefits of the water conservation effect. However, to
achieve this benefit, it is necessary to construct additional
facilities such as intakes, etc. besides the sediment control
facility. '

Acdordingly, while the water conservation effect is accounted
‘as a favourable effect of the sediment control plan, the
construction cost of those additional facilities is accounted

for in the project cost.

To attain the'mean'water conservation amount, -the area where
land stablllzatlon can be expected due to the constructlon of
the sedlment control facility is decided flrst The_amount of
water that can p0531bly be supplled to this area by the
construction of the additional facilities is then estimated.
The aﬁnual:.drops “increase in the area as a result of this
developed .water amount is then regarded as the mean water

conservation amount.
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(7} Annual Benefit

The annual direct and indirect damage mitigation amount and the
water conservation amount at 1992, when the all works will have

been completed, are shown in Table-4.17.

Table-4.17 Annual Benefit at 1992
| (unit: 10%Rp)

Item Direct damage Indirect damage Water

_ mitigation ~ mitigation conservation
Plan : amount amount amount
Plan-1 "~ 1,lo0e S 594
~ Plan-2 1,439 3 594
Plan-3 1,446 : 3 . 594
Plan-4 1,452 3 594

4.1.4 EVALUATION
{1) Economic Evaluation

Using the c¢osts and benefits described in 4.1.2 and 4.1.3
respectively, economic analysis for each alferﬁative was
cariied cut. The results are. summarized in Table-4,18 and
Fig.-4.6 for the period of the project life of 40 years,_.

As shown in Table-4.18 and Fig.-4.6, alternative Pl-3 shows the
highest I.R.R. (Internal Rate of Return) of 8.92%. ‘It is
desirable, therefore, that the design magnitude is at 50
probability years, which belongs to P1l-3, from economic . point

of review,



Figo-4 .6

for the First Priority Facility Project

Table-4.18 Resu}tg cf Economic Evaluation for the First Priority
Facility Project
. Combination Design Scope Economic Maintenance Total
Alter . \
natives P 'ggt' (Probability Cost Cost I.R.R. Benefit
acilities
Year) 10° o 10% rp/vear 10° rp
Pl-} 1,5,9 13 17,591 2 B.55 177.8
Pl-2 1,2,3,4,5, 40 22,003 2 8.44 94,3
6'7 g9
" Pl-3 1,5,8,9% 50 20,681 38 8.92 93,5
Pl-4 1,2,3,4,5, .
6,7,8,9 90 25,093 38 7.58 96.6
Facility No, Name of Facility
1. Curah Kobo'an Check Dam No.é
2. " No.5
3. " No.4
4. - L No.3
5. Diversion Work Channel :
: K. Lengkong Check Dam No.7
" No.3
6. Curah Lengkong Check Dam HNo.l
7. n No.2
8. K. Leprak Sand Pocket
g, Intake and Channel
- o ™ o
I [l 1
10 ﬂ.. 14 g o
g o -
- . ‘\-{P/J\\ .
. o
— 7
6
120 — - LEGEND
: ] a ® Total t
oo —1 al cos
e ,.—-”"Z . A Totol Beneflt
= B8O 7
.82 e T 0 RR
> ¢ i
£az: 40 . e w—= NPV. { Net prasent value)
E-u -T — r Discount rate '
&5 20 oo it M N T
0 ' -
0 20 - 40 80 80 100
Retyrn_Period (Yeor)

I.R.R., Total Benefit and Total Cost of Alternatives
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(2} Social Evaluation

The possible disaster area of K. Rejali has some 15 thousands
inhabitants and much properties as shown in Table-4,19. Aas
shown by records of sédiment disasﬁer, a lot of people and
properties are always confronted with fear of disaster.

Those who had lost their houses were transmigrated to other
places and, as such, social insecurity brought about by the

sediment disaster is high in the area.

It is impossible to prevent these damages by mere construction
of local dike; and therefore, a comprehensive sediment control

work in the area is needed.

Although economic value of intangible benefits which- contribute
greatly to the maintenance of social  stability in the area
would be difficult to assess, a sediment control project 1is
extremely important. Such intangible benefits are listed below.

- Protection of Human Life

-~ Stabilization of Inhabitant's Livelihood:~ _ .
Safety, security and stability of inhabitants will be
strengthened by freeing them from the fear of debris
disaster.

Table-4.19 Pproperties in the Possible Disaster Area of K. Mujur

Ttem Quatntity Ttem . Quantity
Mosque and Church = 32 houses Cultivated field. ‘1260 ha
School 14 " Liestock 2é01 heads
Factory :5 " Poultry o '“8472 o
Store 38 » People '~ 14,797 persons

House and Office 3,137 "




(3) Total Evaluation

As stated previously, I1I.R.R. of all alternative plans here is

_betwéen 7.58% and 8.92%. Execution of a plan will certainly
strengthen the basis of the total development plan for the
area., Therefore the poriject of this nature is indiépensable;

Design magnitude of a plan should be 50 vyears, for I.R.R.
begins  to decline beyond this period as shown in Fig.-4.4.
Accordingly, the alternative Pl-3 which enjoys the highest
1.R.R. is recommended.
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4.,1.5 IMPLEMENTATION PLAN OF FIRST PRIORITY FACILITY PROJECT

This section describes the implementation plan of alternative
P1l-3 which 1is recommended as the first priority facility

project.

(L) Outline of Project

Facilities to be constructed by the first priority facility
project are shown in Table-4.20 and drawings in Supplement-4.

Table-4,20 Outline of First Priority Facility Project

Name of River Name of Facility _ Specifications
Curah Kobo'an CHD—6 H=23 m L=438 m
Ve=120,800m Vs=2,112,000m
K. Rejali Diversion channel " L=1,350m ‘B=30m
' Ve=566,000m Vg=7300m
K. Leprak Sand 'Consolidation'dém 3
Pocket Ve=14,300m "Vs=4,300m

Vemn=155,000m Vg=15,000m

Intake and Channel L=430m

K. Lengkong CHD-3 H=10m - L=2330

(Pronojiwo Dam) Ve=42,700m Ve=24,000m

K. Glidik ' :

K. Lengkong CHD-7 H=10m L=145m

ve=4,670m Ve=4,000m

H: Dam height = L: Length of dam or channel

B: Width of channel ' Vs: Steel basket volume
Ve: Concrete volume Vg: Gabion work volume

Vem: Embankment volume

(2) Construction Schedule

The construction period of the first priority faéility project
is six years including surveying, detail deSigning- and

preparatory works.

Schedule for the entire construction works is shown  in
Table-4.21. Annual construction quantity is - shown in
Table-4.22.
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Table-4.22 Annual Construction Quantity for
' the First Priority Facility Project

Year  lst 2na 3ra ath 5th 6th
) Fiscal Year : -~
Work Iten ’ 1987 1988 1989 _ 1980 - 1991 1992
1. Concrete Work (m3) 1
B,Kobo'an check dam No.& 15,000 43,000_ 43,000 20,@00
Leprak Sandpocket 14,300
K.Lengkong check dam No.3 8,000 34,700
K.Lengkong check dam No.7 6,500
2. Excavation (m3)
Diversion channel 280,000 286,000
B.Xobo'an check dam No.6 69,000
K.Lengkong cneck dam No.3 _ ' 24,000
K.Lengkong check dam No.7 - s 4,000
. 3
3. Embankment {m™) o _
Leprak sandpocket - 60,000 50,000 45,000
4. Gabion work (m3}
Diversion channel 1,300 4,000 2,000
Leprak sandpocket 6,000 39,000
4. Steel basket (m3) .
Leprak sandpocket 15,000 15,000 13,000
6. Tunnel (m}

Intake and tunnel 430m -
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(3) Construction Method and Equipment

The main work of the project is the placement o¢f large
quantities of concrete for the B. Kobo'an check dam No.6 and
Lhe K. Lengkong check dam No.3, and the extensive excavation
work for the diversion channel.

In adaition, there is a special work, i.e. the rock basket work
at the K. Leprak sandpocket.

Works other than that mentioned above will be dealt with by the
ordinary construction method, employed in the Mt., Semeru
Project, using construction equipment owned by the Mt. Semeru
Project Office. '

(A7) Methoa of Concrete Work

With the manpower method of dam concrete placing which has been
used up until now, the annual maximum concrete placing volume
is estimated to be around 7,000 m3.  Phis method will not,
“. therefore, be capable of meeting the «concrete placing
ieduiremént for either the B. Kobo'an check dam No.6 or the K.
Lengkong check dam No.3. The production of concrete aggregate,
the productioh. of concrete and the concrete placing are

accordingly planned to be carried out using machines.

The central plant system is employed for the production of
_ concrete, and the aggregate plant and concrete plant will be
set up at the same place as where the K. Leprak sandpocket 1is
planned. The concrete produced there will be. transported to
the dam_site by truck mixers and will be placed using the cable
crane and the crawler crane. These construction machines are
selected adeQuaté bﬁ.the basis of the given construction volume

“and petiodg__Refer to Fig.-4.7.

Places whére thé aggregate can be collected are the K. Mujur
fan, fhe K. Leprak fan and the K. Lengkong fan.. Since 42% of
.the sand at tﬁe K; Lengkong fan, however, consists of minutes
grains, i.e. silt with a diameter less than 0.074 mm, it is



inadequate to be used as concrete aggregate. As a result, the

aggregate and concrete plants are planned at the K. Leprak fan

which is near the dam sites and where a large volume of

aggregate can be possibly cobtained.

Masonry concrete will be used for the dam body OWing to
reasons and because of the need to reduce the
Stones, a diameter of more than 80
the spaces

financial
hardening calerific value.
mm, will be stuffed by the crawler crane and then

surrounding them will be filled with plain concrete.
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Fig.-4.7 Method of Concrete Work for the First Priority Project



(B) Excavation Method of Diversion Channel

Since a lot of water exists in the area around Sumber Sary
where the diversion channel is planned, spring water 1is
expected at the time of excavation, Excavation WOrk,
therefore, will be mainly done by the back hoe (1.4 m3) with -
the supplementary .use of a ripper dozer (25. t). Excavated
sediment will be loaded directly with the back hoe to a dump
truck, transported to the spoil bank and then banked by a
bulldozer ana a vibration roller. The excavation of the
diversion channel will commence at the lower stream area,

moving up to the upper stream area.

(C) Cénstruction Method.of Rock Basket

The rock basket is similar to the gabion mattress although its
durability is higher as it uses formed steel instead of gabion
wire. This rock basket will be used as construction material
for the cbnsolidatéd dam, planned at the middle point of'the.K.
Leprak sandpocket. '

rhe measurements of a rock basket unit are 2.2m x lm x 1lm and
both its assembly and stone stuffing will be done by hand.

(D) Method of Other Construction Work

The excavation of the dam foundation will be mainly done by

back hoe with supplementary assistance by hand.

Sediment within,the'channel will be excavated by back hoe (1.4
m3) and bulldozer (25 t) and will be used for the
construction éf the dike.  The banking and tamping will be done

by bulldozer (16 t).

Magbnfy concrete will be used for the purpose of dam concrete,
' o ' . ; 3

where the requirea volume 1is under 7,000 w /year,  and
construction will be done by hand, as has been the case until

now, -



{8) Construction Equipment

Construction equipment and spare parts to be newly purchased
for the main work are ag shown in Table-4.23.

Table~4,23 Price List of Construction Equipment for
the First Priority Facility Project

Description .
Item Power ?;ég?t Amgunt Remarks
(KW} (10~ Yen)
1. Eguipment
(1) Aggregate Plant 2,107 PS 354.1 274,622
. 207.65 KW _
{2) Concrete Plant 1,417 PS5 530.9 142,278
- 33.65 KW )
(3) Concrete Placing 2,360 PS 864 - 971,846
Plant 930.2 KW :
(4) Paving Equipment 315 P8 64.1 94,500
109 KW :
(%) Earth Work Eguipment 248 329,047
{6) Laboratory Equipment ' 5,000
Sub Total 7 6,199 PS 2,061.1 1,824,293
1,459.5 KW _
2, Spare Parts
{1} Aggregate Plant _ 47,223
{2) Concrete Plant o 43,943
{3) Concrete Placing : : 202,734
Plant
(4} Paving Equipment ' 32,7%0
Plant o
(5) Earth Work Equipment ' 59,600
{6) Laboratory Equipment . 2,000
Sub Total | | 388,290

Total 2,212,583




w..gl _

(4) Cost

According to the  above-mentioned construction procedure, the

project cost is summarized as shown in Table-4,24., Refer to
Table-4,25, '

Table~4.24 Financial Cost of the 1lst Priority Facility Project

Foreign Local Total
Ttem : Currency Currency

106 Yen 106 Rp lOSYen
1. Construction equipment 1,825 - 1,825

2, S8pare pérts and consumable | .
materials 389 - 389
3. Civil works | 1,029 9,538 4,561
4. Land acquisition - 370 137
5. Engineering services 932 909 1,269
6. Government administration _ | - . 584 216
7. Contihgency | . 723 4,462 - 2,376
108Yen 4,898 5,876 10,774
Total  106Rp 13,225 15,864 29,089
(%) , , . 45.7%  54.7% - 100%

{Based on the price level of fiscal year 1982)
' Yen Evaluation: 1Us$ = ¥240 = Rp650, 1 Yen = 2.7 Rp

(5) EBvaluation

The economic cost was also refined and amounts to 20,525
million Rp as shown in Table-4.26.

As a result of the economic'anaiysis using the refined éost,
total benefit and I.R.R. of the first priority facility project
are conéluded as 90,760f miliion Rp. and 8.8B% respectively.
Refer to Table~4;27.

The differénce of economic costs between Table—4.27 _and
Table~4.18 lies in the engineering service cost because the
economic cost in Table-4.27 was refined . based on. the

implementation'progtam.
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4f2 DEBRIS FLOW WARNING SYSTEM PROJECT
4,2.1 PROJECT FEATURE
(1) Purpose of the Project

The disaster in this area tends to cause a great loss of
lives. The completion of the sediment control facility to
prevent such a disaster perfectly would be a long period.

The debris flow warning system is established on entire area of
Mt. Semeru_south»easfern slope for the purpose of saving the
human life as soon as possible.

{2) Structure of the Debris Flow Warning. System

The debris flow warning system recommended as the first
. priority project consists of the following:

C) Information colletion system

fhe information collection system gathers data 'thch_ is
required to predict the occurrence of a debris flow and to give
warning for danger, and sends these data to the. information
processing center. It consists of the followings: '

- Rainfall Observation System
Samll radar raingauge system 1 station

Rainfall telemetering station 8 stations

Water Level Observation System:
Water level telemetering station 6 stations

Debris Flow Observation System
~ Debris flow sensing station 4 stations

‘Debris flow visual measuring station 2 stations

Repeater station 1 station

C) Information Procéssing System-
The information processing system is to store and control

various data used for judging to give a warning to people or
not. It does not include an analysis program and a software



which can predict the occurrence of a debris flow.

it concentrated on the information processing center located at

the Mt. Semeru Project Office.

GD Public Information System

The public information system is to address the evacuation
warning aécording to  the judgement of the information
processing- cenﬁer‘ without delay to people 1living in the
possible disaster areas.

It consists of the followings:

-~ 11 Speaker stations at the most dangerous area of debris flow,.
- Existing communication network in the general areas.,

The outline of the system and locations are given in Fig.-4.8
and Fig.-4.9 respectively. '
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Fig.-4.8 Diagr'arh of Debris Flow Warning System
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4.2.2 MAIN EQUIPMENTS

.7.99_._.

Main edquipments required for the above system are shown in
Table-4.,28.
Table-4.28 Equipment of the Debris Flow Warning System
System Station FEquipment Quantity
Master 1. Supervisory equipment 1 set
station 2. Samll radar raingauge eguipment 1 set
3. Visual receiving egquipment 2 seaets
4. Warning control equipment 1 set
: 5, Power supply equipment 1 set
Information 6. Personal computer 1 set
processing _
system Monitoring 1. Monitoring eqguipment 1 set
- station 2. Receiver 1 set.
3. Antenna 1 set
4, Data display equipment 1 set
5., Typewriter ' 1 set
Repeater 1. Repeater equipment 3 sets
station 2. Radio equipment 4 séts
3. Telecontrolled equipment 1 set.
4, Antenna equipment 3 sets
5. Power supply unit 2 sets
Rainfall 1. Telemetering equipment 8 sets
observation 2. Radio equipment 8 sets
station 3. Antenna egquipment 8 sets
4. Rainfall gauging equipment 8 sets
5. Solar cells power supply equipment 8 sets
Water level 1. Telemetering equipment 6 sets
Information observation 2. Radio egquipment’ | 6 sets
collection station 3. Antenna equipment 6 séts
system- “4. Water level gauging equipment 6 sets
5. Solar cells power supply eguipment 6 sets
Debris flow 1, Telemetering eguipment 4 sets
" sensing ' 2. Radio eguipment : 4 sets
observation 3. Antenna equipment _ 4 sets
station 4. Debris flow sensing equipment 4 sets
: 5. Solar cells power supply gquipment 4 sets
Debris flow. 1. Telecontrolled equipment 2 sets
visual 2. Radio equipment 2 sets
measuring 3. Antenna equipment 2 sets
station 4, TV transmitter 2 sets
5. TV camera 2 gets
6. Monitor TV 2 sets
7. VIR ) 2 sets
8. Solar cells power supply equipment 2 sets
Public - Speaker 1. Warning eguipment 11 sets
information station ~2. Radio equipment 11 sets
system T '3, Antenna ‘equipment 11 sets
4. Loud speaker equipment 11 sets
5. Sollar cells power supply equipment 11 sets
: 11 sets

Sound collector
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4,2.3 MANAGEMENT OF THE SYSTEM

At the information processing center, which is the backbone of
the entire system, the data gathered by the information system
ig displayed, recorded and announced to the related
organizations, The management of the system is shown in
Fig.-4.10. '

In order to achieve the effective management of the system, it
will be necessary to both maintain the entire equipment in
perfect working order and to continuously improve the system

based on the collected data.

Manuals for checking and repairing of the system and collecting
the data should be prepared during the test operation of a year.

The preparation and improvement of the analysis program for
predicting of debris flow occurrences should not be included in
this project. They will bé achieved . over a long period as a
daily activity of the Mt. Semeru Project Offiée.

4.2.4 EVALUATION

The sediment disaster.around Mt. Semeru tends to cause a great
loss of lives as is seen in the past records. The establish-
ment of the debris flow warning-systém'will be able £o protéét
human life from such disasters. Stabilization of inhabitant's
livelihood also will be strengthened and social activity will
be - increased though they are  intangible., - Inhabitants and
properties in the possible disaster area covered by'fhe debris
flow warning system are as shown in Table~4.29,

Table-4.29 Properties in the area covered by the Debris Flow
Warning System _

Item Quantity Ttem Quahtity

People : 40,700:pérsons- School T "_“'32.house$
Mosque and church 82 houses .'Hospital 1 hdusé
Factory 16 " House and office 8,600 "

Store 110 " Cultivated field 3,300 ha
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4.2.5 IMPLEMENTATION PLAN OF DEBRIS FLOW WARNING SYSTEM.PROJECT
{1) Project Work Schedule

The debris flow warning system project consists of the design &
eQuipment procuration, civil work & installation and opera-
tion. FExecution of these works needs five years. The projéct
work schedule is shown in Table-4,30.

(2) Design and Equipment Procuration

The detail design and the assist work for the equipment
précdration should be carried out by an engineer of high
capability. The detail design consists of the system design,
the electric circuit design, the foundétion design for

equipments and the wave propagation test on the job site.

(3) Civil Work and installation

The foundation works and the accéss roads df_various stations
should first be executed, The installation works of
equipments, then, should be executed successivély. The
installation work includes the adjustment and teSting of the
entire equipments. It should be carried out'by.an engineer of.

high capability.

{4) Operation

After the adjustment and testing of'entire.eqﬁipmehts;.a test
operation of one year and a main operation of one Year should
be executed. During the test operation, manuals fd£ checking
and repairing of the system and collecting data should be
prepared. During the main operation, the practice of aétual
repairing works should be exebuted_by thé Mt. Semeru Project

 Office with the assist of the consultant.
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4.2.6  PROJECT COST
The  financial cost of
calculated in the same basis

facility plan.

the debris

as in

the

sediment

Its cost is summarized in Table-4.31,

flow warning system was

control

Table?d.Bl Financial Cost of the Debris Flow Warning Syétem

Foreign Local Total
Ttem Currency  Currency _
lO6 yen 106 Rp 106,yen
1. Equipment 905.8 0 905.8
1.1 Main eguipment 747 .2
1.2 Test equipment & mainte-~
nancé tool 158.6
2. Spare parts & Accessories 66.7 0 66.7
3. Construction & Installation 119.,0 124.9 165.2
3.1 Construction 7.9 104.4 '
3.2 Installation 95.6 2.5
3.3 Inland transportation of '
equipments 0 1.7
3.4 Preparation work 15.5 16.3 f
4., Land acquisition 0 0.2 .O@l
5. Engineering service 519,7 422.3 676.1
6. Government administration | 0 17.8 6?6
7. Contingency 230.8 122.3 276.1
106ven 1,842.0 254.6  2,096.6
Total 106Rp 4,973.4 687.5 5,660.9
(%) 87.9% 12.1% 100%

(Based on the price level of fiscal yeaf 1982)

Yen Evaluation: 1US% = ¥240 =

Rp650,

iY¥en =

2.7Rp



4.2.7 PHASING PLAN OF DEBRIS FLOW WARNING SYSTEM PROJECT

Execution Of_ the debris flow warning system project can be

phased at four stages classified from the standpoint of
function.

The structure of the system at each stage is éhown- in
Table-4.32 and their financial costs are shown in 'Table-4.33,
Table-4.34 and Table-4.35. fThe financial cost of +he fourth
final stage is as the same as in Tabled,31.

Table-4.32 Phasing Plan of the Debris Flow Warning
System Project

Project Financial

Phase Structure of System _ Period Cost

(month) (106 ven)

1. Rainfall gauging station 8 stations

2. Debris flow sensing 4 stations
1 station 24 1,021
3. Telemetering repeater 9 stations
station '
4. Supervisory equipment 1 set

Above-mentioned systems

2 5.  Small radar raingauge 1 set 29 1,408

equipment

Above-mentioned systems

6. Water level gauging 6 stations
. station '
3 7. Warning control equipment 1 set 29 1,895
8. Warning repeatér equipment 1 set
9. Personal computer 1 set

10. Speaker warning station 11 stations

Above-mentioned systems

4 11. Debris flow visual 2 stations 29 2,097

‘measuring stations
12. Monitoring station 1 station
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Table-4,33 Financial Cost at lst Stage

of the Warning System Project

Foreign Local Total
Currency Currency ‘
(106 Yen} (106 Rpy (106 Yen)
1. Equipment 335.8 0 335.8
1.1 Main equipment 278.0 0 278.0
1,2 Test equipment & 57.8 0 57.6
maintenance tool
2, Spare Parts & Rhccessorles 20.1 0 20.1
3., Constrﬁction & Installation 47.7 88.5 80.5
3.1 Construction 4.4 15.2 32.3
3.2 Installation 37.1 1.3 37.6
3.3 Inland transportation of 0 0.6 - 0.2
equipments
3.4 Preparation work 6.2 11.5 . 10.5
4. Land Acquisition -0 0.04 0.01
5. Engineering Service 342.5 287.3 448.9
6. vaernment'Administration 0 5.5 2.0
7. Contingency 101.4 88.0 134.0
Total 847.5 469,34 1,021.31

Tabhle-4.34 Financial_Cost
of the Warning

at 2nd Stage

System Project

Local

Foreign Total
Currency Currency
{106 Yen) (106 Rrp) (106 Yen)
1. Eguipment - 497,2 0 492,7
1.1 Main equipment 433.6 0 '433.%
1.2 Test equipment & 59.1 0 59.1
maintenance tool
2. Spare Parts & Accessories 34.5 4] 34.5
3. Construction & Installation 6.0 31.1 99.7

3,1 Construction 5.3 77.1 33.9

3.2 Installation 52.1 1.6 52,7

3.3 Inland transportation of 0 T 0.6 0.2

eguipments '

3.4 Preparation work 8.6 "11.8° 13.0
4. Land Acquisition 0 0.04 0.01
5. Engineering Sexvice 489.9 299.8 660.9
6. Government Administration Q 10.8 4,0
7. Contingency 142 1.3 175.8

Total 1225.1 493 1,407.7
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Table-4,35 Financial.COSt at 3rd Stage
of the Warning System Project

Foreign Local Total
Currency Currency
{106 Yen) {106 ®p) (106 vem)
1. Equipment ' 776.1 0 778.1
1.1 Main_equipment 648.0 0 648.0
1.2 Test equipment & 128.1 0 128.1
maintenance tool
2. 8pare ﬁarts & Accessories 39.4 0 39.4
3. Construction & Installation 113 . 96.5 148.7

3.1 Construction " 7.5 80 37.1

3.2 Installation - 90,8 2.9 91.9

3.3 Inland transportation of - 0 1.2 0.4

equipments :

3.4 Preparation work 14,7 12.4 19.3
4. Land:hcquigition 0 ) 0.2 0.1
5. Engineering Service 519.1 422.3 675.5
6. Government Administration 0 i6.1 - 6.0

7. Contingency 206.9 113.7 249
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4.3 TOTAL PROJECT COST OF THE FIRST PRIORITY PROJECT

Total financial cost of the first priority project, thch
consists of the sediment control facility plan and the debris
flow warning system plan, is estimated at Rp., 34.7 «x 10°
(#¥12.9 x 109) and summary is shown in Table-4.36.
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