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1. INTRODUCTION

1.1 - Topography

G. Merapi is ldcated on 30km north from Yogyakarta in central Java and
is 2,968m high above the sea level. The studied area spread approxi-
mately 850kmZ on the south and west slopes of G. Merapi.

G. Merapi, one of the most active volcano in Indonesia, is a volcanolo-
gically very young Quarternary strato volcano with a beautiful conical
shape, It erupted many times on a large scale even in recent tinmes.
The south-western part of mountain body, or the so-called oldexr Merapi,
was almost totally destroyed in 1,006 A.D. The present active youuger
Merapi was formed on the old Merapi. The younger Merapi is surrounded

by the older Merapi except the south-western slope.

Nine main tributaries flowing down radially dissect the mountain slope.
Five of them are tributaries of K. Progo: K. Pabelan, K. Blongkeng,

K. Putih, K. Batang and K. Krasak. Three of them are tributaries of

K. Opak: K. Boyong, K. Kuning and K. Geundol. K. Opak and XK. Progo
pour into the Tndonesian Sea 30km south from Yogyakarta. K. Woro is a
branch of K. Dengkeng, which is one of the tributaries of Bengawan Solo.

G. Merapi can be divided to three areas vertically as shown in Figs: 1 and
in ac¢cordance with its geomorphological characteristics: namely, the upper
slope area above 2,000m the middle slope area between 2,000 - 500m and

the foothill area below 500m. All slopes are described in detail below.

{1} The upper slope area is situated on the older Merapi body and
‘is always affected directly by the present volcanic activity. This
area is composed of pyroclastic materials, lava and ash, and has

an incline of more than 30 degrees. Owing to the regular supply of
the new volcanie products, this area has becomé almost bare. Some-
times thin guliies develop on the slope composed of pyroclastic
materials, o

As a great drop occurs between the cvater in the south-west side of
this area, a large part of the eruptive products flow down along
this drop and cause damage in thé south-western foothill area,

- {2) The middle siopg'area has soﬁewhat complex topography because
‘it is composed of the rémaining of the older Merapl and of the
‘slope composing of the eruptive products of the younger Merapi.

The older Merapi forms a horseshoe shape which is higher in north-
east side and opened and lower on the south-east side. The older
Merapl is very steep due to severe erosion, Especially in the north-
eastern side, valleys are deep with steep walls because the eruptive
‘products of the younger Merapi were not distributed around this area.

In the south and north area, the products of the youager Merapi flow
down along the valleys dissecting the mountain body of the older
Merapi so that the area can be divided into visibly separate
topographic units: wupper, middle and lower slopes.



Products of the younger Merapi, flowing down along the older valleys,
expanded and were deposited in a fan shape along the outlets of the

valleys.

In the upper slope area, a valley formation is not pronounced; however
for some small gullies in the middle slope area, below 2,000m where,
water has easily concentrated to cause the rill erosion to deve-

lop into radial deep valleys. In the niddle slope area, mainly
consisting of deposits of nuée ardente, deep valleys are formed at

the present time, During a large scale eraption, nude ardente flows
down into this area, fills up valleys and even changes the direc-

tion of the valleys. When the eruption becomes weak, valley

formation immediately starts because the gradient deposition of auée
ardente 1s steeper than the gradient of streams below it,.

The slope surface of this area is relatively more undulated than
that of the footslope area. This may mean that the deposited mate-
rials in this area are more viscous than the materials in the lower ..
part.  Gentle and step slopes are numerous in this area and their
gradieant becomes more geantle in the lower area. These steep parts
can be visualized as many small circles steps surrounding G. Merapi. -

(3) The foothill area stretches from the place where the deep
valleys of the middle slope disappear. This area stretches from a
location of 500 - 600m ia height with gradient of 3 degrees for

K. Progo. The slope of the south side of Yogyakarta is approximately
1 degree. This area is poorly undulating and forms a very gently
inclined smooth surface. The radially developed valleys from G.
Merapl have become shallow by the time they reach this area.

However, they form deep valleys before they flow into K. Progo and

K. Opak because the channels of K. Progo and K, Opak are deep in
this flat area.

K. Woro, flowing into K. Dengkeng, forms a raised riverbed in the
lower reach area where the riverbed is 5 v 6m higher than the general

surface. K. Dengkeng generally forms a marsh area on the right
bank side.

However, the foothill area is also corisidered to be éompésed of
volcanic materials, and shows only small undulation due to its more
fluid origin.

Along K. Boyong, K. Kuning and K. Woro, alluvial fans afe formed in

this area. These fans are composed of 0}d volcanic deposits and fan
gravels, ' S



1.2 Objectives and Scope of This Study

The purpose of this study is to determine the geomorphological land
conditions in order to forecast the endangered area to Lahar and Banjir
flooding and to design the masterplan for sediment and erosion control

The main work of_the geOmorphologieal survey is to prepare a land con-
dition map'in order to'locate the éndangered points and areas,

The scope of work of geomorphological study was limited to the Type—1
area since the greatest amount of recent damage from volcanic eruption
has taken place there and since Type-II and Type-III areas have
simitar features. (for definition of terminology see Sectiomn 2.1)

1.3 Validity of Methodotogy

In the study area, the relationship between landforms and Lahar/Banjir
occurances was studied. The probable endangered areas were analysed

by using the landform classification map. For a more accurate and
quantative estimation, other maps and data (isoclinal slepe distribution,
relative height of the banks/cliffs of valleys, stréam system map, etc.)
vere also prepared and analysed.

In order‘tordetermine the-adcuraéy'of the eéstimation, two methods were
employed: One was to study the data of Lahar/Banjir occurances in
1975 and 1976. The o6ther was to simulate a model of the endangered area
in' the K Krasak and K. Putih, :

According to the results of this investigation, the accuracy and the
forecast of endangered area are valid for use a basis for the master-
plan for the following réeasons

1) The area covered by LaharlBanjir in 1975 and 1976 correspond
t¢ the probable endangered area estimated by geomorphological
- method,

2) The cross-sections estimated as‘endaﬁgered poluts by the simul-
ation study are located in the geomorphologically probable
endangered area,

3) The area estimated by the geomotphological survey and the
simulation are very similar with each other,

Although the investigation of the probable endangered area was under-
taken only in Type I areas along the tributaries of K. Krasak and K.
Putih, the characteristics of flood, geomorphology and volecanic
materials are more or less the same in Type 11 and Type III areas.

Consequently, the masterplan can be developed for the whole project
- area based on the assumptions verified by this study.



Fig. 1 Map of Main Morphological Areas
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Fig. 2 Ideatized Profite of the River and Slopa
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14 Geomorphological Study Work Flow

An outline of the flow of work is shown in Fig. 3.

Fig. 3 Work Flow
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2. GEOMORPHOLOGICAL STUDY
.2.1 Land Condition Map

The-land conditien map was prepared using a scale of 1/25,000. Photo-
interpretation techniques and field survey were employed for this work.
Geomorphological features and their explanations used in this map are
as follows(See Appendix-1l; photo Interpretation Cards):

2.1.1 Ttems of geomorpholdgical classification
(1) Volcanic morphology
1) Recent lava flow deposits (Young valcanic deposits of
G. Merapi) .

Y] Former lava flow deposits (Young valcanic deposits of
G. Merapi)

3) 0ld valcanic deposits of G. Merapi.

4) Volcanic debris: around the crater

5) Deposits of nuée ardante d'avalanche {1954, 1969)

6) Deposits of nuée ardante d'avalanche (Uncertain dates)
7y Mountaiﬁ sidée composed of valcanlc debris (Upper Zone)
8) Hbuntain side composed of valecanic debris (Lower Zone)
9) Breaking zone of slope caused by valcanic debris flow
10) Flowing units of valcanic debris

11) Fofﬁef,valley buéiedlby nuée érﬁante d'avalanche

12) Poorly defined shallow valley

(2) River morphology

1} Riverbed
| 2) Poiat-bar depdsits

3) Flébd terrace

15) Accumulation ﬁeriace

5) Erosion terrace

6) :Escarpménﬁ -
- 7) DPeposits of recent Lahar
8). Sand bars, Natural levees
'9)  Alluvial fan

10) Alluvial fan (dissected)
11y Raised riverbed

12} Local sediment by flood

13) Altered valley caused by nuée ardante

A-7



14) Former viverbed

15) Small valley ( L] - shape)

16) Small vailey {1L__1- shape)

17) Small valley ( \ - shape)

18) Alluvial plain

19) Swamp

20) Limit of sediment transportation
21) Xnick point

(3} oOthers

1) Slopes of hill
2) Sivamp block

3) Landslide

4) Talus

5) Piedmont plain
6) Gully, Rill

7} Spriag

2.1.2 Explanation of Geomorphological items above
(3) Volcanic wmorphology

Recent lava flow deposits are divided into two parts. One is dis-
tributed on the upper part of G, Merapi. The other is develop-
ing on the middle and lower slope,

01d valcanic deposits of G. Merapi consist of the older'G.'Merapi
which is surrounding the young Merapi crater.

Deposits of nuze ardente from the eruptions in 1954 and 1969 were
deposited mainly around K. Blongkeng, K, Putih, K. Batang, K. Bebeng
and K. Krasak. These materials filled up old river valleys and
changed the river course in some cases for example, between K. Putih
and K. Blongkeng. '

Mountain sides are composed of valcanic debris rather than deposits -
from rivers. Distribut{on {s on the upper, middle and lower slope.
(Please refer Figs. 1 and 2). " The breaking zone of a slope is caused
by voleanic debris flow. When the flaw stops on a slope, it makes a
gap on the slepe. Because the volcanic material have a high
visconsity., This gap or breaking zone 1s quite significant for
detecting the endangered points to nuée ardente and Lahar.

Former valleys can be filled up and buried by nuée ardante.



(2) River worphology
Flood terrace. Very low terraces which are submerged by big floods.

Sand bavs, natufal levees. & little higher place, composed of
sand, which is distribucing in the fan and riverbed.

Alluvial fan, Mainly sandy deposition. K. Krasak, K. Kuning and

K. Boyoug have big fans and fan-like areas. Only K, Krasak's fan is
active nowadays. .The other two rivers have dissected fans in the
lower foothills,

Ralsed riverbed, A lot of sand deposited between the embankment

has caused the riverbed to rise: This ¢condition makes flooding
over the levee very easy. Sandy sedimentation which was transported
ducing the inundation can be seen along the embankment, and is
idéntified as local sediment by flooding.

Altered valley caused by nu@e ardente. After a valley has been
filled by nuée ardente, the old valley capacity to hold water becomes
very smail., This area is located just downstream from dammed point
on the old river,

Former riverbed. This area can become quite dangerous duriang nude
ardente flow, lahar and banjir.

Small valleys., They do not have big catchment areas, and ground
water is usuvally the main watér source. However, small valleys
have possibility to become flowing courses for nuée ardente and so
on. They are identified according to the shape of valley.



2,2 Relative Depth of Valley

The overflow point of Lahar/Banjir 1s related to the height difference
of the mountain slope and valley bottom. The relative height of the
side c1iff was measured and plotted to obtain a longitudinal profile of
each river. ' '

23 isoclinal Slope Distribution Map

By measurcment of the contour interval, the gradient of theé slope was
estimated, Slopes in a uniform gradient zone where grouped to make
the Isoclinal Slope Map. The zone where gradient clearly changes has
the highest probability of occurance of Lahar/Banjir.

2.4 Stream System

The purpose of this map 1s to estimate the flow direction of Lahar and
Banjir. When Lahar and Banjir overflow the riverbank, they spread.
over the foot of the mountaln or flow down along the valleys which then
fill up with volcanic materilals.

A-10



3. RESEARCH OF ENDANGERED AREAS

3.1 Endsngered Area Map Preparation

3,1.1 The purposes of this Survey

The purposes of this survey are to study the relationships between
geomorphological conditions and Lahar and Banjir in order to estimate
the endangered area to Lahar and Banjir.:

There is no cleat'dividing line between Lahar and‘Banjir; however
it is generally understood that Lahar includes more sand and gravel
than Banjir. '

The endangeréd area is mainly on the slope of the active volcano,
G. Merapi. K. Krasak {X. Bebeng) and K. Putih were the most
endangered tributaries in recent years. People in villages along
these rivers experienced the heavy damage from G. Merapi's
explosion in 1969 which plugged the upper veach of K. Blongkeng with
volcanic deposits and changed its channel to K. Putih. A similar
alternation of river course happened to K. Batang with the plugging
‘of K. Bebeng. When Lahaxr and Banjf{r are regarded as a geomorphic
stage, geomorphological analysis can be used to determine - the
probablée endangéred arveas to Lahar er Banjir in the near future.

The geomorphological land conditfon map in this report was prepared
with using aerial photo-interpretation (scales: map 1/25,000 and
photos 1/40,000). According to the geomorphological study, there
has been quite a close relationship between landforms and Lahar/

Banjir occurences. Figs. 4 and 5 show that the rivers generally over-

flow at the places where their channels turn sharply or where
riverbed gradients change and become more gentle. These topographi-

cal changes correspond to the geological and lithological differences

in the slope of the volcano. The landforms of the volcano's slape
are the result of velcanic activity: lava flow, nue ardente
d‘*avalanche, pumice-flow, Lahar, Banjir, etc. Usvally Lahar/Banjir
flow along former river cources, small valleys, shallow valleys and
so on., Today's landforms suggest the area which will probably be
covered by the next Lahar/Bajir occurances. The isoclinal slope
map, drainage system map and flow direction map are prepared as
supplemental information.

3.1.2 The relationship between landform and Lahar/Banjir

According to the survey of the Lahar and Banjir in 1975 and 1976,
the relationships are found between them as follows:

Points of overflow (breaking point)

1) The point where the stream gradient becomes more gentle,
2) Crossing points with former river courses.
3) A riverbed zone which 1s raised up.

4) River terraces.

A-11



5)

6)

Zones where the capacity of the valley is decreaslng as
compared with its upper reach.

At a sharp river bend course of the river.

The flooding areas

Ly

2)
3)

4)

5)

the boundary of a flood area is {ll-defined except by small
landforms such as small undulations, stream, roads, etc.

The flood spread into small rivers or former river courses,
If the small viver or the former river course does not

have enough capacity to pass all the volcanic material the
flood will overflow again, _

A lot of the sand transported by the flood remains: along
small channels, in former river courses or on roads over
which the main flood current has passed.

The damage to houses and loss of life are mainly distribut-
ed fn the sand deposit areas. .

Location of previous Lahar damaged areas and the breaking zones are
shown in Fig, 5.

A~12



3.1.3 BEstimation of the endangered area

Using the relationships between the landform and Lahat/Banjir, the
endangéred area is estimated.

The degree of probable flodding 1s divided into five categdries
based on the helght of the bank.

Degree of probable flooding

Height of bank Pegree of probable flooding
0- 5m very high
5 - 10n high
10 - 26m middle
20 ~ 30m low
30 - m very low

The area was determined by using the geomorphological landcondition
map and other information. In the cases where areas overlapped,
the higher degree of probable flooding was adopted. The most
endangered areas such as the point of overflowing, and former river
courses and terraced arée shown in the map.

Flood types ave also categorized dépending on the volume of sand
contalned as follows:

Typéé of floods

1} Plood c¢ontains a lot of sand and gravel
2) Plood contains less sand

3) Flood contains little sand and the inundation period is
“rather long .
3.2 Deamage by Lahar and Banjir in Recent Years

By means of a questionnaire the areas damaged and flowded in 1975 and 1976
were surveyed, The survey was éonducted along the K, Putih and K. Bebeng.
The items questioned were as follows:

A-13



fabla 1 Questiop Cayd

m
o
)
(4
(5
(6)
(n
()

{9

Pid you experience lalav ov Banjir?

When did 4t happcn?
At what rime did tt attack here?

fhe time of the highest flooding?

How deop was the Flood?

Sand depostted?

yes, no
19
.
m

What was the main direction of Lahar flow?

(Show on the map)

where was the boundary of the sand deposition?

Wheve was the end or boundary of the water flow?
{Sshow on the map)

How many houses were damaged?

(Show on the map)

How many people were injured or killed?

Data of Lahar/Banjiv in 1975, 1976

The results of the questionnaire and field survey are summarized

in Table 2 and shown in the map, Fig. 7.

sand deposit have a thickness of more than 30cm.

Table 2 Questionaire Survey Results

In the map, areas of

ok v | Yoot | | Ao goted| Aca ot ond | appr, | ot | e
mhH]  (m?)
_ [, . S -
1 K. Putih 1976 Sjﬂgg{fﬂ 132,000 34,000 26,000 2 -
2 1975 |Gemblongan 135,000 90,000 68,000 2 -
3 [ K. Bebeng 1976 Hmﬁfmg;?;{; ' 596,000 227,000 £6,000 s -
4 1975 | Gembokan 184,000 46,000 28,000 40 -
s | K.Krank 1976 Tempel 1,000 3,000 2,000 2 i
| 6 1976 | Kricakans | 2,501,000 | 1,500,000 1,180,000 67 { 26

#Also including Swmokaton, Madesan, Mriyan, Guling, Pokok, Kerisan,

Banjarecjo

*4Further details explaining the conditions at each site of flooding are

given in subsequent pavagraphs by ftem no,
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Item 1:

Item 2:

1tein 3:

Ltem 4:

Item 5:

Ttem 6:

This area is located on the junction of present and former
river courses. At first the food went into the old river
course and then overflowed its banks. The flood water rejolned
K. Gremeng and K. Putih apain at the eand. _

On the left bank at Ngablak (near the bridge) was attacked by
sandy flood waters and a house and a school were damaged., Sand
deposited only along K, Putih and the smaller river, K.
Cremeng. Other places weéere covered only by water.

This point is at a sharp bend in the river course. A shortcut
has now been constructed to avoid the same overflowing again.
Near the present river the flood spread a lot of sand over the
area and went into the former river course,

' I///,-Point of overflow

::\ Direction of fleodiug

.

‘ ’x‘\--Former river course

Shorteut \—’\

K. Bebeng overflowed near its confluence with K. Krasak., This
point is located at the upper side of the sand pocket which was
not completed at that time. '
The level of the riverbed had been raised by sand pocket
construction. The relative height between the volcanic slope
and the riverbed is presently less than 2 meters.

This point is just at the beand 1an the ri{ver course. The flood
split Into two courses: one along the small valley and the
other along the road., The floed along the road went back to
the K. Krasak 600m lower downstream. The 40 houses damaged at
that time were along this road,

At a bridge crossing the national road. K. Krasak narrows and

changed the direction of flow suddenly to the right at an
angle wider than 90 degree. The flood attacked the left bank.
A man in a car was killed by the flood. The flooded area was
very small,

The overflow occured at four points in this arca.
(1) The biggest flood attacked the right bank at the Kricakan

village, Most of the flood waters flowed into a small
channel passing through villages such as Sumokaton,

A-15



(2

(3>

{4)

Madesan, Mriyan and Guling. Along this small channel most of
the damage resulted from the flow of sandy water,

The heaviest damage was seen in this area as shown below.

village houses deaths
nane damaged
" Madesan 48 9
Mriyan 8 1
Guling 4 16
Total 60 25

On the right bank 1,3km below the first point., The flood spread
from the channel to the fields, and then poured into K. Petel,
The sand deposition in this area was small,

On the right bank 3.5km below the first point. The flood
attacked the channel of X. Petel near Banaran. K. Petel has
the very big channel as compared with its present discharge.
1t might be old river course of K. Krasak. As main current of
the flood passed through the K. Petel channel, the channel

was filled by a lot of sand., Along the channel, 7 houses were
destyoyed by the secondary overflow from K, Petel channel,

On the left bank just opposite the third point. The flaod

poured into the small valley and was contained; it did siot over-
flow again. -

A-16



3.3 Simulation Study of the Endangered Area

Using the'éhaﬁges.of the capacity for each section along the river

course, the endangered area can be computed.

Data such as a morpho-

meteoxrological, hydrological and experiences of flooding were collected
in order to compare the capacity of each section along the river valley,
The following is a summary of the factors considered and computational
fornulas used in the computer simulated model.

(1) Cross-Section

1) The cross-section was measured using photogrametry tech-
niques and aeria2l photographs taken In 1976,

2) The c¢ross-section was taken each 100 meters as a rule,

3) Platting scale:

1/1,000 horizontal and 1/400 vertical,

(2) The River Valleys Studied

1} K. Putih

- measuring line number

- 2)

202300 -- 500800

K. Krasak and K. Bebeng

" measuring line vumber 40250 -~ 500800

(3) Pormulas for Valléy Flood Capacity Calculation

The capacity of each valley section to pass the flood discharge was

calculated one by one.

Flood velocity

'Quantity of runoff

where

Capacity for water only
- Manning's equation

) Average velocity without sand was calculated
using Manning's equation, and velocity with sand was calculated with
Wang's formula respectively as follows:

Capacity for water
and sand Wang's
equation

[y

==

er BA 48 A% RE AR 44 SR es 88 Ea B

TR A POLOMTKD <@ i~

1/n-R2/3,11/2 YL

YW+ a(d - yW)

Vi =

Av Q) = Avi
average velocity of pure water
velocity of flow with sand
Manning's roughness coefficient (see below)
hydrvaulic mean radius (R = A/P)
slope of riverbed

‘quantity of runoff of omly water
quantity of runoff including sand
cross-sectional area

specific weight of water

speclfic welght of bed load

ratio of sediment to water

wetted perimeter
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Roughness coefficient (n}

The manning's roughness coefficient should be based on data from each
cross-section. However, since data about roughness could not be '
obtained from the gauged xrun-off, the Manning Strickler equation was
used to estimate it as an expendient as follows:

= 0.0417 dulf6

where n : roughness coefficlent
dn : mean diameter of grain

(4) Parameters for the above equations

- Area of cross-section, hydraulic mean radfus and slope of the
riverbed were obtained from the photogrametrical measurement
data,

~ Roughness '"n"

The relationship of the mean diameter of the riverbed material
to the slope of the riverbed was estimated using the data shown
in Table 3 and the formula below.

The angle of slope was decided for each section from its
longitudinal profile,

Relationship of the slope and mean diameter (D}
= 95,52 el — 92,77

where

mean didmeter

slope of rviverbed

base of natural logarithms with a value
of 2,71828

Correlation coefficient of D and T is 0,96,
{r=0.96)

n =
TRETET

Table 3 The Mean Dianeter of the Riverbed Material
and the Slope of the Riverbed

. Measuvrement : L ' i
Location Xo. tine No, Slope (1) :::ﬁrgigmeter

e (D) in mm

; 401090 T T

401150 0.045

3 401270 0.042 ;gg

4 401370 : 0.037 :

5 401740 0.033 5.31

6 402610 : Q.018 4.78
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(5) Calculation of the Capacity

K. Putih and K. Krasak river courses were each divided into four
longitudinal zones according to slope gradient. The slope, diameter
and roughness coefficient are given for each section as shown in
Table 4 below.

Table 4 Topographical Parameters per Zone

] . _ Slope Riverbed Roughness
é Zone (1) diameter {n)
| (D)

No. 202300 -- 201830 | 0.024 5.07 0.055
4| No. 201820 -~ 201500 | 0.033 5.95 0.056
5 No. 201490 —- 201160 | 0.042 6.85 0.057

No. 201150 -- 500800 | 0,057 8.35 0.059

No. 402150 -- 401920 | 0.020 . 4.68 0.054
¥|ho. 401910 -~ 401310 | ©0.038 6.45 0.057
2 No. 401300 —- 500980 | 0.047 7.35 0.058
2| No, 500970 -- 500800 | - 0.063 8.96 0.060

"Wang's equation is used to obtain the veloeity when the flood contain

a lot of sand. Each parameter was defined as follows-
(K. Putih)

yw = 1.0 t/m3 :
: d = 2.8 t/m3 .
0. 41 (Data from Salam Jan, 9, '78, on K. Krasak used here)

-

a

(K. Krasak)

yw = 1.0 t/m3
= 2.8 t/m3
a = 0.11 (Zones 402150 - 401920 gaged on Jan. 9, '78: Blanburan)

0,41 (Zones 401910 - 500800 gaged on Jan. 9, '78: Salam)
(6) The Fstimation of Probable Endangered Area
The capacity of each river section to pass the flood volume through
its banks was studied by computer to determine the following
characteristics of probable following:

(1) The ronnoff volume

(2) Locatfon of the river section with insufficient capacity

to pass the total fleood volume recelved from the section
- just prior to {it.
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the method used for calculation 1is based on three major gSSump—
tions as follows:

{1) That the starting point of the runoff would be zone 500800
for both K. Putih and K. Krasak.

{2) ihat four volumes for the runoff would be considered:

Case a: runoff equal to 1/4 the height of the riverbank

Case by . 1" /2 " t
Case c3 " 3/4 " _ !
Case d: " the full haight "

A summary of the data resulting from the first two assumpe
tions is shown table below.

Name of Flooding Height | Starting VolumeﬁgﬁjAssumed runoff m3lsec.)
river stack peint}] of (a) 1/4 | (b) /2 ) (e} 3/4 | (d) full.
of assumed | bank height height height . | hedight
runof (m) of bank | of bank | of bank | of bank
¥. Putih |No.500860 % 12 393 1,598 . 4,750 - 8,577
K. KrasakjNo,500800 20 6346 4,968 12,535 27,616

{3) That the maximum volume of a river section would be
passed on to the next section regardless of whether over-
flow occurred or not. 1f overflow did occur, the volume
of the overflow (i.e., the difference between the received
runoff and the capaclty of thé sectlon) would be assumed
to be permanently deducted from the river gystem (i.e.,
from all the subsequent river gections), : ;
For example, assume that 393 m3/sec is the starting run-
off, and that the lower 20 sections of K. Putih have enough
capacity to pass through this volume, but that the 21st
section (No. 201040) has only 365 m3/sec as capacity. This
means an overflow of 28 m3/sec will probablly occcur in the
21st section. On the lower reach, the new runoff amount of
365 m3/sec will be discharged. If a subsequent section has
less capacity than 365 m3/sec, it will be labelled as an
overflow point in a similar fashion, and so on.

The results of a computer simulation based on the above
assumptions are shown in Tables $ and 6 for each section of
K. Putfh and K. Krasak respectively. A summary of the
probable endangered flooding areas are shown on the maps 1n
Figs. 2 and 10 for the K, Putih and K. Krasak respectively,
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Fig. 4 Relationship Between Lahar and Breaking Zone
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Scale: 1:25,.400

Breaking zone
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Fig.5 ldealized Pattern of Lahar Qceurrence
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Fig 6 PROBABLE ENDANGERED AREA MAP
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Fig. 7 Map of Tha Area Damaged by The Floods
{RAHAR/BANJIR) in 1975, 1976
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Fig.9 Probable Endangered Areas (K. KRASAK)
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1. GEOLOGICAL BACKGROUND OF G. MERAPI
1.1 Stratigraphy

The geology in the area of G. Merapl can bé classified into the following
five groups which are also presented in Table 1.

{1) Récent Volcanic Products from Eruptions of G. Merapi

Thié'gféup consists mainiy of lava flows and pyroclastic fraguents
from eruptions since 1888, the exact dates of which are known, and
lahar that has oceurred since 1930.

{2) Terrace and Other Unconsdlidated Deposits

This group consists mainly of present riverbed deposits, terrace -
deposits, alluvial fan deposits in the lower stream area, and other
alluvial deposits._

(3) Young Merapi Volcanic Products

This group in¢ludes lahar deposits and lava-flows before 1930
{exact dates are not known).

(4) Oid Merapi Voleanice Products

This group consists of 0ld Merapi lava flow, intrusive and pyroclastic
ro¢ks,

(5)_'Base Rocks

This group fncludes volcanic rocks and deposits of the tertiary
period which form the foundation of G. Merapi.

1.2 . His.tdry of Volcanic Activity of G. Merapi

G. Merapi has had a long recorded history of eruptions. There is a
record of damage caused by a major lahar flow in 1006 on a stone
monument with Sanskrit inscriptions of old Javaa stories. There is also
a record of some three thousand deaths caused by a major eruption in
1672 which produced. glowing clouds and volcanic mud flows. A record of
the mountain's volcanic activity after 1800 was kept by R.W. Bemmelen.
This record is summarized in Table 2 along with the recerds for

recent years.

The summary suggests a cycle of 1- 7 years of activity foilowed by a
dormant period ‘of 1-6 years. xcept for recent years, the exact scale
of damage caused by such activity is unknown

Records indicating the direction of lava flows in recent years is
summarized in Fig. 1. This summary shows that there has been a shift
in the direCtion from NW-W-SH-N- NW-W-SW. Since the old Merapl voleanic
wall in the southeast remaing, 1t can be expected to control lava over-
flows in that direction, The principal nuée ardente danger zone should
continue to be in the direction of SW-W-NW.

B-1



1.3 Teiminotogy of Volcanic Products

* the terminology of volcanic

In this "Study for Making Master Plan Lo Llcandc
products used by the Japanese Study Team is based on R.W. van Bemnelen,

I. Surye and field surveys by the team as shown Fig. 2.

(1) Nude Avdente: Avalanche Type

puring an active stage of G. Merapi, viscous lava may flow-over thg
crater rim and form a lava tongue. Parts of the unstadble lava mass
may callapse and red hot lava blocks will roll down the_slope! _
dreaking into numerous lava fragments. Some of the fragments qgll
turn into glowing sand and ash, and form a suspension of glowing
particles in hot afr, which will descend as a dense cloud,

R.X. Van Seccelen is of the opinion that lava blecks measurfng about
100s3 do mot cause nude ardente, but only common avalanches, and
that the developrent of sooke and dust from such avalanches is
snall. 1f thousands of cubfe meters of lava break off, the develop-
pent of keat and pulverized lava is so great, that the avalanche
apresrs to expand rapidly. This incandescent flow ¢f volcanic
Jebris is cslled "ladu" in Indonesian.

weh nufe ardente of the avalanche type at G. Merapi usually move
e from the crater, but dbig avalanches may reach a distance of

ka.

i g v,

{2) YNude Ardeante: Explosion Type

Moriag velcanic explesions, lava masses may be emitted from the
evuption vent. The lava i{s thrown upwards and a part of it flows
vver the crater rim and rushes down the slope. This flow of
incandescent debris is accompanied by the nuée ardente.

The difference between nue ardente of type 1 and 2 is that the
explosion type is always accompanyed by a rising califlower cloid
of wvolecanic ash,

(3) "Lahar" Mud Flows

The Indonesian term "lahar" is used to deseribe the voleéantie mu&
flows on the Merapi and Kelut volcanoes. Lahar of Merap{ are
classified as rain lahar, '

During or after eruption, a huge amount of volcanic materfsl is
deposited on the slope of the volcano. Rain water mixed with this
vaconsolidated hot volcanic material turas it into a high:déhSity
nass, which descends with increasing velocity and forms lahars in
the aiddle and lower reaches. Such lahar is called hot rafn
lahar until they cool.

The concept of lahar is very similar to the Japanese "Dbéékifyn“
in respect to massive straight movement and the inclusion of 'big’: 5
blocks and thick and poorly sorted sediments. The characteristics -
of sediment products and discharges in Indonesia are very similar =
to those in Japan, (See Appendix-1; B-48) - ST
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