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The following eruptions are mentioned by du Puy (1845), Junghuhn'(1854},
Verbeek (1883), de Groot (1883}, Natuurk, Tijdschr, and Petroeschevsky {1941):

1770
1807
1822
1833/ 34
1845
1854
1855
1856
1861
1863
1871
1876
1876 ( 77
1883
1885
1886
1888
1889
1904
1905
1907 /08
1910
1911
1913
1914
1915
1916
1917
1918
1919
1927
1930
1932
1949
1954
1956
1958
1961
1969

July 23-31

Several short eruptions

November 16 — 18

August 29

October — November 9, December

April

May 23

April 24, Sept. 24
April 4

Aug, 1876 ~ June 1877
December

November 12

March 31 — May 3
February 19 — March 19
March 27 — 29

April 18

November 1

December 17 — September 1908

November 2

June 23 — July 31

July 1

December

May 5 — June

June 16 — 18, Sept. 16
March 8 — 10, August
February 28 — March 1
February 5 — 11, April 28
May, June 19, Dec. 7

?

April 30 - ?

January 18

January 2
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Fig. 4. Simple Correlation
Daily Rainfall Oct. - Dec. '75
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Fig, 7 " -Mass Curve -
Hourly Rainfall
28 Nov. '75
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No. Month

Date

Direction

Max. distance

Quantity

Note

January
February
March
April
May
June
July
August

[C- T - R - N S L TR - B

Scptember

-
o

Octobey

[
—

November

—
N

December

July 29, 1972

Qctober 6, 1972
November 5, 1972

December 16, 1972
December 8, 1972

K. Apu+ K, Trising

5 times
5 times

6 times

1973

Na. Month

Dute

Direction

Max. distance

Quantity

Note

January
February
March
April
May
June
July
August

Wwoee =1 oot A W R

September

Qctober

-
-

November

oy
n

December

March 3, 1973
August 27, 1973

K. Batang
K. Batang
K. Batang
K. Batang
K. Batang
K. Batang

2,500 m
3,000
2,000 m
2,000 m
2,000 m

2,400,000 n?

-

30 times a day




1974

Quantity

No. Month Date Direction Max, distance Note
1 January - K. Batang 1,500 m -
2 February - K. Batang 1,500 m -
3  March - K. Batang 850 m -
4 April - K. Batang 1,000 m -
5 May - K. Batang 1,000 m -
6  June - K. Batang 750 m -
7 July - K. Batang 1,000 m -
8 August - K. Batang 1,000 m -
9 September - K. Batang 750 m -
10 October - K. Batang 750 m 3,500,000 m®> ‘Total until September
11 November - K. Batang 75C¢ m -
12 Decenmber - K. Batang 1,500 m -
1975
No. Maonth Date Direction Max. distance Quantity Note
1 January - - - -
2 February - - - -
3 March - - - -
4  April - - - -
5 May May 14, 1975 K. Batang 1,000 m -
6 June - K. Batang 1,500 m -
7 July - K. Batang 1,500 m -
8  August - K. Batang 1,500 m -
9 September - K. Batang 1,500 m -
10 Qctober - K. Barang 2,500 m -
11 November - K. Batang 1,000 m -
12 December - K. Batang 1,000 m 1,395,901,101 m®  Total until the end of

November
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1972
No. Month Date Direction Max. distance © . "Quantity Note
1 January - - - -
2 February - - - -
3  March - - - -
4  April - - - -
5 May - - - -
6 June - - - -
7 July - - - -
8 August - - - -
9  September - - - -
10 October - - - -
11  November - - - -
12 Pecember - - - -
1973
No. Month Date Direction Max. distance Quantity Note
1 January - - - -
2 February - - - -
3 March - - - -
4 April April 28,1973 K. Batang 4,000 n -
5 May May 9, 1973 K. Batang 3,500 m - 18 times
6 June June 8,1973 K. Batang 4,500 m - 3 times
June 13,1973 . Once
June 16, 1973 5 times
7 July - - - -
B August - K. Batang 1,500 m -
9  September - - - -
10 October October 11, 1973 K. Batang 3,500 m -
11 November November 4, 1973 K. Batang 3,000 m - 7.40; 7.45 A.M.
Novembet 25, 1973 K. Batang 2,500 m -
12 December December 19,20,22, K. Blongkeng, 7,000 m -
1973 K. Batang,
K, Bebeng/K. Krasak
December 26, 1973 K. Batang 2,000 m 2,000,000 m® 8.19 AM., Once




1974 o

No. Month - Date Direction Max, distance . Quantity Note
1 January ' - ’ - - o=
2 February February 18, 1974 K. Batang . 1,500m -
3 March ' - - - -
4  April - ’ - - -
5  May May 4, 1974 . K. Batang " 1,000m - Once at 3.36 P.M.
6 June - - - -
7 July - - - -
8 Aupust - . - - -
9 Scptember - - - -
10 October - - - -
11 November - - - -
12 December - - - -
1975
No.  Month Dau Direction Max. distance Quantity Note
1 January - - - - -
2 February - - - -
3  March - - - -
4 April - T - - -
5 May May 16, 1975 K. Batang 2,500 -
6 June - - 2,000 m - Twice
7 July July 9,10,11, 1975 K. Batang 5,500 m 1,000,000 m® 27 times
8  August - - - -
9  Secptember - K. Batang 2,000 m - 3 times
10 October - K. Batang . 3,000 m - 17 times
11 Nove;nber November 13, 1975 K. Batang 2,500 m - Once
12 December - K, Batang 1,750 m - 4 times
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" Structure
River Date Hou Padt field - - - Cost (Rp.) "Note
{ha.) Road Dike Estimate
Pridge Dam
(m) S (m) . .
) (3) (4) (s) (6) M ® o (10) (11)
1 Krasak 8th Jan. 1969 5 20,75 - - 1 - 12,075,000
2 Krasak  26th Feb, 1969 - - 758 - - - 75,000 +) Provincialroad
PLET
3 Krasak  21stNov., 1969 - - 70+} - - - 70,000 +) Provincialroad
Mt
4 Krasak 7th Jan. 1970 - - - - 1 4,000 62,000,000
5 Krasak  1stOct. 1975 - - j000t) - - - 1,500,000 +) Provincialroad
Miti
6 Krasak  3th Qct. 1975 - 621280  3,500%) - 1 - 208,406,000 +) Pravincialroad
: it
7 Krasak 5th Mar, 1975 26 46.3345 500+ 1 1 2,500 175,315,000 ++) Statc road
(Edbi
8 Gendol 23th Sep, 1973 - 38.4860 - - 2 - 3,522,400
9 Gendol 3th Oct, 1973 - 0.3150 - - - - 31,500
10 Gendo!  16th Nov. 1973 - 2.500 - - - - 200,000
11 Gendo!  10th Nov, 1973 - 0.500 - - - - 50,000 160,000 Rp./ha.
12 Gendol 12th Nov, 1973 - 0.690 - - - - 69,0600 100,000 Rp./ha,
13  Gendol SthMar. 1975 - 9.070 - - - - 907,000 100,000 Rp./ha.
14 Gendol  Sth Jan. 1969 20 156.0 100%) 3 1 - 27,200,000 +) Provincialroad
M
Kind of building
River Date House Ficld . Cost estimatc Note
tha,) Road Bridge  Dam Dike {Rp.}
(k) (m)
{2) {3 (4) (5) (6) )] 8 9 {10} (11}
1 Putih 8th Jan, 1969 2 1.5 0.225 - * * 2,150,000
2 Putih  20th jan. 1969 1 - 0.150 - - - 350,000
3 Putih 22th Jan, 1969 18 - 0.35 - - 1,235,000
4  Putih 24th Jan. 1969 - - 0.150 - - - 150,000
5%  Putih 3rd Feb, 1969 - - - - - - -
6  Putih 10th Feb, 1969 - - - - - - -
7 Putih 26th Feb. 1969 - - 0,075 - - - 75,000
] Putih 1-15th Mar. 1969 7 28,15 - - - - 56,350,000
9 Putih 21st Mar. 1969 - 0,5 0.090 - - - 1,090,000
10 Putih 24th Mar. 1969 4 11 - - - - 22,200,000
11 Putih 26th Mar, 1949 - - 0,150 - - - 150,000
12 Putih 29th Mar. 1969 20 16,95 - - - - 155,000,000
13 Putih 5th Apr. 1969 39 5 0.375 - - - 10,800,000
Q0,150 * * Rail road
14 Putih 6-20th Apr. 1969 1 0.9 - - - - 1,840,000 3 times flooding
15 Putih 5th Mar. 1975 4 33.5 - - - - 66,850,000
16 Putih 22nd Apr. 1975 1 0.9 - - - - 615,000




~ Kind of building

© ' Fleld . " Cost estimate

River Date House , Note
. = . . (ha:): ‘Road‘ . Bridge: Dam D{k!c_ \‘(R.p.) SRR
{km) {m)
(2) A3 A4 - 4{3) IR I v B ) I ) R {10) ... (11)
1 - Bebeng  6thJan. 1969 275 (28 - e = - - 7 20,208,000
2 Bebeng  Mar. - Apr. 1969 31 4145 - - - - 4,071,500
3 Bebeng 1stOct. 1974~ - 72 - - - - " 144,000,000
4 Bebeng Nov, 1974 18,901 - - - - . 28,000,000
5 Bebeng 5th Mar. 1975 102 15,405 - - - - 30,800,000
6 Bebeng 22nd Apr, 1975 1 3 - - - = 5,545,000
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(Draft) | Jakarta, February 24, 1976

SCOPE OF WORK
ON
BASIC AND PRACTICAL STUDY FOR MASTER PLAN IN LAND EROSION
AND VOLCANIC DEBRIS CONTROL IN AREA OF MT, MERAPI
IN THE REPUBLIC OF INDONESIA

(I)  INTRODUCTION

The Government of Japan has, in response to the request of the Government of
Indonesia, decided to conduct a basic and practical study for master plan in land erosion and
volcanic debris control in area of Mt. Merapi, in accordance with laws and regulations in force
in Japan, The Japan International Cooperation Agency (JICA), the official agency responsible
for implementation of technical cooperation programmes of the Government of Japan, will carry
out the study in close cooperation with the Indonesian authorities concerned.

{I1) OUTLINE OF THE STUDY
1, Objective of the study

The objective of the study are: to examine present condition of the area influenced
by Nuee Ardentes and the Secondary Lahar from Mt. Merapi and to make a Master Plan for
reduction of disaster mentioned above.

2. Project area

Project area is described as follows: Namely, all tributaries and mountain slope up
to the confluence points of Kali Progo and Kali Opak, surrounded by Kali Pabelan, south-eastern
part of Mt. Merapi and, concerning Kali Woro, the area up to the confluence point of Kali Lusa
and Kali Dengkeng,

3. Scope of work

In order to achieve the objectives of the study, the JICA shall undertake the follow-
ing works:

) Topographical and geological study

) Hydrological and meteorological study

) Study of mechanism of sediment deposition and discharge
iv)  Study of damage condition

) Study of present land-use condition

) Study of economic situation

(2)



vii)  Study of synthetic disaster protectmn Plan ,
viii) ~ Study of Sabo works plan - - : _

(II) 3)i).  Topagraphical and geological study -
1)  Aerophotograph preparatmn

The obtained mformatlon shows, aerophotographs might have been taken in 1959
and 1973, however, topographical feature has changed through these years and also they do not
cover whole are around Mt. Merapi. Therefore new aerophotographs should be taken for base
map production, aerophoto-interpretation and aerophotograph measurement. The scale of
aerophotographs will be around 1/10.000 judging from both required accuracy and economical
and landform limitation, so that they are taken by camera with 15 ¢cm focal length at 1,500 m
high above sea level in foot area, and with 30 cm focal length at 4,500 m high above sea level
in mountaineous area. The required instruments are on usual aerocraft and aerialcameras. The
required man-month will be by 2 (two) persons, 4 months.

2)  Map preparation
Although 1/50.000 maps which was made thirty years ago are in use now, topo-
grap}ucal feature and land use have changed, and also the method of expression is not so enough
in accuracy because of planimetric survey method.
Therefore, it is essential to produce new maps around Mt. Merapi area, and they
should be by photo-grammetry which is superior than land survey in view point of accuracy and
cost. The scale will be 1/10.000 and contour interval will be 2 m not only for investigation but

also for design of facilities.

For mapping, more number of control poines are required and they shall be established
by aerial triangulation with limited amount of ground-sruvey.

Required instruments are 2nd order plotting instruments, conparater, electric
computer, optical-electronic range meter, transit and level.

Man-month will be 4 months by 20 persons.
3) Land condition map preparation
This will be basic data for analysis of Nuee Ardente and lahar behaviour and volume
estimation of their deposits. The above mentioned map shall be produced by the discipline of
geomorphology with help of geology and by means of photo-interpretation and field survey.
The plotted contents will be as follows:

(1)  Distribution of Nuee Ardente landform and their chronology.

(8)



(2)
(3)

(4)
(5)
(6)
(7)
(8)
{9)
(10)
(11)

Distribution of Lahar landform and their chronology. -

Nuee Ardente distribution and their chronology by means of geologlcal
section.

Morphological classification of valley.

Chronological classification of valley.

Causal classification of valley.

Valley originating points and extinction points.

. Landslide.

History of disastered area.
Potential Lahar area.
Surface geology.

Required man-month will be 10 months by 4 persons.

4)  Analysis of destructive force by Nuee Ardente

This will be pursued by geomorphological investigation by using aero-photographs
and land condition maps. At the time of Nuee Ardente landing, enormous amount of energy is
consumed at the expense of rock rolling and land erosion. This energy, in another saying, destruc-
tion force will be made clear by following principle:

(1)

(2}

The liquidity of Nuee Ardente just before deposition can be estimated by
analysing the depositional landscape of Nuee Ardente.

Landform control to Nuee Ardente flowage and deposition will make clear
the relative difference between the Nuee Ardente energy and hardness of
the earth.

The required man-month will be 1 month by 2 persons.

5) Volume estimation of future Nuee Ardentes deposits at each upper reach

This will be pursued by geomorphological investigation by using aerophotographs
and land condition maps.

Landform contro! to Nuee Ardentes flowage and deposition will have been made
clear at foreward study. With these data, this estimation will be carried out at each scale of

eruption,

The required man-month will be one month with two persons and,

6) Volume estimation of future eroded materials

This will be pursued by geomorphological investigation by using aerophotographs
and land condition maps. _ _

(4)



The degree of valley development at different aged deposit will make it possible
to estimate the rapidity of future valley developmentand the volume eroded away.

The required man-month will be one month with two persons. |
7) Rapidity estimation of valley development

This work is pursued by comparing two pairs of aecrophotagraphs which are taken
at different time at same place.

The one aerophotographs should be as old as possible among existing ones and, the
another one is the newly taken photographs as mentioned above.

This estimation will be carried out 500 m intervals at each 20 valleys for uppermost
3 km reaches, so that the number of cross section will be 120.

The required instruments are 2nd order plotting machines and man-month will be
one month with two persons.

(I1) 3. ii).  Meteorological and hydrological study
1)  Flood discharge analysis

For the purpose of flood discharge analysis daily rainfall data which are collected by
“Project G. Merapi®, “Province Office in Yogyakarta® and *Indonesia Meteorological Agency® ate
available. About the hourly rainfall, the data which are collected by *Project G. Merapi® and
‘Indonesia Meteorological Agency” are available. Raingauge station which belong to *Project G.
Merapi® are comparatively densely distributed in Merapi area, but duration of observation is so
short term that it is not enough for the flood discharge analysis to use only these data. Represen-
tativeness of the point rainfall data is not expected so much because of the small extent of tropical
storm. The characteristic of the storm in the other area should be also examined for better under-
standing about the Merapi area.

_ On the other hand, there is no numerical datum for the flood discharge observed in
any tributaries, but there are some data about K. Proga, K. Opak, B. Solo, and K. Dengkeng, so
the estimation of the discharge coefficient and delay of discharge should be done by using these
data, and also should be followed by the field trace survey about the past flood.

2)  Field trace survey and information collecting survey
In this survey field reconnaissance will be founded on some experiences about flood
or inundation. In the tributaries the flood water often includes much sand and stone, so the trace

of the flood can be used to determine the inundation area, A great part of this survey depends on
cooperation by inhabitants living along the river. The items to be surveyed are the following.

(5)
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Highest flood waterlevel in past time and da.te.
Flooded (Inundated) area.
Informatmn about the overtoppmg or dlke destructlon.

3) Construction of discharge observation station :

Along the trank river K. Progo, K. 0pak B. Solo, the data collection are continued
so exactly by automatic river gauge station and annual adjustment of H-Q curve, but along the
tributaries there is no observed datum, so about the ﬂood dzscharge analysts we can get only rough
estimation, :

To make analysis better, construction of some discharge observation stations is
indispensable.

The station is constituted with automatic river gauge station and facilities for the
flood quantity measurement.

The station should be constructed at least in 2 tributaries of K. Progo, one tributaries
of K. Opak and in K. Woro.

4)  Continuing the hydrological data collection

Data collection should be continued by the existing station and it is very important
to make an exact H—Q curve at new stations.

5) Term requested for this survey

a)  Flood discharge analysis
1 person, 4 months
It is requested to arrange 1 assistant.
Reading the chart is not included. -

b)  Field trace survey and information collecting survey
1 person, 1 month
It is requested to arrange 2 or 3 assistant,

¢) Construction of flood discharge observation station
1 person, 3 months
(4 stations will be constructed in same penod )
It is requested to arrange 1 assistant.

d) Observation of flood discharge
1 person, 1 month a year
It depends on the period for this survey:
It is requested to arrange 4 — 5 assistants.

(7)



e) - Check following the analysis
1 person, 0.5 month

6) Facilities or equipments requested arrange for this survey
a) Flood discharge observation station (for one station)
Well, house, staff gauge; 2  Pile; 2

Automatic river gauge

b) Space for working and data keeping
Desk and chair, drawing table, cabinet; 2

c}  Vehicle
Jeep; 0.3
d) Others

Level, stuff, pole, tape, measurement string, stop watch, transceiver, transit,
hand level, kilvimeter, drawing equipment, handy electronic calculater, and
etc.
(1) 3 iii).  Study of mechanism of sediment deposition and discharge
1) Survey of longitudinal and cross section of each river
a) Purpose of the survey
This survey aims at analyzing following items by getting the correct and
precise longitudinal and cross section of each river of southern and south-

western slope of Mt. Merapi.

(1) Presumption of boundary {condition) of origination and stop of DOSEKIRYU
{(Extraordinary debris flow) among Lahar flows.

(2) Estimation of amount of debris deposited in each river.

{(3) Confirmation of the movement condition of deposited debris on each river
at the time of a flood.

{4) Evaluation of the effectiveness of Sabo structures.

(5) Fundamental data for study of construction sites of New Sabo structures and
design of these structures.

b} Specification

(1) Area of survey
In upper and middle part of each rivers concerned, survey of cross section is

(8}



{2)

required, at intervals of 500 m with 1/500 accuracy and also, longitudinal
section (Profile) of each river cannecting he deepest point of each cross section
is necessary. T - o -
Especially, survey of cross section at intervals of 50 m and/or 100 m is necessary
in the vicinity of the upper part of Sabo structures (Check dam, Sand pocket,
Consolidation dam and so on).

Figures of estimation

Number of river;. 20, average length; 10 km,
20 sections so that 400 secrions.

Upper part of Sabo structures: 100 sections
So that 500 sections in total (400 + 100)
Frequency of survey

Twice in a year (dry season and just after a flood) at active rivers (for examples
K. Krasak, K. Putih, K. Woro, etc.).

Once a year (dry season) at other rather stable rivers and in the vicinity of Sabo
structures.

Soil (debris) sampling by means of test pit

a)

b)

Purpose

It is necessary to make clear the thickness (depth) of deposit of Nuee Ardentes
and Lahar and, especially in case of Lahar, it is possible to judge whecher Lahar
flow is DOSEKIR YU {Extraordinary debris flow) or not by analyzing the change
of distribution of debris grain size along a tributary from upper part to middle
pare. .

And also it is possible to get unit weight and specific gravicy.

Specification

It is necessary to dig pits in depth of 6 m in a river bed, two pits in each active
riversaries and one or two pits in each rather stable rivers if necessary in arder
to make clear the thickness (depth) of Lahar deposit, situation of deposit,
distribution of grain-size, specific gravity and unit weight of materials.

This survey will be done at one or two places at mutuval deposit strata of Nuee
Ardentes and old Lahar (3 m).

The numbers of Test Pit are ten (10) in case of 4 — 6 m pits and five (5) in case
of 3 m pits. .

(8)



3) Survey of condition of debris deposit on a river bed
It is necessary to make the distribution map of debris deposit of each river from upper
part to middle part by observing and examining the conditions and thickness of Lahar deposit and
grain-size. The distance of survey is estimated 200 km.

4)  Measurement of DOSEKIRYU (Extraordinary debris flow)

It is necessary to take into consideration of impact-pressure of Lahar flow for struc-
tural design in the case we plan a series of check dams in order to control Lahar flow movement.

For the purpose mentioned above, it is necessary to know the velocity of Lahar flow
and its density.

Therefore, at K. Krasak, the measurement of velocity of COSEKIRYU {Extraordinary
debris flow) is done by means of two or three velocity-check-points of DOSEKIRYU along the

river course.

And further more, measurement of the movement of DOSEKIRYU by means of V.T.R
and/or Movie camera will be done it necessary.

5) Survey of cross section by means of aerophotograph reading
The survey of change of slope in the vicinity of the top of the volcano is done in order
to make clear the situation of slope of the top of the volcano by means of acrial triangulation at
intervals of 500 m about 3 or 5 km long from the top.
This measurement should be done just after the taking of new aerophotograph.
The numbers of sections are 120.
6) Survey of sand content
It is necessary to measure sand content in current water three or four times in a year
at the confluence points of cach river and trunk river (for example the confluence of K. Krasak and
K. Progo) in order to estimate the effectivness of debris control by means of Sabo works, and it is
possible to decide the suitable debris amount which fits the current river course by analysing the

relation between Sand Content and change of river bed.

This will be done by analyzing water taken by a bowl which has about 20 Lr content
from current water.

Ten points in this area, and 100 times are necessary for this purpose.

7) Persons required
Experts from Japan: 3 personsfycar x 3 years

(10



‘Indonesian Counterparts: =~ 6 persons/year’ x 3 years
Indonesian assistant worker: -~ 12 persons/year x 3 years:

- 8)  Equipments, instruments and others

Transit; 2, Level; 3, Sieve; 2 pairs, - Lahar flow velocity-check; 3 pairs,’
Land Cruiser (Long chassis type) TOYOTA; 2, Video television recorder; 1 pair,
Automatic cable way; 1 pair ' ‘ :

(I} 3iv).  Study of damage condition

1) The damage in and around Mt. Merapi is able to devide into two, namely direct damage
by Lava and Nuee Ardentes flow and deposit caused by the eruption of Mt. Merapi and, damage by
Lahar flow scouring and eroding old debris depositin a heavy Yainfall.

Nuce Ardentes — flow reaches up to considerable lower part of a river and, according
to the information of Mt. Merapi office, Nuce Ardentes flow reached 13 km from the top of the
volcano in 1969 eruption and 7 km in 1973 eruption, and accurred much damage along a river.

On the othier hand, damage by Lahar spreads wider farther lower part of a river and
the amount of damage on October 3, 1975 reached about 208 million Rp. and, bridge was broken.
And economic and social activities were considerably suffered and affected by this casualty.
We can not neglect this influence to economic and social activities. And further more, the frequency
of damage by Lahar is considerably high and reported damage reached twelve times in case of Kali
Putih in 1969.

2)  Therefore, in coming regular survey, the damage condition of following items should be
examined chronologically as for Nuee Ardentes flow and Lahar flow after 1930 eruption:

(1) Dwelling house and facilities.

(2) Paddy ficld and other field.

(3) Forest.

(4) Estate.

{5) Stock farming,

{6) Transportation and communication.

{7} Commerce. '

(8) Inhabitants.

(9) Public facilities {school, hospital, road, bridge, railway and etc.)
(10) Agriculture and irrigation facilities. '
(11) Water supply system.

And, it is necessary to mention about the cause and economical loss caused by the
suspension of economical activities.

And, we can get a part of data mentioned above at this time survey from Mt. Merapi
office as for the data after 1969. S C '

(11)



The damages other than direct damages mentioned above can be observed in lower
part of each tributary and trunk river {for example Kali Progo).

Supply of debris from upper part has caused upgradation of a river bed and increase
of inundation damage caused by decrease of river course capacity, and has caused the damage of
irrigation intake by filling up with sand materials.

These damages mentioned above should be done by coming regular survey team.

Economical loss by debris deposit of lower part of each tributary and trunk river (for
example Kali Progo) is supposed to reach considerable amount because its affected area spreads
widely and broadly.

As the method of this survey, the study of statistic data of provincial Government,
information collection from inhabitants and project office concerned, other published report in
this area concerning irrigation system are recommended.

3) Duration of survey and study: Two (2) months
Persons concerned: One (1) expert from Japan
One (1) counterpart from Indonesia

4)  Equipments, instruments and others.
{I1) 3v).  Study of present land use condition
1) Land use map preparation
This will be prepared for the regional planning and intake planning, etc. The scale of
map will be 1/10.000, and produced by photo-interpretation and field survey. Required man-month
will be 3 months by 4 persons.
(1) 3vi).  Study of economic situation
1) Circumstance survey of regional saciety
Above mentioned survey will be carried out in order to estimate the cost-benefit in case
of setting Sabo works around Mt. Merapi, as well as to estimate the damage in case of no counter-
measure as Sabo works. In another way of description, the purpose of this survey is forecasting
future circumstances influenced by Sabo works.
Contents of the circumstance survey are shown in the following table. Some of them
has been already carried out by census and these dara are put in order to each local administrative
unites. As far as Yogyakarta special city is concerned, most of data required for this survey has

been also prepared in the Regional Planning Project carried out by UNESCO.

Although these data should have been arranged to each river system or similar way by
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which the effectiveness of Sabo like countermeasure can be estimated, they are not available so far.

Therefore, some. of data should be obtained in such a way that there will be no time
lag from existing data.

2)  The contents of survey

Item Index Method
1. Population (1) Population Statistics by local
5exX. village. administrative office
2.  Property {1} Personal property, Document survey,
house, household furnishings farm, ' Hearing survey
implements farm products
(2) Public property, Document sutvey,
road, railway, water supply, Hearing survey
electricity, communication, irrigation
facilitles, school public house, temple
3. Industry {1) Agriculture Document survey
area, farm product- Hearing survey
— classification, amount of each farm
products
{2) Forestry Document survey,
area, farm product Hearing survey
— classification, amount of each farm
products
{(3) Live stock raising Dacument survey,
live stock classification and each number Hearing survey
4) Commerce : Document surve
“4) number of shop, amount of commodity 4
4,  Social system {t) Irrigation ownership Document sutvey,
Hearing survey
{2) Associated working system in village Field survey
(3) Thinking way of people Field survey
(4) Religion Field survey
5.  Historic remains Distribution of historic remains Document survey,
Hearing survey,
Field survey
6.  Grand view (1) Grand view Document survey,
check by usual map and bird's eye map Field survey
Recreation (2) Recreation Document survey,

Hearing survey

Notes: Item 3 {Industry) is being concerned, mining industry and service industry is excluded because it is pure
agricultural area. Rehabilitation is excluded from this survey because it is beyond the scope of this project,
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(1) 3 vii), ~ Study of synthetic disaster protectidp-plan; R P P
- 1) - Study of dangerous area . .

The damage of Nuee Ardentes is attributable to the eruption of Mt. Merapi and, it is
quite difficult to predict the magnitude of origination, tendency of direction of its flow and its
running disorigination, tendency of direction of its flow and its running distance. Therefore,
according to the information, considerable loss of (hnman) lives were occurred in the past b:g
eruption before 1930. :

So that, the Government of Indanesia has set up the dangerous area in this area, This
conception is very much i important from the view point of Synthetic Disaster Protection. Therefore,
after the comprehensive review of the results of studies mentioned in (11) 3 ii), iv), v) and vi), it is
considered to be necessary to improve the actual situation of existing dangerous area, namely:

a.  Closed area (Daerah Terlarang)
b.  First dangerous area (Daerah Bahaya I)
¢.  ‘Second dangerous area (Daerah Bahaya II)

2) Making of evacuation system against volcanic activities

It is necessary to implement the study for making Evacuation Standard in connection
with the review of above mentioned dangerous area.

The following items are suggested for this purpose:

a.  Study on forecasting the precise volcanic activities.
b.  Study on actual situation of communication net-work.
¢.  Study on evacuation place, and way of evacuation leading and instructions.

Then, evacuation standard should be made by the assistance of Geological Survey,
Bandung.

3) Arrangement of Lahar flow and flood forecastmg and warning system and
evacuation system

The relation between rainfall and origination (occurrence) of Lahar flow is expected
to be cleared and anaIysed by coming regular survey team.

‘Therefore, we hope, it is expected to be possible to forecast the origination (occurrence)
of Lahar flow if raingauges are fully installed in the area concerned and communication net-works °

are fully operated in the area. These arrangements would be better to be implemented by Indonesian
side. ‘

{L14)



i4) E.conom:c evaluauon and set up of suitable:master plan

‘ L f.., PR ||v_ \—'..,4.....
AL o- B Lriie il ) .

_ After due con51derat10n of above mentloned study-ltems from (II) 3 1) to v1) itis
expected to set up the suitable scale of Sabo Plan and should be evaluated the decreasing amount
of damage foreseeing economical and social-activities and condmons of certain range of years

which will be determmed durlng course ‘of study ‘
*°5)" Duration and persons required o

Two persons x 3 months.
Expert from Japan 1 person x 3 months.
lndonesxan engmeer 1 person x 3 months,

6) Equlpments, instruments and other goods
(11) 3 viii). Study of Sabo works plan
1) Sabo countermeasures for controlling volcanic debris flow during volcanic activities

As regards the countermeasures against Nuee Ardentes flow during the activities of
Mt. Merapi, it is expected to be judged after the due consideration of the results ofcommg regular
survey team descnbed before in (11} 3 1) — vii).

At present, in the stage of preliminary survey, it seems to be impossible to suggest
conclusion on this matter.

2) Sabo countermeasures for controlling volcanic debris flow during rainfall

Debris-flow at the time of heavy rainfall, is caused by erosion of deposit of Nuee
Ardentes (Ladu) and old Lahar deposit in the upper part and also, it is caused by erosion of old
Lahar deposit in the middle part of mountain slope.

Therefore, as for making of Sabo works plan, it is necessary to carry out direct check
method by means of Sabo step dams based on the erosion phenomena of the deposit of Nuce
Ardentes (Ladu) and the deposit of old Lahar.

And then, in the transportation area of the debris, it is necessary to shorten {decrecase)
the running-distance of Lahar-flow and control debris transportation at the time of a flood by means

of a series of Sabo dams and sand pocket. And channel work is required at the lower part in such
a river.

As for the fundamental dimension of Sabo master plan for necessary tributaries of
Mt. Merapi, it is necessary to set up amount of debris and the biggest amount of debris at the time
of a designed flood which will be determined during the course of study; and the making of counter-
measures which diminish the above mentioned debris amount as much as practicable is required.

(15)



In the river course of trunk river where occurs many sendimentation troubles, some
alternative countermeasures will be adopted For example,

(1) to make sedimentation basin (pound).in the vicinity of Sabo base point (for . -
- example, in the vicinity of natural swampy area of confluence point of K. .

Dengkeng, and K. Lusa) and, to dredge after full deposit.

(2) toincrease tractive force (transportatmn force) of running water by means of
short cut of trunk river.

{3) to dredge river bed of trunk river.
3) Study on approximate estimation of project cost and its construction schedule -

The study on labour and construction materials and, the study on construction
machinery are required for the above mentioned purpose.

4) Persons required

Three {3) persons x Five (5) months.
(Experts from Japan 2, Indonesian engineers 1)

5) Equipments, instruments and other goods.

{16)



'ON THE SYSTEMATIC WAY OF DATA GATHERING, . .
ANALYSIS AND PLANNING OF THE MASTERPLAN OF MT. MERAP!
1. . PREFACE
Public works are the most basic measure in order to develop country.

Nothing to say, the influence and effect of the public works grows graver, more
complicated and extensive, as the scale and scope of them grow bigger.

And the budget for public works should occupy the greater part of the finances.

It is very important for us to to make the process of planning and execution clear,
reasonable and logical in order ta carry out much public works.

And we do not have enough time nor money and skillful engineers. Needless to say,
as long as public works, which are almost equal to construction works, carry out in order to
establish welfare state, we must make clear and trustworthy explanations of the necessity and

propriety of our plans.

According to the reasons mentioned above, it is quite important and necessary to
establish the systematic way of data gathering and planning.

We would like to make our final plan report on the basis of this idea.

2, PRINCIPLE QF OUR SURVEY
21 Basic way of thinking concerning our survey

Fig. 2-1-1 Flamework of Plannihg

[ Purpose(s) of the th_lﬁ-k (3} Establish
{5} Evaluate
1
Impact of Construction Works Planner/Designer
on Environment (3) Analyse/ (His Knowledgement and Experience)
Forecast T

y
[ Planning Elcment(s)—}—:

{1) Survey

(4) Decide

l Enviranment *—|

Environment, herein, means all of the element or factor that influences our plan;
everything natural and moral. '

(17)



2-2 Relation betwéen'p!an‘éﬁd env’iroﬂmen:t' '
Ou;' élan is always checked and- inﬂueﬁcéd By qt-lit'c;, many envi:;onmental eie;;lents.
We classify the environmental elements into two categories.
One of them is that we can recognize before execution of construction works.

And another one is that we can recognize or predict after execution; in-the future.

Fig. 2-2-1
(Presenf) - o (Future)
Social Population Social Population A
Agre. products : ' Agre. products
2 . .
E : :
4 Social system Social system } B
E . AN
g Natural | Sand discharge Natural | Sand discharge
8 A
E Underground water Underground water
= .
w » +
Geological cond. Geaological cond. ] B
Execution

according to the Plan

A: Elements which are influenced by plan
B: Elements which are not influenced by plan

As soon as { After we carried out our plan, especially construction works, some of
environmental elements will change gradually or suddenly.

We recognize that these changes should be the impact on environment by our plan.

It is the objectives of our survey to recognize these changes, and we call it *survey”,

{18)



23 ;Prﬁéesé of plan makmg |

k)

@wironment ‘Sur\r@
N

@bjective of plan | Establish)

Planning/ : :
designing | ‘Establish

element

Analyzed

Impact on environment -
prediction

At first, we must make the list of elements of environment.

Table 2-3-1 List of Elements of Environment Concetning Sabo Planning

No, Elements
1 Natural conditions Meteorological
2 Geological, soil mechanical
3 Topographic _
4 Transfarmation of ground surface
5 River
6 Water level discharge Discharge
7 : Storage volume of sand (water)
B Discharge capacity of dam
9 Water level of dam
10 Discharge capacity of river
1 Water level of river
12 ‘ Underground water level and discharge
13 Sand Sand discharge
14 ' ' Sand yield of dam
15 ‘ Sand transported

C1e)



Blements

No.

16 Water quality Ground surface

17 - Reservoir

18 River . .

19 Underground water

20 Biological Ground

21 o Water

22 Social elements Agricultural, forestry, livestock
23 Mining, industry

24 Housing, trading

25 Fishery

26 Shipping

27 Utilization of depositted material
28 Social, welfare system

29 Population, property

30 Landuse

3 Facilities of another system
32 Separation of community
33 Public hazard

34 Intake

35 Drainage

36 Water quality

37 Scale of inundation

38 Damage caused by inundation
39 Remains, cultural asset

40 Recreation

41 Scenary {sight seeing)

42 - Stability of structure

43 Cost for execution

44 Cost for management

45 Facilities for river
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3. REPORT
1, Incep tibn .Report' '

The JICA w:ll prepare and submit to the Government of Indonesm 30 copies of
Inception Report (in English) at the beginning of the field survey. -

2. Interim Report
The JICA will prepare and submit to the Government of Indonesia 30 copies of
Interim Report (in English) within - months after the commencement of the field survey. ‘The
Government of Indonesia will provide the JICA with its comments within 30 days after the
receipt of the Interim Report.
3. Draft Final Report
The JICA will prepare and submit to the Government of Indonesia 30 copies of
Draft Final Report (in English) within months after the receipt of the comments of the Interim
Report. The Government of Indonesia will provide the JICA with its comments within 30 days
after the receipt of the Draft Final Report.

4,  Final Report

The JICA will prepare aind submit to the Government of Indonesia 30 copies of
Final Report within  days after the receipt of the comments on the Draft Final Report.

4.  COLLABORATION OF THE GOVERNMENT OF THE REPUBLIC OF INDONESIA

For the purpose of the study, the Government of Indonesia will cooperate to the
extent possible by:

1. Providing the study team with the below mentioned data and information for its
use in connection with the study.

The responsibility of translating relevant reports and information rests on the
Japanese team.

2. Assuring the security of the Japanese team members and survey equlpment to the
extent possible.

3. Exemptmg the study from taxes and duties for machinery and equipment and
materials, :

4, A351gn1ng counterpart personnel (ofﬁcm]s/engmeers) to the team during the survey
period.

(22)



10.

Provxdmg the JapaneSe study team with su:table ofﬁce space and ofﬁce equipment

_necessary for the study

Makmg arrangements for accommodanons and field office required for the. study

- work, when necessary

Providing the Japanese team mf_:r.n.bérs with medical services, when necessary..
Providing vehicles.

Providing to the extent possible, all technical data and materials required for the
study and allowing their transfer out of the Republic of Indonesia to Japan by

the Japanese study team.

Providing any other available facilities that may be rcqu:red for the execution of
the study. :

(238)
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LIST OF EQUIPMENTS, INSTRUMENTS AND OTHER GOODS

1) Vehicles, Land cruiser (Lc.:rlrgl_ﬁc_:h_z’is's'is'j type) ) 5
2) . Electric calculating machine . . 3

3) - Electric calculating machine (Portable type) 6
4)  Copying machine, U-Bix (XEROX) 1
‘5.) o Handy waiicy téllltj.(l(Pbrtabit:! transmission re'c;:ivcr) o 6 pairs

6) Copying machine Ricoh’s BS 310 1

7) ‘Camera _ 5

8)  Stereoscope for aerophotograph. 1

9} Movie projector 16 mm and Movie camera 1
10} Movie projector 8 mm and Movie camera 1
11) Slide projector 1
12) Portable altimeter 3
13) Telescope 3
14) Transit 3
15) Level 5
16) Sieve (Screen) 2 pairs
17) VTR 1 set
18) Automatic cableway ' : 1 set
19) Current meter . 2
20) Hand level 5
21) Instruments for measuring of current water 1 lot
22) River course measurement instruments 1 lot
23) Desk and chair
24) Drawing set and equipments 1lot
25) Many kinds of consumable goods (Consumables) 1lot
26) Other necessary equipments, instruments and goods

agreed between two countreis; especially
volcanological observation instruments 1 lot

(25)



;...-Element No.: 14 Sand Discharge=* *- -+ -

Element

Model, Ar_lalysis Method

Input Data

1, Sand discharge

Estimate and forecast the sand discharge from the upper basin

Input:

o TANAKA's formula:

The geological factor ancl topographlcal factor '

Output: Sand discharge

o MURANOQ'S formula:

logQa = -3.198 ~ 0.2059 log A + 0.9687 log P

z Tl

1o

+1,2131 log Me + 0.6757 log Re

Annual average sand discharge {m?/km?/year)
Catchment area (km?) .

Annual average precipitation (mm)

Average altitude of catchment area {m?)
{Maximum altitude -~ Lowest altitude)

{ Length of river iron the highest point

to the lowest point

o BZAKI's formula:

= 8.858% + 7.831 (Ad/A)D?

Vs:

Total sand yield of the dam in certain duration
(m?)

Catchment area (km?)

Total amount of discharge in certain duration
(m?)

Total area of slope failure (km?)

Average gradient of the riverbed just upperpart
of reservoir

Average gradient of slope failure

o DOKEN formula

o ISHISOTO formula

o FERREL formula

. Precipitation

Geological factor

Topographical map

“Topographical map
‘near the reservoir

- Area o_f slape failure

Vegetation

(286)
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a GEOLOGICAL SURVBY OF INDONESIA :
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1
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1.  Grondmecanica Delft Laboratorium Voor Grondmechamca Suchtmg \Vaterbouwkundlg
Laborator:um, chort CO-20370-11, Delft, December, 1973

2. Investigation of the Sub-Soil of Candi Borobuclur 1969 by Dr Sampurno
(Publlcanon Pe]lta Borobudur Seri B No. 3} »

3. Report on the Study of Scil, Stones and Building Materials for Cand Borobudur {1971)
(by Dr. Sampurno, 1972, Seri B No. 4) ‘ .

4,  Volcanic Debris Control Project and Its Aspects (Preliminary Report)
{Mt. Kelut, Mt. Meraoi, Mt. Agung)

5.  Field Report on Volcanic Debris Control in Indonesia, by P. Mankov and Max Mueller

6.  Bulletin of the Netherlands India Volcanological Survey, No. 29 - 60, 1930 - 1932,
Geological Survey in Bandoeng

7. Bulletin of the Volcanological Survey of Indonesia for the Year 1959, No. 102

8, Bulletin of the Volcanological Survey of the Indonesia for the Period 1950 - 1957,
No. 100

9. “Bulletin of the Volcanological Survey of the Indonesia for the Year 1958, No. 101
10.  Volcanic Debris Control Project W.F.P. Development Program
11.  Bulletin of the East India Volcanological Survey for the Year 1941
12 Recommendation and Suggestion on Land Erosion Control, Volcanic Debris Control
and Soil Conservation, Mt. Merapi, Mt. Kelut and Mt. Agung, by Koichi Hirao, Yasuo

Tomomatsu (C.P. Exparts on Land Erosion)

13.  Supporting Report for Study Mission on Sabo Works in Indonesia, December 1975
by Matsushita

14, Die Schuttstrome Am Merapi Auf Java Nach Dem Ausbruch Von 1930
15. Investigations of the Soil of Candi Borbudur 1966

16.  Bulletin of the Geological Survey of Indonesia,
© January 1964, August 1964, July 1965
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18,

19.
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32

10.

The Rise and Drop of Mt. Kelut Crater Bottom after Paroxysmal Eruptions

Statistik Indonesia 1970 & 1971
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11.

12.

13,
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Gagasan Usaha Pengamanan Dan Pengendalian Material Di K. Krasak Akibat Kégiatal:l‘,
Gunung Merapi 1973, Jakarta, 22 April 1974, Disusun Oleh-Ir. Sutovo

Departemen Pekerjaan Dan Tenagalistrik, Direktorat Jenderal Pengairan, Direktorat
Sungai, Kunpulan, Pelaksanaan Pekerjaan—Pekerjaan, Pelitai {1969 - 1974),
Proyeck--Gunung Merapi '

Departemen Pekerjaan Umumdan Tenaga Listrik, Direktorat Jéﬁderal Pengairan,
Direktorat Sungai, Kunpulan, Pelaksanaan Pekerjaan—Pekerjaan, Pelitai (1969 - 1974),
Proyek-Gunung Kelut 2 '

Departemen Peketjaan Umum Dan Tenaga Listrik, Direktorat Jenderal Pengairan,
Direktorat Sungai, Kunpulan, Pelaksanaan Pekerjaan—Pekerjaan, Pelitai (1969 - 1974),
Proyek--Gunung Agung

Kegiatan Gunung Merapi Bulan September 1973, Serta Istimate Kebesaran Dan Arahbanjir
Lahar, Hujan, Tahun, 1973/1974, Jakarta, 2 October 1973

Penan Ggulangan Bandjir Lahar Sekitar Gn Merapi Dengan Perkembangannaja (Bandjir
Bulan Djanuari 1971), Jakarta, April 1971, Disusun Oleh--Ir. Soetojo

Volcanic Activity and Its Implications on Surface Drainagé; The Case of the Kelut
Valcano, East Java, as an Example (Kegiatan Gunungapi Dan Pertautannja Pada

Penjaluran Air Permukaan; Kasus G. Kelut Sebagai Tjonto), by M.M. Purbo-Hadiwidjojo

and 1. Surjo
Mt. Kelut Volcanic Debris Control Project, Feasibility Report, T. Yokota, T. Matsushita

Penjusutan Volum Danau Kawah, Gunung Kelut, Untuk Penjehatan Kali Brantas,
Djakarta, 21 -~Maret—1972

Buku Petunjuk Peta Topografi (Index of Topographic Maps), Indonesia,
Disusun Oleh/Compiled by Seksi Publikasi {Publication Section), 1972

Hydrogeology of Strato-Volcanoes A Geomorphic Approach, M.M. Purbo-Hadiwidjojo,
Hannover, 1967 ' ‘

Revised and Enlarged Edition of the Hourly Rainfall Analysis in Java, -
by Tadashi Tanimoto, Colombo Plan Expert

Seminar Cara Perhitungan Design Flood Tanggal, 2-7-Februari-1976 Di Bandung,
The Estimation of Design Floods for a Small Reservoir in Indonesia, An Example,

by Mr. F.J. Kaul, p.3.8.A./W.R.P.C
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15.

16.

17,

Request to the United Nations Development Programme, by the G_overnmeﬁt of Indonesia
for assistance with a Special Fund Project on Volcanic Debris Control

Seismology in Indonesia, R. Soetadi

The Brantas Multi-Purpose Development Scheme
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