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PREFACE

In response to the reqdest of the Government of the
'Republic of 'Tndonesia, the Japanese Government decided  to
conduct a fea51b111ty study on the Volcanic Deblis Control and
Water Conservation Project on the Southeastern Slope of Mt.
SEMERU and_ entrusted the. study to the Japan International
Cooperation Agency (JICA)f '

. The JICA sent to Indon951a a survey team headed by Mr. K,
-HIRAO, comprlslng experts of Yachlyo Englneerang Co., Ltd., in
March, 1982. -

The team had discussions on the Project with the'officiais
_éonéerned of_the'Goverhméht'of Indoheéia'and conducted a field
survéy:on_the:south_eastern-slope'of Mr. SEMERU; After the
team. retdrnéd to 'Ja§an, - further studies were made and the
fpresent report has been prepared after studies extendlng for
nearly. three years. '

I hope that thls report will serve for the deve10pment of
the Project _and_ contribute. to the promotion of friendly

‘relations between our two countries.
I w1sh to express my éeep apprec1at10n to the 0fflClalS

-concerned of the Government of the Republic of Indone51a for .
their close cooperation extended-to the team.

December, 1984

i/

/ ‘é/,; ?Z
' Kelsuke Arlta
Pre51dent

Japan Internatlonal Cooperatlon Agency
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GLOSSARY

Debris flow : Mass movement of mixture of some 40% sediment
and some 60% water. It flows down with
stepped flow concentrated by boulders at the

“front. ' '

Bed load flow : Individual movement of river bed materials by

tractive force of'running water

Mud £low : Intermediate floﬁ between debris.flow and bed
load -flow. It has not stepped flow and
boulder concentration.

Lahar : Traditional élias for flow of mixture of

sediment and water. It is corresponded to
Debris flow and Mud flow.

Yield suppression sediment volunie: _
' Effect of facilities to reduce the sediment

production at the source.

Run-off regulation sediment volume:
' Effect of ~facilities to déposit temporarily
at _big. flood and then to flow them down
gradually by force of the subsequent £lood.

Run-off storage Sediment volume:
' "Effect of facilities to catch the run-off

sediment in its reservoir.

Sediment transport adjustment volume: -
' Effect of facilities to improve sediment
discharge capacity. -

Control sediment volume:

N ' . Combined  concept of yield suppression
sediment volume, run-off regulation sediment
volhmé, run-off storage sediment volume ‘and

'sédiment transport adjustment_voiume.



Sediment discharge:

Check dam

Consolidation dam :

Sand pocket :

Sabo plan :

Xi

Run-off sediment volume per second

Sediment control facility which isg
constructed crossing the river and has
height of over 5m.

Sediment control facility which is
constructed crossing the river and has

height of under 5m.

Sediment control facility composed of the
consolidation dams and dikes at the both

banks.

Synthetic scheme to prevent the sediment

disaster.

Design reference point, Design supplementary reference point:

K.; B5., Curah :
Desa : :
Kecamatan :
Kabpaten :

Points  to decide design run-off sediment

volume, design excess sediment volume and
design allowable sediment volume

River or channel in Java Language

Samilest rural administrative subdivision’

" Administrative division controlling
several Desas
Administrative division controlling

several Desas, Prefecture
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'--.;_}SUMﬁARY

REVIEW OF 'THLJ MASTER PLAN

'ffﬁg' Ex1st1ng Maste; rPlans pxepared by the' Government  of

Indon951d were rev1ewed by the Study Team on the baqls of" new
- §urvey data lncludlng the dlsaster 1n May,_1981 fo; the maln
ﬁfpurpose of the selectlon ot prlorlty proiects._5

[As a result of revmew,@problems in the Exxstlng Mabter Plans
E ' mod;flcatlon 1nrthe Sedlment control plan and
- The

;:11)

"?:publlc 1nformat10n system are°'

1nformat10n._r



(2)

Table-1 Proposed Revisions for the Existing Master Plans

Item gxisting Master Plans proposed Revislons

Objective To protect the disaster area from " Yo revision

Lahar disaster and to improve the
socio~economie condition.

Tdentify possibls disaster aread.

Disaster preven- Areas along the rilver channel.
tion areap K hreas are classified lnto § groups.
Magnitude of. K. Mujur 50 years
plan . K. Rejali ‘10 years 100 years
K, Glidik 2 years _
Design reference Not established One aabo rqference point and
point supplementary reference points
ate established.
Sediment volume K. Mujur 10,144,000 m® | R. Mujur’ 5, 040 600 mg
dealt with by K. Rejall 8,500,000 m? ) 5,220,000 m
the plan K. Glidik 4,400,000 nd 4,500,000 n3
. K. Mujur . K. Mujue
Sediment | Sediment control F3 by check dam and sand pockets. Fl and F2 by check dam
contrel function : ‘P3 by sand pockel:
. d .
plan Fl: Sediment Yield Fe by dike and oto
Suppression - .
F2: Sediment Runoff] K. Rejali K. Rejall = -
" Regulation F} by check dam Fl and F2 by check dam
F3: Sediment Runoff]l ¥4 by channel work . F3 by sand pocket
Storage ’ : F4 by diversion channel and etc.
F4; Sediment
Transport K. Glidik K. Glidik
Adjustment F4 by embankment . * Fl and F2 by check dam
' : " F4 by dike
Facility | K. Mujur K. Rejali K. Glidik | K. Majur K. Rejali K. Glidik
‘Check dan 24 vnits. 5 units [ 11 'units 9 units S units
Band pocket 1 unit 0 1] 3 unit 1 unit 0
Consclidation dam | 4 units - @ 20 units 12 units - 22 units 0
Dike 5.0 km 0.6 km 4 km 8.8 km . 9.5 kn 9.6 km
Spur dike 0 12 units 0 ' [ [ 0
Channel work 0 9.5 km - 6 km ] -0 U
River excavation .| 0.6 km 7} 0 6.8 km 0. 0
piversion chamnel - - - - 1 unit . -
Construction cost | K. Mujur K. Rejali K. Glidik | K. Majur K. iaejan K. clidik
{Maintenance 3 3 . - :
cost/year) Rpl0. 9x10 Rplo 9:4:10 ~ Rp8.9x10 Rp:inlIJ9 RpBBxlO ) Rp23x109
10) (Rpﬂ ‘05x107) (Rp0. 1x10° 1| (re0.dex10” )(Rpl) g4x10” } (o')':
construction K. Mujit K. Rejall K. CUaIk | K. Mujur K. Rejall K. GLidik
10 years 10 years 10 years 15 years 20 yeats' 13 years
Warning system . : Mecessity for reinforcement of 1 Reinforcement of the following
information collection system and warning ‘systems.was praoposed-
f{:eliphone communication system Information collection system
s indicated, Information processing system
. Public information system.
Water conservation Not'menti.oned. . Preliminary water conservation plan

in K. Rejali including ‘the K.
Lengkong Fan 18 propased. : .
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2. SELECTION OF PRIORITY PROJECTS

The urgent rehabilitation projéct loaned by OECF has recently
started and will bring about substantial effect to the K. Mujur
basin in the near future. The K. Mujur basin will become more
séfety than the other basin, Some 180,000 people and the

2 would be secured soon,

properties in the area of 178km
 though the folléwing counterméasures - should be executed
successively. Moreover, the recent- sediment . disaster is
frequently being occurred in the K. Rejali basin than in the K.
Mujur basin. Considering above situations, the first priority
should be given to the sediment control facility project in K.

'Rejali and the second priority to that in K. M_ujixr=

The _debris__flow warning system .pfojeét aroUné“ Mt. Semeru
southeastern slope should be also recommended as the first
priority project “in éombination_ with the sedimenf control
facility prdjéﬁt, _ Because, the sediment disaster in the Study
'atea_tends to bauéé_a'great loss of lives and it will take a
long pefiod to cémplete fully the sediment contrbl facility
project, however the warning syétem with“main,purpose_of human
lives conservation will soon take effect on the entire area.

3. 'THE FIRST PRIORITY PROJECT

The first'pfiofity project consists of hard and soft counter-

measure:
- Sediment Control Facility Project for the K. Rejali basin.

- Debris Flow Warning System Project for the entire area.

3.1 FIRST PRiORITY SEDIMENT CONTROL FACILiTY PROJECT

(lj' AltérnétiVES'. |

The altepnaines .for'_thei_first _priority sediment control
,facility;_ptoject were drawn on the basis of the following

- considerations. Four alternatives were planned as shown in
“Table-2. o '
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The construction of the sediment control facilities should,
in pr1n01ple, 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.' Recause of
this,llt would be desirable to execute the dlver51on work
designed to transform the present overfit situation back to
the original state existing before 1942, - The Vdivetsion

work should take precedence.

- Accordiﬁg to the'empirical judgemeht ‘sediment floodlng at
the head of the fan will cease when a half of the sedlment
dlscharged into the fan has been successfully controlled.
After Lhat the constructlon of ‘the sedlment control
facilities planned in the fan area can be started |

Among the alternatives; from the socio-economic and technical
view points, the alternative P1-3 is the most feaSLble and
selected as the first priority sediment control facility progect
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.Table¥2 Results_of Economic_Evaiuation for the First Priority
Sediment Control Facility Project

A1 beie Combination Design Scope Economic Maintenance Total
A Svas | Of (Probability Cost Cost I.R.R. Benefit
Facxlltles Year) 106 Rp 106 Rp/Year 109 Rp
P1-1  1,5,9 13 17,591 2 8.55 77.8
pil-2 1,2,3,4,5, 40 22,003 2 8.44 94.3
' 6,7,%
P1-3  1,5,8,9 50 20,681 38 8.92 93.5
Pl-4  1,2,3,4,5, - | .
6,7,8,3 90 25,093 38 7.58 96.6
Facility No. Name of Facility
' 1. Curah Kobo'an Check Dam  No.6
2. i . ' No.5
"3, " No. 4
- 4, - L No.3
- 5, Diversion Work Channel .
K. Lengkong Check Dam No.7
: L © No.3
6. Curah Lengkong Check Dam No.l
7. : 4 "o No.2
8. K. Leprak Sand Pocket .
9. " Intake and Channel '
= odf mr. . o+
j l f _;' - -t
0 ;' __E_E T
B 99— S :
.- O
el gl WP/\\\
R —
e .
120 . %
R R LEGEND
- 100 I o — " ® Tatal cost
e o I S A Total Benefit
ée T Tt S w3,
Q.- e TTTTT o0 LR.R
| §Z 40 g . : -—.—-_——--—-'-_""?"-. ==~ NPV, { Nat présenf value )
,53 20 m_“_-:—bi r Discount rate
. o o o k T1:4%
ol iR R
o 20 407 60 80 [voln

Return_Pariod (Yaqr)

Fig.-l tIﬁR.R;,”Total Benéfit and-Total‘Cosﬁ_of Alternatives
o for the First Priority'Sediment Control Facility Project
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(2) Outline of the First Priority Sediment Control Fa0111ty
Project .

Facilities to be constructed by the first priority sedlment

control facility progeot are summarized as shown in Table-3,

Table-3 oOutline of First Pr1or1ty Sediment Control Fac1llty

PLOjeCL
Name of River Name of Facility ) Specifications
Curah Kobo'an CHP-6 H=23 m L=438 m
Ve=120,800m Vs=2,;112,000n
K. Rejali Diversion channel T L=1,350m : B=30m
Ve=566,000m vg= ?300m
K. Leprak Sand . Consolidation dam 3

Pocket Ve=14,300m Ve= 4,300m3_
. - Vem=155,000m Vg=15,000m

Intake and Channel  L=430m

K. Lengkong CHD-3 H=10m 1=2330

: (Pronojiwo Dam) Ve=42,700m  Ve=24,000m
K. Glidik - ' o
: : K. Lengkong CHD-7  H=l0m 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: Gablon ‘work. volume

Vem: Embankment volupe

{3) Project Work Schedule

_The construction period of the first priority fac1l1ty proiect
is six vyears 1ncludlng surveying, detail d951gn1ng and
preparatory works. Refer to Table-4,

{4} Project Cost

According to the above- mentioned constructxon procedur ~the

prOJeCt cost ammounts to he 29 billion Rp. and summarazed'as
shown in Table-5, ' o
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Table~4 Work Schedule for the First Priotity Sediment
Control Facility Project

(2}
{3}
(4}

A6)
N

(5}

Div_ei:s!.b_n channel

K. Lengkong check: dam No.3
_ e 0.7

Lep:a)c' sand packet

Intake and channel

.P.repa:_ation work -

igt 2nd 3ed 4th Sth &th
Flascal yaar 1987 1988 1989 1930 9%l 1992
Dascription 4 9 3|4 9 3j4 9 3|2 2 3| 9 3|4 9
1. EBnginearing Se:vice_'
{Design, Tandé_: and Procuremant Procass)
{1) B. Kobo‘an check dam ¥No.§ -
{2) Diversion channel
{3 !é. Lengkong check .dam Ml ] [=]
{4) " . Wo.? =] =
{5) Leprak sand pocket &
{8} Iatake and channel ) ey [—=-
{7} Construction squipment and spare parts - PR Er L oI et Y R e
RL)) €onstruction ﬂ'upervlsion = =S
2. civil Horks
{1} B. Xobo'an check dam ¥o.6 PR e

. Table-5 Financial Cost of

Facility Project

First Priority Sediment Control

Local

Total

Foréign'

_Item Currency Currency
' 106 Yen 106 Rp 106Yen
1. Const:pctioﬁ equipment 1,825 - 1,825

2. Spafé'pagts_ahd 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. Contingency. | 723 4,462 2,376
. 10%Yen 4,898 5,876 10,774
Total = 10®Rp 13,225 15,864 29,089
(%) 45.7% 54.7% 100%

(Based on the price level of fiscal year 1982)

“Yen Evaluation:

1ysg = ¥240

= Rp650, 1 Yen

‘2.7 Rp
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(5 Project Evaluation

Eeonomic benefit through execution of the first'_priority
_SGdiment céhtrol facility project consists of the'direct damage
mitigation effect, indirect damage mitigation effect and water
conservation effect.: As a 'reéult of the _economic"ahalysis
using the refined plan, economic cost, economic benefit and
{.R.R, (Internal Rate of Return) of the first priority sediment

control facility project are concluded as follows;

Beonomic cost. 20,525 x 106-Rp;
Beonimic benefit 90,760 x 10° mp

I.R.R 8.8%
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3.2 . DEBRIS FLOW WARNING SYSTEM PROJECT

AN

Outllne of the Debrxq Flow Warnlng System Project

The debrls flow warning system project con51sts 0f the follow-

ings.

®

'Refer_to Fig,-2,

Information collection system

The_'information collection system gathers data which 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:

- Ralnfall Observatlon System
1 small radar ralngauge statlon
..8 telemeter rainfall statlons
- Water Level Observation System
. 6 telemeter water level stations

i

”béhﬁis Eloerbsérvatién“SyStem
.- 4 debris flow sensing stations
.2 debfis'flow"visualimeasuring stations

- 1 repeater station

Information Proééssing'System

The lnformatlon ‘processing system is to process and
':control the. data and predzct the occurence of debris flow
'fand g;ve_the-eVdcuatlgn warnlng. "It will be concentrated
on- a information ‘processing center installed at the Mt.
'_Sehefufprqject Office.

:delichnfo:mafiQn System

_The public7infbrmati0n system is to address the evacuation

warning by 11 speaker stations according to the judgement

[;of’ the '1nfozmatlon proce581ng center without delay to
'_people 11v1ng in the dlsaster areas.
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(2) Project Work Schedule

The debris flow warning system project consists of the design &
equipment procuration, civil work & installation and test

operation. Execution of these works needs five years.  The

project work schedule is shown in Table-6.

(3) Project Cost.

The project cost of the debris flow warning system amounts to
be 5.7 billion Rp. and summarized in Table-7.

‘“‘;—‘m.— 2rary, Frojset Office .
HES

Secticn
{rriqa tion
Office

;é
6? o] o

R
i } A\R
8%
) & 3§ . o
_ o & LEGEND :
‘ May™ R : :
i - QP sE — -
] ‘-;L]% Lena [Syrbett© Statton Q. Ty
5, 15 Y AT R RANGARE
v Pronoliwo Bridge | Sravion oARE !
5| R ALTCAGING a
£ L W o
GAUGING STANION
| & (e s
LB tehslE TSRO | 2
X" | rEPEATER STATION |1
& | MasTER sTATION 1
- &5 | mosaToring sTamon- |
= . G
»le | STATION . L 1
=
! INDOMESIAN OGEAN
i
\
£

K

Fig.-2 Station Map of Debris Flow Warning Systém
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Table-6 Work Schedule for Debris Flow Warning System Project

1at year® 204 year

. 3ed year

ath ycai

3th

ear

Item

LTI3ILSE

7§§101112.123456739'101112

12324586

T 89 10lli2

123458

189 0012

1234586

T8 9 101112

1. _igeaign & Procura~
prait Procesy

%) petadl Deslgn &

Tendet DO

Application for
Apptoval ot Yendel]
pocurgnte

(2

{3} Tendag Call

-

14
[£:3]
8

Tender Evaluation
Cont:n'cl: A'yani

Apptfoval of
Contrack

{7 L/C Opening

(8) sanutaoture of

Equipusents

shipping i Inland
Transportation

{9

2. Civll Work k.
Ingtallation

(1} civil works

(2} mutalla_.t.lc_in

3. operation -

él). '1'e:_3.t Ope(uthﬁ'

{2) Main operation:’

4. Enqine-ux li‘\g Service—

S, Yechanical Guidancd

[ e o e ey o

Table-7 Financial Cost of the Debris Flow

Warning System Project

: ?oreién Local Total
‘Ttem Currency Currency .
_1Q6 yen 106 Rp 106 yen
1..Equipment 905.8 0 905.8
r-lfl.Main_équipment 747.2
1.2 Test equipment & mainte-
' nance tool 158.6
2. Spaxe'parts & Accessories 65.7 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
_ _ eéuipmgnts g X.7
-~ 3.4 Preparation work 15.5 16.3
E..ﬁand3acqﬁisition. 0 g.2 0.1
.5.'Enginée£ing service’ 519.7 422.3 676.1
6. Government administration 4 17.8 6.6
7. Contingency ' 230.8 122.3 276.1
c 106ven 1,842.0 254.6  2,096.6
“rotal 10SRp .. 4,973.4 687.5 5,660.9
©(e) . 87.9% 12.1% 100%
(Based on the price lgéél of fiscal-yeaf 1982)

Yen Evaluation: 1US3 = ¥240 = Rp650, l¥en

2.7Rp
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(4) Project Evaluation

The sediment disaster around Mt. Semeru tends to cause a great

loss of lives as seen in the past records,

The establishment of the debris flow warning system will be

able to protect human life from such disaster. Stabilizatioh-
of inhabitant's livelihood also will be strengthened and social
activity will be_increased.' People and.propefties in the area

covered by the debris flow warning éystem are shown in Table-8.

Table 8 Property in the area covered by the Debris Flow
Warning System

Item ' Quantity L Item _ Quaﬁﬁity.

People 40,700 persons - school = a . 32:h¢qses77
Mosque and church 82 houses HOspital o i'hodse
Factory 16 v ' Ho'u's'e and office 8,600 "
Store | 110 v Cultivatea field 3,300 ha

(5) Phasing Plan

Executing of the debris flow warning system pr03ect can be phased
at 4 stages classified functlonally, as shown in Table- 9
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Table~9 Phasing Plan of the Debrls Flow warning System
: PrOJect

o ' : : Project Financial
‘Stage Structure of System Period Cost
: i : : ' o {month) (106 ven)

Rainfall ganging'statidn 8 stations

2 Debrls flow sen51ng ' ‘4 stations
1 '::1 statlon E ' o 24 1,021
3 _Telemeterlng repeater 9 stations |
' statlon" |
4 Superv1sory equlpment : '1_sét_
o - Ab0ve mentloned systems _ _ :
2 '=5-_Small radar ralngauge -1 set 29 1,408
Above#mentloned Systems .
6 Water level. gauglng ... -6 stations.
~ .station : REETE
-3 _ 7a'Warn1ng control eQUlpment _1.set1_.'-a 29 1,895
'IHBV_Warnlng repeater equlpment 1 set '
" personal computer g 1 set

10- Speaker warning station 11 stations

_ fAbove mentloned systems - |
4 11 Debris’ flow v1sual o '2'Stations '29 2,097
: statlons N
12 Monitoring station ”l'sﬁatioﬁ
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4., SECOND PRIORITY PBOJECT

(1) Alternatives

The faciiities which have such functions as sediment yield
suppfession,. sediment runoff regulation and sedimént runoff
storagel are selected as a candidate for the second prlorlty
project among'the Revised K. Mujur Master Plang The construc-
tion order of the candidate facilities for the second priority
project are decided on the basis of the following consideration.

(:)- Sediment control facilities function effectively as .a
whole system of them including the all’ faCiliEieS
completed upon to then. Therefore all the existing
facilities are included in each alterhatiVé, | |

C) The construction of the proposed facilities ‘must be
started with check dams situated at the upstream of the;
ex1st1ng check  dam. And the construction must be
continued toward the upper stream. ' '

C) After most of the check dams are completed the construc—
tion of sandpockets situated in the fan area must be
started flom the top of the fan towaLd ‘the down stream.

By dividing ‘the construction order into some. sﬁéges, six
alternatives have been chosen as shown in Table 10,

Among the alternatives, from the socio-economic and technlcal_
view points, the alternative P2-3 is the ‘most feasible and
selected as the second priority project. ' |
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Table-10 Result of Economic Evaluation for the Second
Priority Project

‘Bconomic Cozt

Alter- - ' Magnitude .
native = Combination of of Plan Capital Cost Maintepance I,R.R  N.P,V.
. Plan ~ Faoilitles {year) (106 rp} Cest (%)
. . : (lo_ﬁkp/year}
p2-l 11, 12,12, 3 - L 5,339 0 6.48  12.1
p2-2 - 11,:12, 13,71, 2, 3 20 : 5,902 ( 5.91 2.1
‘P23 - 11, 12, 13, 1, 2, 3, 40 © 7,089 ] 5,29 12.1
4, 5, 6 S -
P-4 11, 12, 13, 1, 2, 3, 55 13,057 0 2.54  10.3
4,50 6,7 -
o op2-5 1Y, 12, 13,1, 2,3, 15 - 22,462 40 0.51 2.9
: 43 5; 6,7, 8 . o . o
p2-6 11,12,.13, 1, .2, 3, 90 . 13,786 107 0 -
4,5,6,7,8,9, 10 o : :
"Wo. - Facility name - . © . No. © Facility name
- 1. 'BS. sat check dam No. 5 8 Benda sandpocket
2 w .- Ho. 6. 3 Kertosarl sandpocket
.3 . Mo, 7. 10 . Kloposawit sandpockét
4 » No. 3 11 B3. 8at check dam No, 2
5 - No. 9 12 . " " No. 3
6 n T No. 10 13 » . Mo. 4
7 sumbersari check dam
o " < g ;) 0
I ) T
" o 8.’ a o 2 o
1
IR, S -
& T \ .
.. 4 - \)\
Lo 20 . 40 60 80 's's]
) Return Pariod | Year}
- . : .
= af 30 - :
= = . o
.8l 20 - ER, V< 2 A A o LEGEND
X A . O @ Total ¢
P : A ﬁ/ L / . @ Totaol cosf
z5 o R g - A Tolal Banatit
_ S 4 . i
s mhh e M Q1. RR
0 ; : I '
A . / S O ——N.PV
.____,_4»_,.—-"”" ~ {Nat Pressnt Valug)
'._-_____;_ ______ L ) \\ ) . r Discount rate
. 3% _ S _ e - )
0 20 40 ) o B8O 100

Refurn Pariod {(Year)

Fig.-3 I.R.R., Total Benefit and Total Cost of Alternatives
: - for the BSecond Priority Project
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(2) oOutline of Project
Facilities to be constructed by the second priority project are

shown in Table-11.

Table-11 Outline of Second Priority Project

No . Facility o Specification:
1 BS. Sat check dam 5 H= 8m  L=190m Vc= 7,800m°
2 BS. Sat check dam 6 H= 8m  L=186m  Vc=10,000m>
3 BS, Sat check dam 7 H=19m  L=320m  Ve=49,000m>
4 BS. 8at check dam 8 H=1lm 'LilOZm _ Ve= 6, 400m3
5 BS. Sat check dam 9 H=17m  L=198m Vc=18,000m3
6 BS. Sat check dam 10  H=17.5m L= 72m  Vc=12,000m°
11 BS. Sat check dam 2 H=11.0m L=197m Vc=14, OOOm3
12 BS. Sat check dam 3 H= 9.0m L=200m Ve-13,000m>
13 BS. Sat check dam 4  H=10.5m L=203m Vc= 9,100m3

H :  Dam height

L : Dam length

Ve:  Volume of masonry concrete

No.l1, No.l2, No.1l3: existing-facilitiés

{3} Construction Schedule

The construction period of the second priority project is six
years including surveying, detail designing, tender and
preparatory works. Refer to Table-12.

(4) Project Cost

According to the above-mentioned constructlon procedure, the
project cost of the second priority project amounts to bé 10.2
billion Rp. and summarized asg shown in Table-13.
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Table-12 Project Work Schedule for Second Priority Project

Fiscal year | . ist 2nd 3cd dth - Sth - 1. &th
pesor iptlon .4 9 3|4 g 34 9 3|4 5 34 9 34 9 3

1. Englneering Service

{1) Design ’ e
{2) Tender S . —
{3) Procurement Process - [ ——

{4) Conatruction Suﬁarv {sion

2, Clvil worka

(1) BS, Sat check dam. 5
{2} BS. Sat check dam 6 1« :
{3 Bé. Sat check da'mr 7. . == : :
{4) B8, sat.check dam.§ '
(5) BS. Sat chack -dam 9.
_(6) B3, Sat chack dam 10
m

o

Preparution work . by

Table-13 Financial Cost of the Second Priority Project

. S Foreign . Local Total

Item _ Currency Currency
I ' 10 6 ven lﬁsuRP 108 yen
-1. COnstiuctioﬁ'equipmént e 1,010 S - 1,010

.2.:Spare parts and Gonsumable | .

'maLerlals 227 - 227
3. Civil works 224 - 3,169 1,398
4. Land acquisition = = = - 2 10
“5.fEngineetihéfsegVices_ | 233 232 319
‘6. Government ladrﬁinistxatibﬁ - 248 92
.?ﬂfContlngency j':  o 220 1,365 726
. 106yen - 1,914 1,867 3,781
Total 10%rp - 5,168 5,040 10,208

Sy - 50.8% 39.4% 100%

| Bésed'bh7the pficé-level‘of fiscal-year'IQSZ,
~Yen evaluation: US$1 = ¥240 = Rp650, 1 Yen = 2.7 Rp
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(5} Preoject Evaluation

Economic cost, economic benefit and TI.R.R. of the
priority project are concluded as follows;

KEconomic cost 7,059 x lO6 Rp

Economic benefit 19,740 x 10° mrp

I.R.R 5.3%

second
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5. PRELIMINARY PLAN FOR WATER CONSERVATION

(1) Ppreconditions for Planning
- Prevention of disaster in the area where the developed water

'has a beneficial effect should ‘be assured as the sediment

' control works progress to a certain degree.

- The Pronojiwo dam should be constructed according to the
diversion plan, which 1is an integral part of the first
priority project, to secure safe and easy intake of water at

that point,

(2)f Water Resources pPotential

: Base flow of K. Glldlk and K. Rejali

- Mean base flow dlscharge at the Pronojiwo dam of K. Glidik
is 2. 5 m" /s.

'4"Mean ‘base flow. diScharge at the K. Leprak No. 1 Dam of K.
' 'Rejall is l 0 m /s. :
- The total of the two p01nts is 3.5 m3/s..

Groundwater at. K. Lengkong Fan area

The groundwater b331n volume can be supposed to be some 100 x
_ 106m3 based on the above information, - however the develop~
able. annual mean ‘groundwater .will be some 1.0 ma/s ~at the

maxlmum judglng from the results of the groundwater 81mulation.
(3) Water ConsérVatioh-Plan
The- alternatlves of water conservation pro;ect should include

the follow1ng fa0111t1es._

Intake Fac111ty

fAble to take the base flow dlscharge of K. Lengkong and the
'Pexplolteé groundwater..“ |

'Groundwater Ex9101tat10n Fa0111tj at K. Lengkong Fan
Pumplng Well (Well and Pump)

Water Conveyance Fa0111ty (l)

Tunnel or Open Channel
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Hydro-electric Power Station
Hydro-electric power generation at the

end of the water
conveyance facility (1).

Water Conveyance Facility (Z2)
Open channel from K. Rejali to the irrigation area.

Cultivated Paddy Field
Po facilitate the land improvement programme for the irrigation

area, certain wastelands are reclaimed to be paddy fields in

the K. Rejali and K. Pancing basins.

This water conservation project will produce the following

effect:

Irrigation .

The devastated area extending from the K. Rejali basin to the
K. Pancing basin and not exceeding EL. 500m where there is no
irrigation at present is chosen to be the_target_area for the
irrigation programme. Accordihg to the amount of annual mean
developed water, 3.5 m3/s, 4.0 m3/s and 4.5 m3/s, - areas
of 3,500 ha, 4,000 ha and 4,500 ha will be irrigated through
the year, respectively, as paddy fields,

Hydro-electric Power Generation

According to the amount of developed water, the electric-power
shown in Table-14 will be generated.

Table~14 Hydro-electric Power Generation

Developed Waier 3 3
Ttems 3.5 m/s/y 4.0 m/8/y 4.5'm3/s/y

Maximum output (KW) 2,200 2,200 2,200

Annual output of electric

. : 16.°
energy (109 Xw) 6.7 18,5 1%.5

{4) Alternatives of Water Conservation Plan

A number of possible water conservation plans can be developed
based on a different combination of facilities.
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Table-15 shows the alternative plans for water conservation and

their

respective economic evaluation. From the table the

followings are summarized:

®

®

Among the alternative plans, the plan B in which there is
no groundwater development - with the open channel water
conveyance system shows highest I.R.R, of 16.19%;

However, as the economic evaluation of each plan is
carried out on the basis of the annual mean amount of the
developed water, the stable water supply by the
grdundwater dévelopment during the dry seasons should be
also eVéluated reasdnably in the next detailed study;

Ftom_rihe_ standpoint. of maintaining the area's basis of
1ivelihood as wéll as economic considerations, SQveral of
the water development plans examined are thbughél_to be
promising undertakings. Should it be judged desirable to
execute such undertakings; it would be mandatory to
confirm their feasibility by carrying out a more advanced
study than the present one,

‘Table-15 Preliminary Economic Evaluation of Water

Conservation Project -

Alte

r- Economic Maintenance Developed Power Internal
native Cost _ Cost Water Generation Rate of

' Return

- - | o (I.R.R.)

(106Rp) . (106Rp/Y)  (m3/s).  (L0SRWH/Y) (%)

A 23,832 155. 4 3.5 16.747 10.41
B 14,482 99,4 3.5 16,747 16.19
C 25,416 718.4 4.0 '18.500 9.56
D 16,064 662.4 4.0 18.500 14,61
B - 26,998 1,282.0 4.5 19.473 8.65
F 17,646 . 1,226.0 4.5 19.473 12.97
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6. CONCLUSION AND RECOMMENDATION

(1) Master Plans Review

As a result of the Master Plans review carried out based on the

new survey data including the disaster of May, 198l, several

problematic areas in the said plans were identified. Further,
below-mentioned revisions and additions to cope with a number

of problems found in the said plans are presented here,

(E) Basic changes in the volcanic debris control plan as well

as revisions in the facility plan.
(:) Reinforcement of the current warning system.

(:) Preliminary Plan for Water Development

we strongly believe that this plan would be embodled as part of-
the Master Plans finally authorized by Indonesian Government .,

(2) First Priority Plan

The sediment control facility project for K. Rejali basin and
the debris flow warning system project for .the = entire
southeastern slope of Mt. Semeru has been chosen as the most

feasible and recommendable first priority project.

(A) First Priority Sediment Control Facility Project

The project is composed of the following facilities and giﬁes
the beneficial economic effect of I.R.R. 8.8%.

- Three sabo dam (one at K. Re3a11, two at K. Glldlk)

- A set of diversion channel of 1.3km {Curah Kobo an to
K. Lengkong)

- One sand pocket at K. Rejali

~ A set of water conservatlon fa0111t1es for paddy fleld
irrigation of 1,000 ha.

This project to he completed in 6 years will cost as follows:
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Financial cost: 29.1 % 10% Rp

Foregin currency portion: 13.2 X 102 Rp (45%)
_ (4.90 x 10% Yen)

Local currency portion: 15.9 x 109 Rp (55%)

After the completlon of the pro;ect, the propertles in the area
of ~ 40km?. and 15,000 inhabitants of K. Rejali would be
protected. '

(B) Debris Flow Warning System Project

This'.project' composed of the following systems and the
facilities in the systemn.

- Information colledtion system
: .1 sﬁall radar ‘raingauge station
. 8 telemeter rainfall stations
. 4 debris flow sensing stations

8
4
2 debris flow visual measuring stations
6

telemeter water level stations

- Informatiéd_prdcessing system
. A set of information processing center at Mt. Semeru
Project, |
. . A set of monltorlng station offlce

- Publlc 1nformat10n system
. ll Speaker statlons

This prgjeCt'_to be:”completed. in 5 vyears including the two
year's test operation, will cost as follows:

Flnan01al cost | : : 5.7'x:109 Rp
7 Forelgn currency. portlon 5.0 x'loglRp (88%)
| | (1.84 x 10° Yen)

'LoCal'éurrency portiohi" 0.7 x 109 Rp (12%)
Thls pro;ect would cover the entire southeastern slope of Mt.

Semeru and protect 40,700 inhabitant’ s lives from the sediment
dlsaster.



Execution of the debris flow warning system project can phased

at 4 states classified functionally. The Project cost at each

stage is 1,021 million yen, 1,408 million yen, 1895 million yen

and 2,097 willion respectively.

(3) Second Priority Project

the sediment control facility project for K. Mujur basin has
been chosen as the recommendable second priority project. This
project is composed of six check dams, and gives the beneficial

economic effect of I.R.R. 5.3%. This project to be completed

in 6 yvears will cost as follews:

9
Financial cost: : 16.2 x 10° Rp
. 9 .
Foreign currency poertion: 5.2 x 107 Rp ({51%)
(1.91 x 10° ven)

Local currency portion: 5.0 x 109 Rp (49%)

After the completion of the project, the properties in the area
9 ¥ .
28km~  and 19,000 inhabitants of K. Mujur basin would be

e

rotactag,

e

{4) Water Conservatiocn Plan

Assuming that the precondition of security against volcanic
debris disaster in the target area has been guaranteed and
further supposing water use of irrigation' and production of
slectric power, T.R.R, of between 8.7% to 16.2% was obtained as
a result of the preliminary economic evaluation for the six

alternative preliminary plans.

From the standpoint of maintaining the area's basis of
livelihood as well as economic considerations, several of the
water development plans sxamined are .thought. to be promising
undertakings. Should it be judged desirable to execute such
undertakings, it  would  Dbe mandatory to 'canfirm “their
feasibility by carrving out a more advanced study than the
present one,
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{5) Proposed Project

gediment control facility project. for K. Rejali basin is herehy
recommended for immediate execution as an urgent project to
preser&e and maintain human lives and properties as well as for
stability and security of the area's living environment and

livelihood.

Moreover, it would be also recommendable to execute the debris
flow warning system project, which would greatly contribute
toward safeguarding human 1lives always threaten by sediment
disaster in the entire southeastern slope of Mt. Semeru, in
parallel 'with_ the above-mentioned sediment control facility

project.
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1. INTRODUCTION

1.1 BACKGROUND OF THE STUDY

(1) Positionihg'of Sabo Work

The Directorate General of Water Resources Development (DGWRD),
Ministry of Public Works (MPW) of the Republic of Indonesia
gives the following three points as major objectives for the
achievement of the national development shown by the Third Five

Year Plan (19279/80 w'l983/84), which is the national plan of
Indonesia.

(:) To maintain the safety of agricultural areas,

(:) To sécure the fairness among people by the maintenance of
safety in local areas.,

(i):'To secure the stablllty of proauctlon act1v1t1es by pro-
" tecting 1ndustr1al areas from dlsasters.

Wlth a view to achleV1ng these objectlves, such policiesfés
river ‘improvement work, sediment control work, the prediction
of flood and. sediment dlsasters, the conStruction 6f dams and
reserv01rs to regulate floods and the malntenance and control

of rlver structures have been 1mp1emented.

The sabo work is carrled out not only as a part of the general
river ‘work but alsc as a part of the speCLal progects, where
the preventlon of dlsasters accompanylng the eruptlon of an
actlve' volcane is the main objectlve. A total of four
progects, includihg"the  Mt."Semeru Project, are currently in

operation as special projects on the iglands of Java and Bali.

(2) - Mt. Semeru Project

The.mt; Séméfu:Prpject_was'foqnded'in 1976 by MPW as the fourth
sediment cbnf;di-projeét for'aétive volCano, when thé volcanic
aétf?itieé of Mt. Semeru became active and a number of debris
flows frequently occurred. The PrOJect_took over the original
work ‘conducted by the Provincial Government of East Java,



Semeru Project Office through the Direc-

MPW supervise the Mt.
At the time of a disaster occurring

torate of Rivers of DGWRD.
in the area, MPW carries out measures to prevent the Spread.of

the disaster around Mt., Semeru in cooperation with the Ministry
of Social Affairs, the Ministry of Transmigration, the Ministry

of Defence and the Ministry of Mining and Energy.

The Mt. Semeru Project Office was opened at Lumajang in 1977

and has been conducting a series of work such as the construc-
- tion of sediment control facilities, disaster relief activities
anda research and planning in order to protect people's lives

and assets from sediment disasters.

{3) Background of the Present Study

The debris_flow which occurred in May, 1981 caused 9xténsive
damage to the area in the southeastern slope_of Mt. Semeru.
369 people were either killed or reported missing, 127 people
"were injured, 535 houses. were damaged and 539 ha of paddy
fields were flooded, resulting in serious social and economic

after-effects in the area.

Concerned about the possibility of another large dlsaster
caused by flood, occurring due to the large voiume of sedlment
wthh had accumulated along the river channel and being ea51ly
dlslocated the Government .of Indonesia requested economic aid
fOr urgent rehabllltatlon prOjeCt mainly .centered on the K.
Mujur Basin and, ~as a result, the Japanese and IndoneSLan
Governments agreed on a loan _Erom the Overseas Economlc Co-
operation Fund (OECF) to be glven for the said prOJect The.
actual start of the work is currently being prepared.

Hoping to implement systematic disaster preventlon measures in
order that a similar disaster should not take place again in
the long-term perspective, the Government of Indotiesia also



requested technical'assistanCe in regard to this study - "The
FeaSibility Study on the Volcanic Debris Control and Water
Conservation Project in the Southeastern Slope of Mt. Semeru®
(the Study) UPOn receipt of this request, the Japanese
Government dgecided to carry out the study through the Japan
Internatlonal Cooperatlon Agency {JICA).

Prior to the Study, a prellmlnary study team was sent to
Indonesia by JICA in December, 1981 and the “Scope of Work"
(8/W} for the Study was prepared on the basis of the field
survey. This S/W (refer to Supplement-l) was mutually agreed
upon on 'December 18, 1981 between DGWRD of MPW and 'the
preliminary study team.

l.2 OUTLINE oF - THE STUDY

The Study was conducted for 31 months on aggregate, from the
submission of the “Inceptlon Report" in April, 1982 untll the
submission 0f the "Final Report" in December, 1984 by the study
team headed by Dr. K01ch1_H1rao, organized by JICA (the Study
Team) under the superVision of the Work Management Committee
headed by Dr. Masayoshi Matsubayashl, in close cooperation with
the Indone51an Government.

Names of the members of "the Study Team and the Work Management
Commlttee are listed in Supplement -2 and the mlnutes of major

meetlngs are glven 1n Supplement-3,

(1)' Objectives of the Study

Tne objectlves of the Study are to conduct a fea51b111ty study

 on the PIO]eCt to prevent sediment - dlsasters in the south-
jeastern slope of Mt, Semeru, and to assess the water resources

potentlal to be. developeo in accordance with the actual
;mplementation of the sald project. '

in adaltlon, the transfer of plann;ng and survey;ng technology
to counter parts of the Government of Indonesia through their
'dlrect partlclpatlon in thlS Study should alsc be materialized.



(2) Study Area

The area to be studied (the study Area) is the southeastern
East Java

slope of Mt. Semeru, located in Kab. Lumajang,
. The major

Province and its area is approximately 730km
river systems in the Study Area are the K. Mujur, K. Rejall and

K. Glidik river systems. Refer to Fig.-1l.l.

(3) Procedures and Items of Study
The Study can be divided into the following four stages. The
basic concepts for each stage are described below. Refer-to.

Fig.-1,2.

(1) First Stage (March, 1982 - May, 1982)
- Draft the Inception Report and conceive a comprehensive

plan for the Study.

(g) Second. Stage (June, 1982 - May, 1983) _ S
- Obtain the necessary data for the Study through field

investigations.
- Review the existing Master Plan.
-~  Select the priérity.projécts.
- Plan and design the First-Priority Project.

(3) Third Stage (June, 1983 - March, 1984)
- Propose the Revised Master Plan,

- Evaluate the feasibility of the Fitst—Pridrity Projeét
and prepare its implementation program.

- Conduct a supplementary field survey for the evaluation
of the Second Priority Progect

- Prepare the Interim Report,

(:) Fourth Stage (Junhe, 1984 - December, 1984)
- Evaluate the feaSlblllty of the Second- Prlorlty PrOJect'

- Complete the Final Report on the Study.
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{(4) Contents of the Study

The Study is divided into the following three phases,

(j) Field Investigation
(Mainly performed in the study area)

(:) Analysis and Examination
(Performed in. Japan using the fleld survey data)

.(i) Planning, Desigh and Evaluation
{Make feasibility studies on the Priority projects)

The main study items in each phase and their study flows

“shown in Fig.-1.3.

are
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2. CONDITIONS OF THE STUDY AREA

2.1 NATURAL CONDITIONS

2.1.1 TOPOGRAPHY

Mt. Semeru, the highest mountain of EL. 3,767m in Java Island
and an active'stratOVOlcano, is located in the east of long and
large Quaternary volcanic arc running from east to west in the
center of Java Islahd called Solo Zone or Sunda Quaternary
Volcanic Arc, and belongs to Tengger-Semeru Volcanic complex
extending from north to south that is one of the volcanic
complexes forming Solo Zone.

Tengger—Semeru volcanic complexes are morphologically clas-
sified into the following three units. (from A. SAKAI, I.
SURYO, '1980) Refer to Fig.-2.1.

-  Tengger mpuntafn_range

- ' Jambangan volcanic omplex

~ Semeru volcano

KEY MAP

=

- STRAIT OF MADURA

. Probalings
o .

TENGGER

¥ b

e JJ&&%M‘EE!' ' \.
B o . . Mt Semeru
' 2 Lemsjang ' LE G END
-

v

il ] o
E / . '-v‘&w Pasirign {/z ]
. "’,‘.}%‘ “' ] . i i Jambangan Yedcenic Complex
I . O

2

Teﬁg"ﬁr Hountdin Renge

™, &‘Q - _ Semery Voleeno
S —

INDONESTIAN OUERN " ee——  Peesumed Transverse Fautzont

Tertiary Mountaing -

Fig,~2.1 ~Bchematic Geomorphological Unit Map
' _of Tengger~Semeru Volcanic Row
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Among them Mt. Semeru is the youngest and is formed on the

southern slope of the Jambangan volcanic -complex which is the
To the south of Solo Zone in the

oldest among the 3 units. _ : 7
Southern Mountains

study area, the mountain range called
comprising the Tertiary system runs from east to west in

parallel with Solo Zone.

The Study Area covers both Solo Zone and Southern Mountains and
is roughly classified into the following ¢ areas according to

the geomorphological characteristics. Refer to Fig.-2.2.

Semeru Volcano | a. Main part of volcanic cone
(EL. 1,500m to top)
b. Velcanic fan
{EL. 150 to 1,500m)
c. Volcanic piedmont periphety
(EL. 0 to 150m) '

Southern Mountains d. " Mountains and hills -

The volcanic activities of Mt. Semeru, which are the origin.of
the sediment disaster in the Study Area, are characterized as

follows:

- Nuee . Ardente and Lahar are concentrated on the southeastern

and south slope.

- Judglng from dlstrlbutlon ot .volcanic e3ectaments (ex. ash
falls, bomb, etc ), there seems to have been no large scale

eruptions in the past,

- Cycle of the active period and dormant perlod haa been

repeated many times.

- The crater is gradually shifting toward south.
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2.1.2 GEOLOGY

Geology of the Study Area 1s largely divided into Tertiary
system and Quaternary system. Quaternary system forms volcanic
ranges including Mt. Semeru on the north side of the Study Area
and Tertiary system forms steep mountains on the souﬁhwestern
side of the Study Area. Refer to Fig.-2.3 and 2.4,

The Tertiary :system comprises various volcanic rocks such as
andesite, tuff and_tuff breccia. The lowest layer is composed
of the altered_ green tuff, There seems t¢ be unconformity
between'these:green tuff and the unaltered volcanic rocks lying

over the former.,

The Quaternary systém'isfiargély classified idtb older volcanic
producté, which are volcanic products of Jaﬁbahgan volcanic
compléx, and younger VOlcanic' products' whidh' are . from Mt,
Semeru. Most of the Study area is covered with younger volca—
nic products. The youngeg volcanlc products ‘can be also
classified into the follow1ng types accordlng to the com9051te
materlal, mode of occurrence and compactness.'

a. Prlmary volcanic Products

b, ”Secondary volcanlc products
(Eplclastlc volcanlclastlc dep031ts)
bl. Younger_Lahar.dep051ts

b2. Older Lahar deposits:

“¢. Alluvium |

Primary.volcahic_produ¢ts-are composed of.thdse directly from
the center crater otharasiﬁic volcanoes., They have not moved
from the original plége in spite of rain, etc. Most of them
are distributed oveﬁ_thé-afea above EL. 800m of Mt. Semeru.

Sécdndary volcanic products (epiclastic volcaniclastic depOSitS
in - terms of volcanology) are 'thosé of the primary volcanic
prOduéts which are'mOVEd_wiﬁh water and redeposited. They are
_cbllectiVely ‘called Lahar deposits, and are distributed over
the area from EL. 800 to 150m, Lahar deposit can be classified
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into loose younger Lahar deposits and well compacted older
Lahar deposits_accdrding to the degree of compactness. Older
Lahar deposits form an old volcanic fan such as K. Poh Fan and
younger Lahar deposits form a new volcanic fan covering the old
volcanic fan. '

The stratified alluvium is distributed in the lecanié'piedmont
periphery which surrounds the Volcanic fan and comprises round
pebbles, sub angular pebbles, sands, silt and clay.

From a hydrogeologlcal point of v1ew, it abpearél that ”the
Tertlary layer ~and the older volcan;c products (Jambangan
volcanic complex) form an._ impérméable foundation in " the
piédmoht of Mt. Semeru and loose: volcanic ptoducts from Mt,
Semeru have accumulated on ‘top of it forming a 'permeable
layer. The general 'hyafaulic structure of the aquifer is
conéidered .to be a stratlfled structure whlch is strongly
regulated by the stratlfled structure of Mt. Semeru itself.
90331b1e water veins there w1ll be fragile lava, old valleys, a
layer of lahar deposits with a large volume of pebbles.
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Fig.-2.4 Schematic Geological Profile of the:Stuay Area



" 2,1.3 CLIMATE

The Study Area belongs to the Tropical Climate Zone and has

dlstlnctlve rainy and dry Seasons. The annual rainfall is from

L,500mm to over 4,000mm and the annual 150hyetal lines shows a
'gradual increase almost parallel to the contour lines of Mt.

Semeru (refer to Fig.-2.5}.

The rainy season generally starts in November until Apri; and
the dry season extends from May until October. although this
distinction is clear at a low altitude, it gradually disappears
in accordance with a hlgher altitude show1ng a lot of ralnfall
throughout the year (refer to Fig.~2.6}. baily rainfall of
over 300mm has been observed at the Busk Sat Observatlon Sta-

tion at EL. 795m (refer to Flg.-2 7).

Accofding te the records of the Gunung Domas Hilir Metéo-
rological Station, which is located in the eastern part of the
Study Area, the mean annual temperature is 25.1°C. The mean
monthly temperatures are between 23°C - 26°C, showing a nafr6w
temperature range 1in this area. The annual mean relative
humidity is as high' as 90% with almost no monthly
differentiation (refer to Fig.-2.8).

GOUBUNG'DOMAS
RILIR
N K.REGACL  [MUIUR
? » .
Gﬁfnq J INDONESIAN OCEAN
‘\ SgALR
“\f"] K.GLLDIK (1951/52-1979/80) L2t

Fig.-2.5 Annual Isohyetal Map
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2.1.4 RIVERS

{1} River Channel Systems

The rain in- the southeastern slope of Mt. Semeru radially cuts

valleys into the mountainside, forming the K. Mujur, K.
and K. Glidik river systems, located in this order from east to

Rejali

west in the Study Area. These rivers eventually pour into the

Indenesian Sea (refer to Fig.-2.9).

K, Mujur river system

The K. Mujur, located in the eastern part of the Study Area,
has the following main tributaries: B, Sat, B. Tompe,-  B.
Tungeng, K. Poh,. B. Semut and K. Pancing, forming the Poh fan,

Sat fan and Semut fan.

Before the 1909 disaster, the B. Sat flowed into the B. Sat
Rama (the old B. Sat) which ran almost at the center of the'sat
fan. After the disaster, however, the K. Sat was artificially
diverted to the K. Tsungen near the Keruto 8Sali village,.
located at the fan top of the Sat fan in order to prevent
floods from édvancing to the Lumajang area. As a result, the
K. Mujur became 'a river with a large sediment flow as it
incorporated the catchment areas for the B. Sat and the B.
Tompe which had extensive sources of sediment yield upstream.

In the 1981 disaster, lahar destroyed the Leches dike at the
diverting point of the channel, causing extensive damage to a

wide area,

In 1941 and 1542, the lava flow from Mt. Semeru came down .to
EL. B800m of the B. Semut and completely buried the valley. As
a4 result, the B. Semut and the' K. Pan01n, -whlch were
tributaries of the K. Mujur, lost the upper stream of the K.
Cura Lengkong, which is now a. trlbutary of the K.'_Regall
system, thus becoming underfit rivers. They are curiently
quite stable, however waste land, due to past_ disasters,
spreads over the Semut fan. .
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K. Rejali river system

The K. Rejali, located at_the center of the study Area, has
tributaries with large sediment production, namely the C,
Lengkong and the C. Kobo'‘an upstream. It runs through the
Kobo'an valley, which is c¢reated in a tertiary mountain mass,

forming the Rejali fan downstream.

Because of the large volumé of sediﬁent flow, the main sﬁream
which formally ran into the K. Rejali until 1976 changed its’
direction at the fan top and currently runs into the K. Leprak
and the K. Regoyo which are located to the west of the fan.

The fréquent occurrences of lahar disasters: recently seen-
- the Rejali Fan are possibly explalned by the follow1ng two
- reasons. Firstly, it has the C. Kobo'an, which gets a direct

supply of sediment from craters at 1ts head. Secondly, due tq--

the change over of the upper river ba51n of the B. Semut to the

C. Lengkong as a result of the eruptions in 1941/1942 the K.

Re3a11 has become an overfit river where the increased flow of

water and sediment exceeds the transportation capa01ty of - the

river channel.

K. Glidik river system

The K. Glidik, which is located in the weStern part of ‘the
Study Area, has the largest basin of the three rlver systemsa

It incorperates the K. Lengkong which runs east along the ..

tertiary mountain mass into the main channel which runs south
in accordance with the natural incline of the area. '

The K. Lengkong currently produces the 1argest sediment flow as
it incorporates the B. Supit, B, Bang and B. Kembar, whlch
erode the pyroclastic -deposits which are. formed by volcanlc-
egecta daily produced by craters. The K. Lengkong shows a;.
feature of an alluvial river upstream from *he Pronojiwo Falls,

as it meanders due to the gentle incline of the ground - Part

of the- rlver has become a lake as pyroclastlc prodiucts from the
1976 eruption have blocked part of ite channel. The Lengkong
fan is formed to the north of channel and downstream of the
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falls, a deep V shape valley has developed as far as the
confluence point with the main river.

At'the middle and downstream of the K. Glidik, a narrow valley
bottom plain, where the difference in relative height with the
present riverbed is small, has been formed ©providing a
vulnerable situation for the occurrence of sediment flow.

Downstream, to the west of the Tenpulu Sali Plain, has become a
raised bed_river,_where the difference in relative height is
some 30m, suggesting a current conspicuous rise of the riverbed
when taking into account the almost non-existant river terraces.

(2) quply Sources of Sediment

A direct supply of sédiment into the channel system comes from
valleys which are well developed at the main part of the
volcanic cone. ‘The characteristics of these valleys as supply
sources of_ Sedimeht can be classified as follows (refer to
Table-2.1). '

Volcanic Valleys

Those valleys where volcanic ejecta from craters can easily
find a way to flow in, thus making a source of a large volume

of sediment.

Degrading VailéYs

Those valleys which have become the source of a large volume of
sediment as they are situated next to a large area of degrading

lahd'at the river heads.

Stable valleys

Those valleys which produce only a small volume of sediment as
they have neither a direct inflow of pyroclastic products nor a

large area of degrading land.



Table-2.1 Source Valleys'of Sediment

Channel. System X. Mujur K. Redali K. Glidik

Category
Volcanic vValley - C.Kobo'an B.Bang:
B,Kembar
B.Sarat
Degrading Valley B.Sat ' C.Lengkong B.Spit
B.Tengah B.Cuglp
R.Tunggeng B.Glidik
Stable Valley B.Tompe
K.Poh . e
K.Mujur - ~K.Bening -
{upstream) K.Lengkong -
K.Pancing .
B.Semut

(3) Riverbed Materials

As shown by the grain size distribution of the riverbed
materials for the three river -systems (Fig.-Z;lO), ‘the
conditions are disadvantageous in view of the stable riverbeds
since armouring coat has not been formed due to the extremely

wrong distribution.

The grain size distributions of deposit at K. Lengkong fan and
~hill side of breaking zone are very similar to that of
transport sediment as it contains a fair amount of fine sand.
The floating sediment has a silt content of 70-90%.

The density of the riverbed materlals and the results of the
spot density tests are shown in Table-2. 2. The vacancy rate at
the river bed is found to be 40-50%. R
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Fig.-2.10 Grain Size Distribution Curves

Table~-2.2 Spécific Gravity and Field Density

Classifi-{ Location Specific Field Volumetric
cation : L {Position No.|Gravity |Density | Density
R-2 2,777 1,535 | 0.55
Riverbed - : .
MaterialsiK: Rejali R-4 2,793 1,675 . 0.60
R-12 2,824 1,435 0.51
Flowing’ |K. Lengkong 2,751 -
Debris  |[11l:20 Feb, 9, 1983
K. Lengkong 2,739 -
. : |14:40 Feb. .9, 1983 .
Suspended| - B .
Materials|K. Lenkgong : . 2,718 -
14:00 Feb. 15, 1983
k. Mujur ' 2,806 -
) |17:25 May 1, 1983 :
Hillside |Landslide Zone at 2,727 -
Materials]BS. Tunggeng

* Given from specific gravity and field density.



{4} Record of Floods and Density of Runoff Sediment
Table-2.4 gives a list of floods where the diScharge was over.
It can be

200m>/s, which were observed from 1983 to 1984,
On May 3,

seen that frequent floods occurred in the K. Glidik.
1983, a discharge in the order of 3,000m3/s was observed at
Pronojiwo on the K. Glidik which was a debris flow including a
large amount of sediment. In respect to the K. Mujur, a flood
of more than 100m3/s did not occur during these two years. '

Table~2.3 gives the results of the density measurements of
transport sediment conducted in February and March, 1983. 1In
respect to the K. Glidik, a debris flow with a density volume
of 50% and a fluid density of l.85t/m3, was observed,

Table-2.3 Debris Density of Flowing Lahar

gbserved Yolume Escimated Valua
. . . Watar * —T" -
Bate Tizz Scaclon- Dischergel (D Toral |@ Soil O Water ®pa (1}]
(m /8) Yolumae
(= ) (zr) {gr)
Peb, ¥, 1983 | 11:20] Prowojiwo Bridge II 5%8.0 3530 - 612,350 315,125 0.41 1.75
(11:00) ' _
Feb. 9, 1983 | 11:20 Pi‘ouq‘jiuo Bridge I 398.0 - 830 710,875 270,075 0,49 1.85
{11:00) )
Feb. 15, 1983 13:00f x. Leng_kotsg i . 19.2 1900 186,650 | 1462,800 0.02 1,08
Feb. 15, 1983( 14:00{ K. Leogkeng T 3.78 [. 1900 516,800 | 1652.075 ] 0,13 1.14
e - (14:15) . o
Feb, 8, 1983 | 15:00( X. Laprak II 1.2 | s 7.200 | sas.ese| . - i.02°
Feb, 8, 1983 | 16:60{ K. Legrak I 1.1 530 18,375 | 524,625 | o0.01 1.0z
Mar. 16, 19831 15:30{ Hujur Bridga 10.8% . 2000 10,525 1995.450 Q.00 1.00

;. Specific Gravity of Lahar D = S:lzijg:l
Cd: Volumetric density pd = _

* Estimated Value from Flood Mark



_..24 j—

Table~2.4 Main Observed Floods

(K. Rejali)

ﬁﬁgﬁggls' Rainfall Stations & Thiessen Coefficient
(m3 g) 10 30 31 32_ 33 ; 38(11)
Data Ré-q G. Sawur G. Leker G. Pakis Kamar A Wonore- Curah
{1983) K. Leprak ' nggo Kobo'an
MO D aeck 0.02 0.36 0.06 0.18  0.03  0.35
1/May/83 422 o X x X - o o
26/May 289 (o} X x X o o
24/Jan/84 307 © X ® o O o}
1/Feb/ 223 0 X o X X o]
o _ : (K. Glidik)
g§:§gglsf Rainfall Stations & Thiessen Coefficient
(m3/s a 30 3l . 32 34(14{ .38(11) 42(13)
Data RP—& G._Leker G. Pakis [Kamar A Prono Curah  Supit
Planned jiwo Kobo'an Urang
Pronojiuo g g3 0.02 0.34 0.16 0.09  0.38
26/Feb/83 720.5 X X - o ) X 4]
3/Mar 468.4 X ¥ 0 o % 0
13/Mar 436.0 X b4 o o o e}
19 /Marx 436.0 X X o o] o o}
20/Mar 517.0 S x "x 0 o o o
29/Mar 232.6 % X X (] +] o
19/Apc 243.7 x o 0 o o Q
28/hpr 221.6 X o o] o o] o
1/May 2,956.8 X X X o ) o
3/May 221.6 X o x o o Q
_6/May 421.90 X o] o o o o
7/May %32.0 X X o} (e} Lo} o}
13/May 243.7 % x o o o o
25/May 9985,2 X X % 9] o o]
27/May 243.7. X P X o o o
14/3an/84 456 x x o o o o
16/Jan‘ ' 244 X X o] o o) o]
15/Feb 758 X o X o o re)
6/Mar . 244 x o o o o o
14/Mar ' 244 - X o o 0 0 o

No

%

Data available ©o: Yes



2.2 S0OCIO~-ECONOCMIC CONDITIONS

2,2,1 ADMINISTRATIVE DIVISION AND POPULATION

(1) Administrative Division

"belongs to the East  Java

2

The area of Kab. Lumajang, which
is 1,791km“ and is a

Province and incorporates the Study Area

typical medium size Kabupaten in Java Island. Lumajang cur-
rently consists of 16 Kecamatans as the Kec, Pronojiwo was
dividea into two during the study period (refer to Fig.-2.11).

KAB . FROBOLINGGO

RANUYOSO

" KAB.MALANG

CANDIPTRO

AUPETL,
GADING

PRONOJIVWO

Fig.-2.11 Location of Kecamatans in Kab. Lumajang

(2) Population

As of 1980, the population of Kab. Lumajang is 874,000 with an
average annual population increase rate of 1.17% and 1.36% for
1971-1980 and 1976-1980 respectively, which is fairly low in
comparison with the population increase rate for Indonesia as a

whole (2.32% for 1971- ~1980) and East Java Province {L.49% for
1971-1980). The population density of Kab. Lumajang . is
488/km2f which 1is 1lower than that of West Java Province
(609/km?) | o

One possible reason to explain Lumajang's low populatlon in-
crease .18 the migration of people out of the Kabupaten. 'thisg
migration is caused not only by new employment or- marrlage but
also by the administrative transmlgratlon of people who have
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lost their means of livelihood due to disasters. Taking the
disasters in 1976 and 1981 as examples, more than several
thousand people moved out to resettle at Slawazl, North
Sumatra, etc.

Some 10% of the total population of Kab, meajang'is concen-
trated in Kec. Lumajang, where the local government offices are
located, and the population density and population increase
rate of_thé Kecamatan are 1,167 head/km2 and 3.1% (1976-1980)
respectively.

2.2.2 AGRICULTURE

The basic industry in Kab. Lumajang is agriculture. ' Based on
the 1980 statistics, 118,000 households, more than half of the
total 207,000 households in Kab. Lﬁmajang, are engaged in
- agriculture. 'Agricultural land occupies 86% of the total land
area of the Kabupaten, which is l,654km2. 356km*  and
1,188kﬁ2 are used for paddy rice fields and other crops
respectively, showing that paddy fields  take wup abqut one
fourth of all the agricultural land. '

The . production volumes of the major agricultural products in
Kab. Luméjang'are shown ‘in Table-2.5. As the table Shows, ricé
~is by far tﬁe most important product and supports the local
society and economy. The unit yield of rice is 4.7 ton/ha.
~with husk and is much higher than the average voltume in Hast
Java_'Prévince. {4.3ton/ha.} or the Indonesian - average (3.3
ton/ha.) .- This exdellent yields is considered to be¢ the result
of plenti- ful water, stored by HMt. Semeru, and the good
quality of the soil.

The paddy fields are irrigated using river water and spring
water. Depending on the inStallation.and management situation
of the irrigation facilities, the distinction between technical
irrigation, semi~technical irrigation or non-technical irriga-
tion is _méde, -réSpbnding to  the _reépective case where these

activities are conducted mainly by,governmental organizationsg,



jointly by governmental organizations and village, which is a

beneficiary, or soley by village.

| o : 2
In the K. Mujur and K. Rejali basins, b?km_ of land has been
irrigated by 20 intakes, 42km2, which accounts for ?3% of
the total irrigated area, has been subjected to either techni-

cal or semi-technical irrigation.

A representative cropging pattern is shown in Fig.-2.12 and two
and a half crops or a maximum of three ¢rops are carried out
where adequate irvigation is available. 1In areas of inadequate
irrigation, either double-cropping or single cropping of rice
is carried out while corn, tobacco and beans are cultivated as

secondary produacts.

In addition, the domestic livestock and poultry shown in
Table-2.6 are raised for farming, transportation, food or Ffor

cash income.

2.2.3 SOCIAL FACILITIES

The transportatioh facilities in the Study Area consist of
roads ana railways. . Road transportation has become the most
important method of transportatioh due to the recent increase
of automobiles. The major routes from Lumajang run north
towards Proboringo, west towards Malan bypassing the Mt. Semeru
and east towards Junbel. Although the railway consists of two
lines, one running north to south connecting' Proboringo and

Pasirian via Lumajang and another running east to west branch-
ing at Lumajang towards Jenbel, the services are infrequent an

the maintenance situation is not very good.

The electric power supply cannot be said to be adeéuate for the
demand and the supply and demand is regulated by periodical
blackouts, ' '

Water and sewage facilities are almost'noh~existant. Wells and
spring water are relied upon in daily life while the water
channels and rive;s around inhabited areas are used for sewage,
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Table«2.5 Production of Major Crops -~ 1980

Bource:

(ton)
B Rice Maize Soy Cassava Coﬁﬁée
Kecamatan Bean
1. Lumajang 29,839 2,485 570 830 -
2. Sukodono 19,196 6,374 2,136 4,013 -
3, Senduro 14,045 | 7,207 977 | 780 759
4. Guecialit 133 4,846 Is4a | 3,107 140
5. Klakah 7,314 | 14,918 | 2,978 | 8,553 10
6. Ranuyoso - - 10,488 | 2,742 | 8,393 4
7. Randuagung 15,979 | 8,403 | 2,250 920 8
8. Ppasirian 32,437 6,126 11 1,187 21
9. Tempeh 21,274 3,742 281 | 1,661 | =
10. . Cagdipdso_' - 41,334 2,020 17 1,362 580
11.  Pronojiwo 11,814 423 - | 14,697 904 _
12. Yosowilangun |- 26,636 _4;478 1,647 594 -
13. Jatiroto | 25,404 2,543 676 | 4,400 -
14. Kunir 11,109 4,968 | 1,587 880 -
15. Tekung 12,012 1,849 | 805 590 -
Total 268,094 | 80,870 |17,032 | 51,966 |2,426
Statistic Lumajang 1980

Table-2.6 Livestock and Poultry in Kab. Lumajang f(1980)

{head)
Buffalo|Cow & Ox|Horse| Goat Sheep Pig Ducg Chicken
5,830 | 50,105 |2,369]40,838 | 20,196 | 2,915 68,241 | 688,724
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Fig.-2,12- Typical Cropping Patterns in the Study Area
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