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_.were due to the inflow of lahar or’ to the presence of the main
course, it has been confirmed that lahar flowed from the B.
Semut Lama (Old B. Semut) 1nto the K. Kurembang, a tributary of
| the K Re]a11 in 1911.“ h ’

S On the other hand, it is also likely that the B. Semut flowed
1nto ‘the Duren at some time 1n ‘the past- the Duren is a
tributary of the Mu;ur. ‘As oan be seen, the Semut was, in the
past, subject to consxderable changes in its course, but it
became a notably stable under-fit river after 1940.

The B. Sat was diverted to the B. Tunggeng river after the
_dlsaster of 1909 by artiflclal QXCavatlon. ‘Although other
_changes in rlver courses ‘aré not noted, works records prepared
for the B, Sat Lama “indicate the fixing of river courses, i.e.,
to the-Ks Mujur; Qn.many:occa51ons.

: Chahgésfih"cdurses#at~the-top of fans result in disasters whose
_size'affécts the.éntire'area'of thé fahSir The presence, if
any, of: deep valleys (fan’ head ‘trench) at the top of the fans
‘does not prevent a variatlon of river 'bed height. - When the
rlver_bed_rises,‘therefore,-there is always a possible danger
of changes in the river courses.. =

3.  DISASTER STUDIES
3.1  FIELD STUDIES

‘Pield studies were conducted based upon a study table, shown in
Tablef3.1; and the results of these field studies are shown in
_Appenaix ' " .+ Since accurate determination of the years in
'which disasters took place is not likely by means of inquiries,
' confirmation thereof was made using ex1sting data. As a result,
two_disasters_were newly added to the existing disaster area
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map (1/50 000). As fOr some dlsasters, several correctiOns .
were made in respect of disaster areas based upon the results ”;
of 1nqu1r1es.: As mentioned, determinat1on of years through :_ i-
inquiries is not always accurate; however,'xt was learned that ;'
the data carried in the existing disaster atea map was mostly '
correct regard1ng its coverage. The locatiOns of study and a
list thereof are shown in Fig.—3 1 and Table-3 2, respectivelye-

3.2 CONDITIONS OF DISASTERS BY P'RINCiiPAL, RIVER

(1) B. Sat and K, Mu]ur

The 0011apse of volcanic eJecta which OCCOUrred at the .-
head of . the B. Sat and B. Tompe in. 1909 causeéd the lahar ;.

to overflow at the top of the B, Sat fan; further,*thew,-“
etuptxoas spread to cover the areas between the B. Sat -
Lama and K. Mujur and reached points as - low as EL. 250 m,
‘some even flowed down valleys of the B._Sat Lama river and
went. beyond the railroads before stopplng.-_Still some .« .,
ejecta flowed into the K. Lateng, belonging.to. the :
Bondoyudo river systém;_and'étiécﬁéd:LQﬁéjén@.:,The1dis-:
aster brought about in this_timef{ééthéﬂq:éatest;ofithOSe;
experienced at the area. The deposits from 1909, i.e., .
boulders, can still be recognized near the vi;1age,of,
Kertsari even now, |



Questionnaire on Past Disasters

Table=3,1 No.
ﬁéy/ﬁbﬂth/Yéar‘ _ Name of surveyor
 Natie of Village -
'RképOndent“Haﬁ / Woman Age How long have
T - yau lived here
i o I have heard
‘Have you éver Yes HWas your village ever it was
 experlenced a lahar "~ No hit by a lahar before
S you were born I have heard
it wasn't
. _ . 1 have heard
Have you ever Yes Has your village ever it was
experiencted a flood No hit by a flood before
S you were born -1 have heard
' o it wasn't
.OﬁcurrEnce of lahars : _
and floods Deposit Composition Hater Logses
_ . Height
- Day/Month/Year House | Persons
i B - o holds
How many years ago
Glay Sand
n Gravel m
Boulders
Clay Sand
mn Gravel 0
Boulderxs
Clay Sand :
m Gravel ©
Boulders
Clay Sand
m Gravel ' ©
Boulders
Clay Sand
o Gravel m
Boulders
i.Lﬁsses Yes Day/Month/Tine bepth of
in 1981 . No Deposit o
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Table-3,2 List of Study Points .

-

.Day/Honth No. _ IOéatibh - ﬂaf/ﬁﬁntﬁ' ﬁo; f_"_i§g§§;on.f
7.7 . .1: Tunggent 14,7 fi' ?andanggng{- 
2 Géla#an :Z Rekesan Kidul
3-1[Sumber Sart” 3 Péndéhlﬂangi
3-2{Sumber Sari . 4 [Pandan Wangl
"4 |Sumber Sari 5 | Pandan Wangi
5 |Sumber Sart 6 | Tempen Kidul
6 |Wonorenggo | 7 Tempeh Kidul
7 |Sumber Mujur 15,7 | ‘1 |Tempeh Kidul =
8 |Sumber Mujur 2 Tempeh Kidul -
9 Penanggal :3' Leﬁpéﬁi 
10.7 1 |Kerro sart 4 {Lempent
2. |Kerto Sari ’5 Keméméﬁg;xTéﬁ Y
- I . ¢Tambahrejo
3 [kerto Sari S I
: T 17.7 1 |Hutan Bago
4 [Kerto Sari : L e .
_ -2 | Bago Rekesan
13.7 1 jKlopo Sawit - S e '
Pancut ' ':3_ Bago Rekesan
v Rojobaien - 4 {Bago Rekesan
Klopo Sawit S o
j 5 |Tengah Kalt
3 |Klopo Sawit ~ ]Rejali
4 | Klopo Sawit 6 |Bago Rekesan
5 |Besuvk Tempené 7 |Bago Rekesan
6 | Semban
7 | Jokarto
§ | Jokarto
9 | Pulo
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No.

Day/Month :Location " Day/Month Location
29.7 1?3:Paﬂggung_Lombok' 11.8 1 | Gondo Roso
C. puro _ :
S R o 2 | Ringin Ponh-
1~b|Panggung Lombok Danu Rejo
C. Puro
s '3 | Danu Rejo
1~¢|Panggung Lombok :
C. Puro 4 | Gondo Ruso
2 {Sb. Wuluh, Candt 5 { Danu Rejo-Gondo
Puro ' Ruso
2 iKebondeli, Sb. & | Panu Rejo-Gondo
© [Wuluh | Ruso
5-|Sb, Wuluh 7 | Sumber Rejo,
f I | Gondo Ruso
6 | Panggung Lombok ' '
Kidul . 8 | Ringin Pojor,
5 IR AP | €ondo Ruso
c 7.8 '1 [Kamar Kajang-
: | 8by Wuluh 9 | Sudimoro-Kali
- — : . | Bendo
2 I'Kebondeli-3b, '
Wuluh 10 | Sudimoro-Kali
_ " | Bendo
3 | Kebondeli s
R 11 | siluman-Bades
4 |'Sb, Wundkal- i
~ "18h, Wuluh 12,8 1-2|Tegal Banteng-
5 | Komp. Renteng-~ Buyeng
| Sb, Huluh o
N S o . 1-2| Tegal Rejo-Bulu
© 10,8 1 | Jugo Sari Rejo
2 1 Jugo Saril 1-3} Tegal Rejo
3 | Jugo ‘Sari~Jugo, 2-1lWareng~-Tempur
{cCd. pure | sart
4 | Jugo Sari-Jugo, 2-2| Hareng-Tempur
Cd, pure Sari
5 | Jugo Sarf-Laha 3 |Puro Rejo
I Ran . o
' S : 4 | Tempur Rejo
" 6| Jugo Sari-Laha
. | Ran
7| brang~gannung
8

Urang-gannung
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ZLOCafigﬂ; 

- Day/Month’

f Loeation

Dayluoﬁph No. ‘ﬁo.
20,8 i"Chtéﬁ Kbbbﬁéqj.'f', ‘:_1$¥9_1‘;:_9;_Jap1t Candipuro
2 Sumber Wuluh 16.9 ‘1"Bu1ak Ktakah
I L e Japit B
3 Sumber Wuluh e : e
S ' 2 Japit Candipupo
4 Curah Kobo'an e =
. S 3 Nguet Pasirian
21.8 1 Suniber Vrip : :
I - 4] Nguer
2 Kamara (Supit B
Urang) Nguer Pasirian
27.8 | 1-1 Jugaten 6 | komptangan
Prdhbjiuo : Pas{lian _
1-2 Stdomulys 7 Fotmely Xalike-
Ampelgadive - merén :
2 Sumber Rowd 8 Pasirian:‘”'
3 17.9 | 1|caplex’
4 Pronojiwe 2 | Kavangan Yar-
: . | Japit
15.9 1 Sumberurip ﬁ _
o -3 _KgrgnganﬁYar
2 Supit Urang % .
' 4 | Legong Janbe -
3-1 Gumukmas. Supitu- . Selokawat
rang |
5 Legongjambe_
3-2 Gumukmas, Supitu- Selokawar
rang - -
L 6 Selok de Bonan
"4 Supiturang -
Prono jiwo 7 Lempeni
5 Supifurang ,3 Hadprng ;
6 Kloposawit 1.2 Semuhu
7-1 Selorejo Klopo 10 Madurejo
" Sawit N S
' 111 Semumu
7-2 Selorefjo : : :
) 112 >Semumu Darungan
8-1 Sumberrejo & B :
Candipuro 20,9 1 Karang Bendo
8~2 Sumberrejo 2 :Karangan ‘Ygr

Candipuro

'._Jprig :
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No.

PUrwosono

Day/ﬁonth Location Danyonth No. Location
- 20.9 "3 Juranggantung 24.9 7 | Bayeman Citro
Jarit . Trunan
4 Bangun Sari 8 |Suko Purwosono
5 |Bades Purut 9 |Karang Sari
- o Sokodono
6-1|Bagokrajan
' Kidul
7 |Bago
8 Geéang
9 |Pule
10-1| Suko Rejp*Tempen
Tengah '
10-2|Suko Réjo Te
11 Teﬁpéh Lor
12 4 Tempeh Lﬁr'
13-1|Besuk Tempeh
13-2|Besuk Tempeh
N 14 Curahjefo Labruk
23,9 1 {Tulung Rejo
. Pasrujambe
2 ,PaSrujambe
' Senduro
3 | Pasrumanbe
o - | Senduro
C 24,9 1 |Sumber Suke
2 | sumber Suko
: Tempeh
3 . |Sumber Suko
4 IMojosard
5';'Léban Labruk Lor
e
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hfter the d1saster of 1909, the B. Sat was dxverted to the
B._Tunggeng. Dlsasters after 1909, accordlng ‘to available
records, include that . of the Bendo Dike at the fan top in
1946 and 1957 and that at the Sumber pakel rivér, a

'tr1butary of the Lateng. _In 19?6. two floods were
"recorded. ' e o

"On May 14, 1931, the oollapse wh1ch occurred at the valley

head of the B. Tunggeng caueed lahar to flow down the B,
Sat and B. Tunggeng. Disastet areas at this time included
those a10ng the B, Sat. B. Tunggeng and Muyur. The debris

'overflowed along the Tunggeng and downstream- however, the

main poznt ‘of overflow was seen ‘at the top of the B, Sat
fan, Part of the flooding water went beyond the_
embankment and flowed into the B. Sat Lama, limited in

-amount, and spread most in ‘the village of Keroposawit to

subside at the K. Mujur near the village of Karangculik.
Water -also flooded the right bank and flowed into a-

_ttlbutary of: the K. Duren.

. Other disasters iﬁclude11ava;-or'ﬁue"a:dente,*which
reached néaf'EL. ‘900 m-at the K, Poh‘fan along the B. -

Tunggeng in 1895,

B Semut and K. Pancing .

In the case of the B. Semut and K Pancing, there is no
known disasters after the lava overflow of 1942, Seven
dlsasters are recorded between 1900 and 1942; and among
these, disasters whose areas are known are those ot 1909,
1913 and 1942 three in all., The disaster of 1913 was
caused by ‘a flowing in of debris from the B. Semut to the
B._Kobo_an_which,brouqht damage to the lower reaches of
the'K.rRejeli;_from'neer the top of the B, Semut fan, the
flow spread over the areas between the villages of Sumber

- Wuluh and candi Puro and reached pointsinear EL. 300 m.
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Part of the debris whlch overflowed at. the time can be

.observed along the national road connecting the two _
‘villages. The disaster of: 1909 occurred in the areas

between Cand1 Puro and Pasirlan and’ aIOng the K. Panoing.
The B. Semut fan still consists of vast devastated land
and there is the presence of deposlte of lahar, suggesting'
frequent overflow of debris not 1ndlcated in the records.
Dlsasters whose extent.. is not known can also be noted frOm
ecords showxng frequent changes 1n rxve: courses.‘

No d1saster is recorded for the lower reaches of the B.

‘Semut after the lava overflow of 1942; 1n passing. lava,-
or nue ardante, f10wed down along the B. Semut in 1895.'

K. Rejali and B Kobo an_

As far as disasters. bef0re 1940 are concerned, only a. few
disasters are recorded, including,that of 1913;_however,
the results of'inquiries and exieting data . strongly
suggest that there were disasters also: before the. 19405.
Furthermore, the results of inqulries imply that the
debris which overflowed beforée the 1340s consisted of -
particles not ‘as coarse as those seen now and the size of
the disasters was not extensive. ‘

The frequency of disasters of this basin after -the 1940s
is 51gn1£icant1y higher than *hat of - areas along other _
rivers, and those recorded after 1946 alone amount. to e
ten. The areas subjeoted to dxsasters after 1940 take up
more than half the area of the Rejali fan~ and damaqe is
particularly frequent to fans with a steep and gentle
slope and the top of lahar fans._ ‘The points where_ B
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5jf100dihg starts are found between the tops of fans with a
fisteep and gentle slope. Moreover, damage tends to extend
3;downstream over a considerable length along the old river
f?00urse.

. Areas subjected to the disasters of 1976, 1978 and 1981

;istill 11e devastated and not much restoration for land use

::has been done. ' Similarly, the top of the fans with a

.fgentle slope along the K. Rejali, i.e., areas on the east
"of Gn. Jugo, still have areas for which restorat1on work
.18 due. '

LOE factors which brought about the-increase in disasters
}after the 1940s at the Rejall fan, the following two can

“be cons1dered-

':? The emergeﬁce bf the river'as an overfit river due to

the change in ‘the course caused by lava outflow of 1942

_(increase).

- ;The crater may. have faced the B, Kobo' an or it was

fdirectly cohnected to the B. Kobo an,

'iiFrom the results of field studies, it ‘was learned that

_;most of the lahar seen in’ the area was hot ‘lahar and there
_iwas the presence of debris which was heated to a certain

"idegree and which did not contain much moisture in the B.

’fKobo an, The findlngs suggest that the occurence of lahar

-i;is'c105e1y connected to volcanic activity,

(4 | |
_i;The first disaster experienced at the lower reaches of the

_;K. Glidik is the outflow of nue ardante along the B. Supit
'iin 1885; thereafter, no disaster has been recorded until

?K Glidik

the disaster of 1967, hfter 1976, disasters frequently
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took,piace‘in the. Lengkong'fan formed by the-B Bnag, B,

Sarat and B, Kember._ These disasters can be attributed to
, the dlrect conneotion between the crater and the B. Sarat
- brought ab0ut by the overflow of lava occurr1ng after the
‘19605. -Owing to jthe frequent occurrence of lahar, the

Lengkoné'fan:is,fat present. left devastated,

Tne_ﬁtesence of deposits-df lahar or nue ardante was noted .
on the right bank of the B. Cukit from aerial photo-
graphs and the years in which they: accumulated were es-
timated by field studies. The estimates were made on the
'grounds that the years in which disasters took place at
the lower reaches of the K Glidik, the v111age of
'Bulureyo, and the results of -inquiries conducted in the
‘village of Kalibening,‘along the B, Cukit, matched. Also.
that the existing documents show records of disasters
.which took place at other river are¢as in the same years.
All this Clatlfled the - ocourrence of two d1sasters, in
1922 and 1938, along the B Cukit. The disaster. of 1922
left a vast area of deposits on the right bank of the B. .
iCukit. ;

In”MenCh,;IQSI} nue ardante flowed down the B. Bang and
reached points near the village of Pronojiwo.

-543_ VOLCANIC ACTIVITY AND ACTiVITY OF LAHAR

The relationship between volcanic activity and occurrence of
lahar is shown in Table 3. 4. As can be easily seen, the occur-
rence of lahar 1s most frequent when Mt. Semeru is active.
This in turn implies that most ‘lahar is caused by the collapse
Of ejecta newly accumulating at the upper part of the volcanic
| mountain. Although the 1ahar Which was seen in the K. Mujur in
.May of 1981 resulted from the collapse of the top soil on
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mountainsides, the area had already been covered with forests.
In terms of the location 6f the material which collapsed, the
lahar in the K. Mujur of May, 1981, differéd from ordinary:
lahar. :

Lahar occurs Qhen Ehe'volcanoois active and'dufing such periods
the fréquencyoof,oCCurréncefof hot - lahar is also high.' It is
also supposed that the occurrence of lahar originating in the
collapse of volcanic ejecta yet to solidify is highest, followed
by thaticaused by collapsé of -large-scale gullies at the valley
heads. ~The:lahar in the Ki Rejali of May,: 1981, is of the:
lattet_type,. Lahar resulting from the collapse of mountainsides
in forest. belts should be quite rare, as no occurrence of land-
slides, except for that of May 1981, is l1ke1y on the mountain-
oldes in the forest belts. ' o '

TheSe“factors all cOntribute to the frequent occurrence of
‘lahar at valleys connected topographically to the craters.

3.4 DISASTER AREAS AND TOPOGRAPHY

The follow1ng relatioushlps can be observed between disaster
.areas and topography: L

(1) -~ The nue ardante and lava flows for which records are
- available stop generally at ladu fans.

(2)--Daﬁér causes damage also at ladu fans; however, its -
'extensive damage is most likely at lahar fans,

{3) Flooding of lahar is likely to’ begln at the top of lahar
- fans. "

(4) ;Whére.thesdéposits of previous lahar are accumulated in
- thick layérs around the river course at fan tops, the



(5)

(6)

(7

(8)

3.5
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point of beginning of-flooding may:sometimeés be found .
fUrther'downStream, ccnvérsely; where theré:éte thick
1ayers of deposits: 1n the river course, such poznts are
found further upstream. o

 From: the condition of disasters and topography of the
‘Rejali and Semut fans, various points on .a fan can be |

subject to disaster,

In particular, areas around river courses and old river.
courses tend to become channels for lahar, resulting in a .

downstream extension of damaqe along the river courses and’

old river courses.

The distribution of lahar depcsits accumulated in the past. 
is almost limited to lahar fans above EL. 150 m - 200 m.

Although damage caused by‘1arge—scale;1ahar,§s-likély_to.£‘
affect areas as far as the periphery, the materials
supplied in such cases tend to consist mainly of sand and

pebbels or granules,

PREPARATION OF PROBABLE FLOOD AREA MAP -

As stated in Section 3.4, the unit and type of disaster of fans
¢leary correspond with each other.,  This is only ﬁatural in
view of the fact that the present topography seen at the
volcanic piedmont is a result of the past OVerflow of debris”
and an accumulation of deposits,

The difference in the mode,cf.0verflcw of debris.and the :
condition of deposits is closely connected to the dégree‘of
damage and the ease in restoration work; and in the light of ;
this, flood areas were classified according to. the condition of, -
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the acéumulation of materials. Here, topographical classifi-
_catlon was used as it was 1n principal, since the condition of
such’ accumulatlon bore good correspondence to the topographical
'_:cla551flct10n._'

'In establzshlng probable dlsaster areas, the following assump-
tlons were made con51der1ng the condltlons of past disasters:

(1)' W1th1n one fan’ unit, “the degree of probabzlxty, i. e.,
type, frequency and scale, is 1dentical

:(Q)IEThe rlvers runnlnq through ladu fans and lahar fans with a-
steep slope are subject to flooding at all points along
the way. '

(3) _With regard to fans with a gentle slope and on the
perlphery, no floodlng occurs at pornts where valleys with
a depth of 5 m to 10 m are formed.

(4j Wlth further regard to fans w1th a gentle slope and on the
' perlphery, areas w1th a llmlted helght are exXcluded from
,Qflood areas. _ :

: Thése_essdmptions do not_necessarily meen that the degree of
probabﬁlity_of disaster at:rivers belongingito different systems
is idehticéi° i.e., since the frequency of lahar occurrence and
its’ type differ from one - river system to another, the degyree of
probab111ty at flood areas downstream therebf naturally differ
”ndependlng on thc r1ver system.

; Table 3 5 shows topograph1¢a1 cla551f1catlon and types of _
?;disaster._ Since the debris flow type is considered to apply to
_'areas as’ far as the top of lahar fans, the areas were made to
"-anlude the top of lahar fans found further downstream of ladu
fans. MoreOVer, since the thickness of layers of lahar deposits
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‘Table- 3.5 Relationship between TOpographlcal Unlt
_ : and Dlsaster Type ST o SRR
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- was cpnfirmed to differ at lahar fans with a steep lepe.and
fans with a gentle slope by mud flow studies, two separate
categories, Mud flow (A) and Mud flow {B) , were made,

The determination of prebable_disaster areas was conducted
based upon the foregoing“éssumptions in the following order:

1) Establlshment of probable flood sectlons along
pr1n01pal rivers, =

2} Establlshment of Flood L1m1ts Areas

The boundary regardxng flood perlphery areag was
establlshed as Follows with reference to the past
) dxsaster area.

(i) Lateral Estension-
_ TopOgraphical boundarles of m0unta1ns, hills

~valleys with appreciable s1ze, other fan units,
[ . . etC. ) ' -

(ii) Downstream Extension

B. Sat fan ... with reference to the disaster
area of 1909,

(iii) Classification of sediment‘type in probable
' flood areas based upon Table-3.5,

The prebéble disaster area map thus prepared is shown in

" Fig.-3,2, 7The map was drawn without quantitatlve analysis and,
_therefore, further corrections based upon quantltatlve analysis
and in terms of hydraulics may still be necessary
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All the studles conducted in thlS report as dlscussed helped to
:clarlfy the outllhe of the topography of the study area and the
h:exxstxng condltlons of dlsasters._ Further, examlnataon ‘of the
_relationship between the topography and the d;sasters enabled
'preparatlon of probable dlsaster area maps._

Dlsastets caused by debrls 00cur as part of the process in which
formation of and change 1n topography takes place- therefore,
'COmprehensxon of the nature of topography 1s an 1ndxspensab1e
-task 1n formuldtlng debr1s control proqrams.

_The Erequency of the occurrence of dlsasters and the cond1t1ons
. thereof depend on the nature of the valleys through which earth
is 5upp11ed to alluvial ‘fans. In the light of thlS, the nature
of valleys as a placeé where disasters originate was classified
with”referehce to the frequency of- past disesters. The topo-
-graph1cal relationshlp between the crater and the valleys and

" the presence of large- scale landsllde areas’ at the valley heads
appre01ab1y increase the chances of the occurrence of lahar
-disasters.

On the other hand, fans where debris tends to flood are now
sobjectptchhenges in the river courses owing to considerable
outfioh ahdfacCUmUIation of debris. Changes in the river
;courses are llkely to cccur at fan tops and their effects are
'felt over the entire ‘topographical unit of the fans. Fach fan
wae_dlviQed into three units 1ong1tudzna11y_for the purpose of
this,teport}'hameiy,._ | '

. Lahar fan :‘ R EL. 750 - 1,500 m
Lahar fan (steep slope) C EL. 250 - 750 m

‘leferences in the floodxng and aCCUmulation characteristics
-were made clear
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Disaster investxqations confirmed that the existing disaster _
area maps were fairly accurate; as a result, increase 'in the
frequency of disasters inside the K. Rejalx fan and the cause
thereof were assumed with Certain accuracy; in other words, the
main cause is found to 1ie in the increase in the area of basin
due to the outf10w of lava into the B. Semut in the 19405 and
the topographical relationship between the Crater and the B.
Kobo! an, located upstream of the K. Rejali. L ' ;

Moreover, the point closest té the Leces embankment a10ng the?

B. Sat was found to correspond to the top of the B Sat fan. |

The knickpoint at this point helps the flowing of lahar into u'_L
the K. Lateng, which is a tributary of the K. Bondoyﬂdo. The"i'
'fixing of the river cOurse at the top of the B. Sat fan is
considered to ‘have a great deal of importance in terms of

debris control for the fertile Lumajang Plains. o
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Sevefal types of vegetation derlved from the subalpine forest
. are partly caUSed by flre, partly by volcanlcity.

:ln“iﬁé“ﬂa@hﬁése*mOUﬂtains°fofest:fffé‘is due to man in almost
all casés, in a few oases poss1bly to fire-clouds {Nuee
Ardente, ‘1adu) or lava, as in Mt. Semeru and Merapi aeria. As
far as we_know, it is never due to lxghtnlng.

The mofe serious fires' are 90551b1y caused by the dry season
which’ ‘occurs regularly in the mountains of East’ Java, and o
éspeclally affects the nofthern and western s1des.

Every year ‘in ‘East Java’ a dry perlod prevaxls and all “the

' mountains suffer annually from fire, from Mt. Dleng eastwatds,
in particular Mt. Lawa, Vilis, Kaw1, Mohameru (Semeru) and
IdJen, where the forest has glVen way to grassland.

There" dre only ‘a few" llgneous ploneers, ‘Quercus sp. (pasang),
thsen sp.’ (Nyampo), Varaonla sp. (Acalypha), Dodonaea sp. and
OtthS. LT i, . s :

‘The Eoremost range among these,’ however,ils Casuarxna
fjunghuhniana ("Cemara ‘gunong" a kind of spruce flr) which is
the most fire resistant of them all. Th1s ‘dioecious tree is
1ong lxved and many grow to a great age and majestic size. 1t
has maﬁy seeds and ger1m1nates easily. The t1ny seedlings are
often destroyed by f1re ‘oF eaten by deerr but once the sapllngs
have attalned ‘a’ féw meters in hexght 'they are fire-resistant.
Even: small trees that are completely burnt will 1ater sprout
£roi the charred 'stem and’ 1arger twigs, ' Its root system is
rextens1ve and’ damaged roots will also sprout.



Casuarina Junghuhnlana is of course not only a prneer in
deforested grassland. . it was, ana Stlll is, a chatacterlstio
pioneer on . the bare soil of volcanlc ash and sand, 1n gravelly,
sandy or rocky streambeds,and on. screes (as 1n the Mt. Semeru.
area). On grassland a few stunted Quercus Sp. are found. other—
wise pure forests of Casuarina- )Unghuhniana are p10neering ona7q
the cone of volcanlc ash and 1apilli (summit c. 3, 6?5 0} mainly
along the ridges, up to C. 3 200 m.

As the fires retufn every'yeat in East‘Java, Casuerina ferests'
occur in extens1ve pure stands on all the summits (Casuarlna .
be1ng natlve eastward from Mt Lawu enwards)‘: “This is partly

due to VOlCﬂn101ty but 1arge1y due, to man, a development which

must date back to prehlstor;c times, If fire could be kept_ﬁut
of the entire region, the Caeuarineefe;eets_Qeuld.diejoqt_infa'
few centuries. ' ' S | -

Voleanlclty is another major cause. of forest destruction.g_;A
Lahars, hot or cold, Ladu, fallxng Nuee rdente, cover vegeta-
tion and many are blown 60wn by the tremendous air pressure., o
The debris found on the high ash cones preVents the growth ef ,'
forest Vegetatlon. mostly downwatds to c. 3, 000 m, e.q. on Mt.
Semeru, where the forest is creeping_upwards h1ghest Qn,the
ridges. This is caused partly because the debiis is sterile -
and extremely dry and further, because the seedlings are burled
under the 5011 and asbh. ' '

Accoraing to'the resuit ef the ferest Sureey'on lahdsiideeﬁe_e
which occurred due to heavy rain in May,. 1981, around Mt,{,,;;s'
Semeru, there were still 308, trees/ha._ The percentages are as
follows: "Pasang"” (Quercus sp } 51, 3%; "Nyampo“ {Litsen ep )
29.9% and other kinds 18. 8%.‘ Accordingly, amonq these young o
trees: "Pasang" 31 26%; "Nyampo" 24. 97% and other kinds 43 ?7%;5,1



'Arqund_the'landslide Qn'thé slope of Mt. Leker which was formed
by flank erqptiqn, 189 trees/ha were found, among which 25.4%

| were "Pasang"_ 26.5% were "Nyampo", "Semburng" (Veraonia sp.)
were 3. 9%,l“Tutup" (Acalypha sp.) were 7.2% and others were

| 37 0%.7 The condltlons for young trees seem to be favourable

renough. '
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1. INTRODUCTION
1.1 _OUTLINE OF DISASTERS

The'study'érea has been snffeting from the frequent disasters
caused'by‘dirédt pyroclastic flow and lava flow or disasters
causéq by,volbanic;mudflow.._The,fOrmer are referred to as
"direct diSaster”,-as'théy are directly connectéd to volcanic
aCEivity; The volume of debris accompanying these disasters is
likely to be‘enormous (in:general, in the order of 10 m to
10. m ), but the size of disaster areas tend to be limited and
they are most likely to occur on the upper half of the
mountains. - On the other: hand, disasters caused by mudflow
occur when volcanic debris.accumulated loosely on the mountain-
sides is-triggered and washed away because of rainfall ot other
inducing factors and flows down to the piedmont. These are,
therefore, called "secondary disaster", accompanied by volcanic
'activity;'.The_amount of mudflow is generally around 100 m to
10 m.. ;Howeyer,.inltermépOf the,VOiume;of sediment béing -
washed away, the frequency of such-disastérs-is high (once in
several;yeaES).and in many cases they cover the entire area of
the piedmont;:causing extensive damaée to inhabitants and
property.

In Indonesia, Ehese volcanic mudflow are commonly called
"lahar",: Lahar, in brief, is a downflow of volcanic debris,
such as ash W1th water, and it is similar to such phenomena as
debris flow or mudflow as they are kn0wn in Japan. The term
"banjir" is used to refer to Elood, although it is generally
used to refer to flocd as-a’ synonym of lahar.: It sometimes
_contains a great amount of materials and in such cases the
dist;nction between lahar and bonjir is not clear.

In contrast o ‘the Japanese praetice of using such terms as
'floods, debris flow and mudflow which are dist1nguished in



relation to their mechanism of transport, it appears that thef
terms lahar and banjir are. used as a matter of custom.”

1.2 PURPOSE AND OUTLINEbe STUDIESI_

Comprehension of such: condit1ons as erosion, transport and -
accumulation of- debris within a given ba51n is a prerequisite?=
to any formulation of sediment control planning. L

Assumption of:tﬁe éiéerof'disasters ot.floods ahd:thé condition
of accumulation to be to scrutinized in- connection with. such -
plains is possiblé only when there is an. appreciable under- . -
standing of the study ‘area; which in turn énablés. the formula~ -
tion of effectlve countérmeasures regarding the characteristics
of sediment movement, S S

In the’ light of this, it is considered that: comprehension of

the condition of the nature and transport volume of sedimént
discharge in areas which suffered disasters.in_the past provides
a standard in respect:to measures against disastet..-The preseht
study undertakes to investigate relatively recent disastéfs,”::
for which better understanding is more likely, based upon . the -
foregoing considerations. - - - ‘

The study was, therefore, ad?anced with .regard mainly-to the
lahar of May 14, 1981, which is the most recent disaster in ‘the
river basf{n under discussion. P RS S T B

Traces of debris movement caused by lahar and the extent of-
floods were clearly recognized, éven at the’ time ‘of the field
investigation (July, 1982), and compréhension of the condition'f
of debris accumulation was further facilitated. by the - ”
availability of aerial photographs, taken after the disaster in
July, 1981. 1In passing, ‘the lahar resulted in 365 deaths, it



inéluding those repotted missing, 1,002 lost houses and public
facilities and damage to a vast area of cultivated land.

The‘féin;'ﬁhich latef caused the lahar started around 2 o'clock
in the afternoon and stopped around 7 o clock in the evening on
May 14th. The maximum hourly rainfall is reported to have been
60 mm/hr (17 100 - 18 00). The total rainfall reached as much
as 164 mm.A ' - |

Lahar occurred at two locations, i.e., at the lower reaches of
the K. Mujur and the K. Rejali. The occurrences of Lahar
_reported- for the K. Mujur, occurred around 18:;20 and 19:30.

2. STUDY ON DEPOSITS
2.1 .M_ET}IOD.OF STUDY

The study was conducted through the 1nterpretat10n of aer1a1
photOQraphs and fleld 1nvestlgation.

The: dlstribution, morphology, structure, compos1tlon,'
longitudinal/lateral cross sections of valley and thickness of
the lahar deposits were obseérved or measured 1n the area of the

study.

{1) _Interpretation of herial PhotOgraphs

The - location ‘and dlstributlon of the deposits and the
morphology of the lahar deposits were scrutlnized by means
of aerial photographs. In addition, a preliminary study
was conducted on the study areas.
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sediment balanhce

END

Fig.-2,1 Flow Chart for the Study



(2)

(3)

(1)

_Field Investigation

The study of - the depos1ts was carried out W1th reference
to the outcrops along the principal river course and rills
or trenches f0rmed in. the depOS1ts. The thickness,
composition, structure, Cross sections, etc., of the
deposxts werée: examined: where diréct measurlng ‘of particle
diameter thickness of the deposits proved considerably
dxfficult by’ means of tape11nes, eye measurements were

taken.

-ClassiflcatiOn of Dep081ts

The deposits were duly cla551fied based upon the investi-
gaticn results. Classification standards were ‘established
after examlnlng the thlckness, structure, compos1t10n,
cross sections and flooding mdde of the deposits.

 RESULTS OF STUDY

K, Rejsli Basin

1) Outline

;A conceptual map is shown in Fig.-2 2. The uppef
',reaches of the river consist of two torreuts, i.e., B.
Kobo an and Curah Lengkong, whose sources lie on the

volcan1c slopes above the forest belt. The two
'Eorrents converge neay EL. 720 m and flow downstream
‘through a valley at the east end of Mt, Kukusan which
is composed of Tertiary r00ks, and form a vast fan
extendlng from near EL, 500m to the Indonesian Ocean.
}In the fan, many small streams run twisted together
and - the formation of a few small ~-scale fans can be
frecognized.' The main r1ver ‘course is found along the
Emountains in the west and is referred to as, from the
“top ‘of the fan, K._Leprak, K. Regoyo and K. Rejali.
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Fig.-2.2 Simplified Diagram of River Sysﬁems
of Investigation Area o



The basin under discussion is classified into the main
part-of the cone (EL. 1,500 m up), ladu fan (EL. 1,500
- 800 m) and lahar fan (EL. 800 m down).

'Thé;lahar of May, 1981 occurred on the slope of the B,
Curah Lengkong source (referred to as Curah Lengkong
hereafter) and the upper reaches of the B. Kobo'an and

_ fleEd down the B. Kobb‘ahHValley before flooding at

- the K, Leprak fan {see Flg. -2.3). The lahar formed
”several types of 1ahar tOpography and some of debris
brought by the lahar 1s found in areas as far as the
Indonesian Ocean.

2) Caféh-Lengkohg
' A large-scale landslide area is seen in areas between
the source head of the Curah Lengkong and the summit,
i.e.; baré slopes at EL. 2,000 m - 3,300 m. According
to the staff working at the officée in Semeru, the
landslide areas were first discovéred after the lahar
of May, 1981, and inéerpretation of photographs'and
:eye obsexrvation also indlcate that the 1andslxde is a
recent occurrence. All this suggests that the lahar
originated in this landsllde area and flowed
denst:eam. {See Fig.-2.3)

“hé landslide is considered to have'been_cauSQd;by the
failure of some of the rocks which are part of the

_There is no descr1ption of the lahar which occurred at the
_upper reaches of the B, Kobo an in the past disaster map
”(1/50 000) prepared by the Progect Semeru. The occurrence
was. confirmed, howeVer, through inqu1ries nade of the
'f'resldents ‘And” added accordlngly.



cone proper and: ejects which had acCumulated thereon.
From the aerial photographs, the average depth of
degradatlon and ratio of: remalnlng ‘éarth OE “the
landslide area are estimated’ to be approximately
77,500 m , 10 m to 15 m, and 1/3, respectively.’

_M{t(Semém _

Landslide

\ en T
_ 8s. Sat

Bs Tengah
. Bs. Tunggeng :

“Bs.Curah Lengkong

FLg.-2 3 Sketch of Landsllde Areas on the EastErn
Slope of Mt. Semetu '

The debris flowed dowﬁﬁihside”the Qélleys'cuttihg‘into
- the mounta1ns1des downstream of EL. 2, 000 m.. ht EL.
1, 000 - 800 m, in particular, it flowed down 1eaving

terraces with a height difference of 1.5 m to 3 mon-

one or both sides of their channel. The terraces

‘mainly consist of sand. and gravel including ‘some bigr

boulders, however, their matrix is of slit and fine. ..

sand, and many boulders are found insidé the terraces.,
and on the surface (ab0ut ‘ 2 m)._ The outcrops of
such terraces consist of several 1ayers, distin—\~\_ -

quishable by the part1cle diameter and color of the L



. *uoy3Tecdap X0 dowwouw
wnﬂm:wu INOYITA UMOP SMOTF 29Y¥]

wOg~ 07

~mgzL
*T4 3% UW,0Q0Y "6 sujor

*323208 wW0] pur BARY

03¢

‘UnDyETW @3¢ awye] yo s3ysod €'c LAY
=2p . IIaaM0Y. $STOTIWDOT . TRABADS hﬂ vomoaoao 2av STIVULYY
av 0298 (WZ ¢ sasprnoq aBawy . tugy npey
- 008
L~ 0¥
*Popo1s UISQ SAEY O3 PaIPPTE | WILAOL POs}y PIQ. VLI POOI3 MIN
=U02 ‘BIIBAIIY PTO PuU® paAQ. LPTTEA G - N )
-, "SUOTIEIOT ;
1BID9ADS 2¥ numm.aaﬂ, wY ¢ ) *jERg 3337.uo WIS sjTsod )
saaprnoq 21vY - fQIPIM BT WOZ '=3p MOTF ®ABY IO BOD®AL | 0°G e
- wyr pur 3IYITOY SATITTZ UT WE . *ateq gda0g i .
e mge1 “saveainl IEYUT O FoussRag T suwy npE] ’
- 0001
(o239 ‘srsuuwyd jo sauged
SUTpusy). BUOTIVIOT TRIIADSF
3% udey Haak AS1TRPA QO @PFTSPUY] ) :
" 1d - spesvRIwWOpP ‘padeygan 21w sloTTes 6701 28
~23d Bawy 03 POIAIPTHUGD ST TIPA . *319q IsaIog S
£37TvA pue DP3q 23ATI -jo vOYSO2R L . *e3PTSGTTIUNOR
. 0002
*SUTERSI . IPIIRpPUDT Aq .
: pesnED STIQRP JO.¢/T "xoxddy ' ’ -
L 1a paunsse ST apTISPUET 7o yadeq - .
(U005 LY WOOLE - BOOOZ ..uﬂEEbm. ’ :
*7g I FPILEPUEL-ITEIE2T2E] ol wcﬂanuxo adoTs a1eq-. C00EC
JuPUTPS PasTeodag e o . o e .wuv L uoy3
A PIVOPOLY IO UITITIUOD {(Q033I298 59032 "Roxdde——-) #OTH |- fydwagodor adoTs b y3aBusn | -wARTY

Amnoxwﬁuq yeany) saysoedaq ‘uﬂnm.H J0 mdﬁaus.o .m...w..uo.mpm..w




3)

J =10

the matrix within the layers. The‘boeldets; ﬁowever,"
are found without consistent order within each layer.
The sutface of the texraces is flat and thexr _
longitudinal cross section is nearly parallel with the
slope of the valley bed. However, the 1aterel'éross
sectlon is considered to have had an undulat1ng 1ine
during the flow1ng down of lahar. '

B, Kobo an

No landsllde areas are recognized at the séurce head _
of the B Kobo‘an._ This 1s partly due to the densely ¥
occurrlng gullies in the area, whlch makes detection _
of landsllde difflcult.: " ,; |
Aerial photoqraphsiand‘the results of'field investiéehj
tions indicate erosion of Valley beds in the valley _
area downstream of EL. 2, 000 m. Varxous 1ocations_"
with outcrops of 1ava are observed as ‘gorges and
waterfalis. From theSe observations, the lahar of the'

" B. Kobo an is assumed to have been the result of

valley deposits found at EL. 2,000 m = 1 000 m and
which were washed aWay downstream. SRR :

Ins1de the valleys found at EL. 1,000 m - 720 m. lahar?

deposits are seen terraced at many 1ocat10ns. ‘In

general, the terraces are 1 mto 3 m in height. 'The _':'

- height of the terrace scarp at the upper ‘teaches’ is

greater than at the lower' reaches. In tﬁe vicinity of"
EL. 750 m, they are as low as' 1l m in height. These |
terraces are mainly composed of sand, pebbles and
cobbles, and their spaces are filled with silt and _
sand. Although a structure of several 1ayers can bez |
recognized on the cross section, the boulders are cel |
irregularly distributed within each layer.iz‘
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Further, the deposits contain many large boulders with
a diameter of 1mto 2 M. ‘ ‘

Near Kobo'an ‘Dam

There are terraces oompOsed of lahar material in a .
section of depoSLts (EL. 680 =720 - m) of the KObo an

dam. The relative helght of ‘the terraces 1s 3 ‘m --5 m
néar the area directly upstream of the dam and about I
m at a point 0.8 km. upstream of the dam. The depositsz

are_ mainly of sand ‘and gravei and contain a consxder-
able number of large boulders ( 1 m to 3 m}. , P
Although a structure cOnsisting of several layers is L
reCOinzed in the. deposits, the boulders with1n eaoh
of these layers are 1rregu1arly distributed.

The center of lahar flow tends to be oloser to the _
left bank at. the upper stream of the dam.] The cross
section of ‘the deposits is considered to rise at ‘the

_oenter of flow: (see ‘Fig.-2. 4) In addition. ‘the flow

is consideied to’ run in a straight 1ine, as suggested
by its downstream course.- '

¥asimom ~ Reight of Cross Sectifan
sl Iaaar :

. e —

P L ¥ PR P
W

Deposits

& 'm,ﬂi{“su_ oA J
: i!l ead :

S| S & Saes -

E-__:I Crangte

%o o Fettn

Eobale &
Ol ateer

Fig.- 2.4 Sketch of Lahar Diposits {1981}
"in the Kohoan Dam
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Leprak Fan

Inside the Leprak fan, four flooding locations can be
confirmed. Two of them are found upstream of Gn. Jugo
o and the othex two, downstream thereof

2 At the poxnt where the river w1dens neat its mouth,
there is an area thh cOnspicuous deposits.,

'The characterlstics of these areas of flooding and
deposits are shown in Table-2.4 (the areas of deposits
are numbered from the upper stream down) ‘These
c0ndxt10ns of floodlng/deposits can be summarxzed as
follows: '

_a).

b)

c)

‘The areas of flooding/deposxts numbered 1 and 2
. are situated at the top of the K. Rejali fan

f(steep slope fan). At the top to the center of
_the fan, channels run with a depth of 3. m to 10 m,'

and no floodlng occurs.

éThe areas of floodlng/deposits numbered 3 and 4
élie at the top to the center 6f the K Rejali fan
-(gentle slope) At the center to end of the fan,
it floWs into the d1ssected channels.

;In the floodlng area numbered 5 the river course
;_;cuts 1nto the fan surface over a depth of 2 m to

‘10 m (dissected valley),'so that the deposits
_;remain at the valley bottom. - The movement and
',accumulation of debr1s at these flooding areas can

abe characterized as follows. '

K Debris disperses near points where the

flooding starts, however, it later flows into
small- and medium sized streams. The main

flow of lahar moves downstream along the dent, .
‘such as channels.
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Table-2.4 Outline of Latar Deposits on K. Rejali Fan

Ttem

No. 1 and No. 2 Flood -
Areas El 500 - 600 .

No. 3 and No. & Flood
Areas El, 260 < 140w -

Ro. S5 Deposit Area
El, 140 - QO n

Cbatacteristicp of

Peposited thickiy within

Deposited thickly over a

Deposited mainly within

deposit area : E: limited area wide area river course
Maxiumun deposit T o ST C 1L.5m 1o
thickness - Approx. 300 m Apprx. 500 m Approx, 500 m
'Haximum deposit Hidth : ’ . o :

‘Ma¥{ous grain size - 5o ™ 0.5 m
Typical vaximum graln _ S _

'size : 2 - 3 B 1.5-2nm" 0.5m

Hain\cddﬁosltion

Siit, sand and gravel

$ilt, sand and boulders

Sand and gravel

péposit structure

Layered structure with

Léyeted structure with

several layers ) Same as 1 & 2 several layers
Boulders ave arranged ; : '
ireegularly within a Same as 1 & 2 Presence of laminas
SIngie layer D .
Deposit surface - - hearly sily. ‘ I,
e large. boulders seen at Same as 1 & 2 Nearly £flat -
: several locatfons A .
Lateral cross section Nearly parallel to Same as 1 & 2 Parallel to peneral
. .| geteral surface S B surface
Langltudinal CrOSS Paraliel to rlver bed Same as 1 & 2 Samé as 1 & 2
section .753r RERIRE slope ' o
Plane fomatibn Tongue-‘él*aped accumu= as’ 1 & 2

latién seen at some
locations

Same

Absent in general

Flood beéfﬁﬁfﬁ;ﬁﬁoiﬂf

Behding points of river
course

P¢inta of Tow tlver
enbankment :
{Fan center - Fan end)

Bending points of river
course

Polnts of'shift in slope
Polats of low river .
embankment

1 (Farr apex - Fan end)

ﬁidening points of
river

Topographical
classification of
flood aveéa’

Léhaf,fah“ R
(steep-slope fan)

Lahar fan -
{geotle-glope fan)

Valley bottom plane

C?OSS sectlhn of .
‘deposits '
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b. The materlals of lahar which have flooded
accumulaté thiCRly hear points where ‘the j _
flooding. started, and the " accumulation tends*_ff
to become thlnner frOm the main flow toward
the sides. Such tendency is appreciably SR
conspicuoue.

(2) K Mu;ur Basin
1) Outline '

As illustrated on the conceptual map of the basin :
(Flg.-2 2), the upper reaches of the Ko Mu;ur comprise'h
torrents such as the B..Tunggeng, B, Sat, B Tompe and .

B, Tengah‘ Amonq them, the source or the 1ahar under i

" discussion is found within the mountain51de (forest o
~belt) near EL. 2, 000 m with’ regard to the B. Tunggeng.ii-
and on the bare slope directly under the summit with
regard to the B._Sat (see Fig.—z 3) The B.,Tengah,f

"whlch is a trlbutary of the B Sat,‘shares its source
with the B. Tunggeng: and 3oins the main B. ‘Sat near
EL. 900 m. Both the B. Sat and B. Tunggeng converge
near EL. 450 to form the K. Tunggeng, which later - .
joins the K, Mujur near "EL. . 450 m before Elow1ng into
the Indonesian Ocean. ' '

The basin is olassified into the maln part of the cone
{EL. 1, 500 moup), - 1adu fan (EL 1 500 - 750 m) and
lahar fan (EL. 750 m down) ' : |

The lahar of May, 1981,' esulted from landslides on
the mountainsides at the head of the B. Tunggeng which
eroded the slopes and. rivers d0wnstream thereof and

developed into lahar while flowing down. Some of the
debris flowed downstream along the. B.-Tengah and B.

Sat and joined the debris flowing down bOth these o 1
rivers near the top of the fan at’ EL. 600 m to 500 me
Still more of the debris destroyed ‘the Leces '
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jcondltlons of floodxng/dep051ts ¢can be summarized as
follows'

a)

_bf

_,C)o

‘The areas of flooding/deposits nuhbered 1 and 2

are situated at the top of the K. Rejali fan
(steépeslope.fan);f-At3the top to the center of

“the fan, channels run with a depth of 3 m to 10 m,

and no flooding occurs.

The areas of flooding/deposxts numbered 3 and 4.

‘lle at the top to the center of the K. Re]al1 fan
_(gentle slope) - At the center to end of the fan,
it flows into the dissected channels.

In the floodlng area numbered 5 the river course

cuts into the fan surface over a depth of 2 m to

}10 m. (dlssected valley), SO that the de9051ts

remaln at the valley bottom. The movement and

accumulatxon of debrls at these floodlng areas can
:-be characterlzed as follows.

Ca. Debrls d1sperses near’ po1nts ‘where the

floodlng Starts, however, it later flows lﬂtO
small— and medium- sized streams. The main
flow of lahar moves downstream along the dent,
such as channels, '

'5;_ﬂfhefhé£eriéls'of.iaﬁar:which have flooded

accumulate thlckly near p01nts where the
'flood1ng started and the accumulatxon tends
“‘to become thlnner from the main flow toward
Lthe sides. Such tendency is apprec1ab1y
'conspxcuous.
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embankment before flowing outfof?theiriber_mounth; > 1In
the course of its flow, the debris spread. and formed a
certain type of topography at several locations near .
EL. 650 m to. 250 m. ' ' i B i

The condition of the accumulated debris according to
each basin is descrrbed below. - '

B. Tunggeng

The landsllde area in the mounta1ns1de (EL. 2, 000 m-
1,820 m) was the source of the 1ahar and the flow mbved

‘downstream collecting unstable materials along the way.:

The 1andsl1de area is found inside the forest belt and
1ts depth is 1m to 4 m, Outcrops of lava are found on
some of the slide surfaces long1tudina11y.' These lava
rocks aré cut near EL. 1, 850 m._ A deep qully, 75 m in
width and 15 m in depth, is Eormed. Forest lands
exlsting before the degradat1on still remain 1n ‘some
pacts of the degraded area and within such soil the roots
of trees and grass remain in large numbers.' The soil is
composed of silt and does not contain b0u1ders (refer to:

A sketoh'of'the landsiide areas’is-shoﬁntiﬁ rig.42;5;

The debris from the landslide flowed down eroding the
surface layers and valley beds and banks of ‘the gully
walls at EL, 1,820 m - 1,350 m. The area subjected to
erosion extends over ‘a length of abOut 1 7 km and a ;

maximum width of 0.9 km, and the soil in the surface _
layers was eroded with a depth of 0 5 m on the slopes.

The lahar flooded valleys and flowed downstream at the

valley areas below EL. 1,350 m. This is because the area
of the cross section of rivers at the valley area’ was not
adeggase to let the whole volume of the lahar pass’ (see '
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£1.2000m
© Landstide Area Lava
Cross Section
AR
EL1820m -

Surface Erasion Area

Surface Erosion Area

Bs. Teagah ._ Longiludinal Crass Section

Fiéf-.2;5='Skét¢h of Landslide Areas at the Valley Head
S " of Bs. Tunggeng River |
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~From neéax EL, 750 m, the accumulative tendency pre-

dom1nated and downstream of near EL. 650 m the lahar
flooded over the left. bank and destroyed part of the

forest,_flowing into the B. Sat nearby.

:The'deposité'found oﬁ the sldpes'between EL. 1,350 m

and EL. 750 m consist mainly of silt and sand and

”contalns only a limited nnmber of - boulders. The
raeposits form a slngle layer and no laminas are seen
'_within the layer. Thé thickness of the layer is about
0.3 to 0.5 m. - B |

‘Although the longitudinal/lateral cross sections of
- the deposits are similar with the section of the such

vOlcanic slopes, the traces of the ddwnflow_éuggest
that it was swelled on the center of the flow.

Boulders are found here and there over the entire area

{1 m to 2 m) and, in areas above EL. 750 m, there are

several locatiOns.where 10 to-30-1arge_bouldérs are

densely accumulated_(no,imbrication is seen).

‘B Sat

Some of the materlals (EL. 1,820 m to 1,350 m) from
the lower slope of the landslide area at the source
head of ‘the B. Tunggeng flowed into the B. Sat through

:"the B, Tengah (EL. 1,350 m'to 910 m) . ' The deposits of

”earth/sand seen inside the valley (EL. 210 m to 750 m)
'”of the B, Sat form terraces on One or both sides of

the ohannel.' Thesé terraces havé a relative height of

about 3'm. ‘and ‘the c¢ross sections of the deposits
'fpossess a ‘structure consisting of three tayers. The
_thickness of each layer is about 1 m and boulders are
: arranged irregularly inside thereof.
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Furthrémoré, the layers consist méiﬁlf’of“silt; sand -
and boulders and some lardé boulders 1 m-to'e‘m'iﬁ“‘
diameter are also seén._ The- longitudinal CLoss
‘section of the depos1ts has a’ sloPe sbmewhat gentler
than that of the river course and the lateral cross
section shows a difference in height between the 1eft'
and right terrace surfaces.u It is- ‘therefore con~"

sidered that the- cross seetion used to possess a- riseﬁﬂ'

in the direction of the oenter of - flow.j The surfacesf
of the terrdces are flattened. - On the" other hand, a
new series of terraces with a relative height of 1 m .
to 1.5 m along the main couxse “of the B, Sat near EL.
1,000 to 900 m: is seen independent ‘of the 1ahar from ,'
the B. Tengah. This suggests Lnflow of lahar from ‘the

main course of the B. Sat. N SR LN R

Aspectse of erosion in the bare’soil”slopes near .EL.
3,200 m of the source head of the main coursé of the

B. Sat, as well‘aS'traceS‘of"fiow‘offearth/sénd”at the

downstream valley: area, can be tecognized through
interpretation of- phot6graphs.r The eatth/sand
deposits seen along the downstream channels are’
assumed to contain earth/sand from the source head of
the B, Sat.

The lahar deposits, become more conspicuous. from BL. .
650 m - 450 m down, and part of the debris s known to
have flooded over the right bank, destroyed the forest'
and flowed into the B. Tunggeng basin. The section is
considered to correspond nearly to the center of the
area of small scale fans, which take up the upper half'
of the steep slope lahar fan. .



23

M.omq
__.H.Uhﬂﬂ wogt ~0g
pomzang ad0Ts 89POIP ATUTEW ABYW]
, 'BuaBZuny -sg Iyl
90 OJUY SMOTY PUP 353107 SALIEIP
14 aeyel 30 Jxwd pue Tauupyd> Syl
¥o jueq IYITI IIA0 SPOOTI ABYEY S o 2 .
{sa3vuToopaad AoUdpual uoyIjecdag . - 059
. . *8B0TARO0T
THIIADE AW c.omw 2aw Y3y IATIRT
20 -9 uF WL - VI uuuuuuww vwmwm . Su swEp’ oquE Fo wunomuum |
B : Rodhenl! 03 uwl n . 8L
~8UBX3 ¥ 3q 03 paxepysucd. LTuTEy uBl ARYE] 3 npel 2t vy
-asa13 adwoy, legg yata’ 2uenTFu0d S | _
e h.novﬁa Vuouam uuuwonuv JeyE] W9 nt . .
) - teamker -uu._._n_. poold AN . :
£ 30 un..auov ‘g208X297 POOT 5-.:3. wors 10 SR is 12
. : -g37s0dap 0y vocﬂwupou . . wm. uwm._mwmmn._.ux
20| (W - W) saepyaod. 9By Ausy woz~=01 S aeaeq
‘g R
1d : L31T¥A UTYITA BIORIIBY
S e 3uBTeY 2ayaeTaX UY WE ~ WZ : xe397 PTo 30 amesaza e o
SP0¥IIOY POOTF MU JO WOFIFUIOL 3aq 28510F -
-psq’ A3TTeA pu¥ 89081193 POOTS O oy oo
PO BOTPOIY UNOP POMOTF AFQE] | _ : ot
; +paq AaTTRA-UTHITA FIOPIISI oo koyTen 30 .
: pooty 31s¢dap Jo sduvsvad oy uuﬂa uw..upw..wpmo S IVEN : .
~1d .aﬂﬂns puw paq AaTTes BuTpoxs Taop : Tl iee ameseg | T8 e
"PRMOTZ JAUY- O3 POIIPTSUCY. BT 1T . 3!1“ ‘ou wm.ﬂwcﬂduuzo.a e . -
.uho.h.hu.,. TIYIEA umop SMOLF ABRE] ] ocer
_ M\ o Gm.m _ Do
“xofey euying adoTs @Q @ur.i..!.w-t._._‘_ .mm mo muﬁsa.,nuuu : I
40 uvonu Auu&u BualBuay ~sg 3o pEey S ) " o Aeiima et Ty
Id '93In08) (8ayIBR’ Y2ddn 3T SPYYE TR A xmwuuh mm.uouwum”ﬂwuwwow } &1y m " ozet
o ~Pue WOIY -ING uuﬂso.nu.uaoaﬂvom. A” : . .. .
. : 231s0d - S =8ap oy BOTI
‘Juamppeg pairsodag : e . e T qage gad
9 pOONPORI 3O WOTITPUCH (uey3328 95022 *%01dd8--) AT Aydesfoedoy, #doTg | qaduey | - 13

.Aumm *8g) sitsodag xeye 30 mn..n._”uao_ _ m_.w.ruw.ewe




4)

izmbrication of such boulders is” recognized._ The
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Junction between B, Tunggeng and B. Sat to

K. MUJur Rlver Mouth ' *

The area between the Junct1on of the B. Sat and B._
Tunggeng (EL 450 m}) end that between the B. Tunggeng
and K Mujur (el. 290 m) corresponds in terms of - '
topographical classification, to the IOWer half of the

‘steep-slope lahar fan. |

Lahar flowed over the rivers along all these sections,
but the accumulation of sediment is appreciably
thicker near EL. 340 m,di.e., the junction of K. Poh.;

g The channel near. the point zigzags and | ‘the embankments |

1

are 1ow, maklng the area prone to flooding.

The depOS1ts are malnly of sand, small and medlum-
sized boulders. Large boulders { 1 m to 2 m} are :
seen in great’ numbers on the deposits._ This accumu-zj_-'
lation of large boulders is concentrated in the formii-
of a tongue at eeveral locations. uowever, no ¢

surface of the deposits is flat and the 10nqitudina1:
CYoss section is nearly parallel to the general -ﬁ.
topographical surface._ The 1atera1 cross sectiOn
possesses a slight rise near the Center Of flow.

Although the presence of deposits similar to those ‘l
seen in the upper reaches of the river is recognized?
in the lower reaches at EL. 290 ‘m, the scale of f
floodinq and accumulation tends to become limited

These flood starting points are seen at areas with 1owi
embankments, with narrow cross sections of the river%lg
and with bending points of the river,. while the pointsz
of termination and the periphery of the flo0ds are oy
seen along streams and at areas with irregular o )
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_ topography. 'Once ih a while, part of the flood flows
imto streams and dlsplays tendencies to repeat

. small- scale flooding and depositlng.

At present, the area Of floods becomes smaller
;downstream of GeSang (EL 150m) and flood mater1a1
:mainly accumulates W1th1n the river course.
~Acoumu1ati¢ns of sediment are moStly seen on slip-~ off

_?SIOpes and near sectlons where the r1ver coutrse
;wldens.. The distrlbut1on of large boulders is
‘conspicuous, as at the. upper reaches of the river.
_'However, the frequency of lahar deposits contalning a
lot of big boulders compared w1th that at the upper |

’lreaches is: less.

At areas dbwnstream of the Mujur bridge (EL. 80 m),
‘the lahar: flowed’ down wlthOut floodlng due to the
r§d1ssection of the: volcanic perrphery surface by the
river course over a length of 5 m or more, making the
'topography less prone to floods.

'The deposits in the river ‘course are mainly of sand,
small and: med1um sized boulders and the surface of the
::deposits is flat. Layered structure and the presence
- of : laminas can be clearly recognlzed The presence of
large boulders is not noted except in deposits
downstream of the Mu;ur bridge.

“The‘menner in which debris was transported inside the
| K.jRejalirdhd K. Mujur basins can be summarized as
~shown in Table-2.8,
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2.3 CLASSIFICATION OF DEPOSITS"

Formulation of plans for sabo nece351tates the evaluatlon of
the mechan1sm of transport of sediment, in addition to deter-
g minlng the volume of 0utflow of sedrment at a given p01nt.

The mechanism of transport is dependent on the topograph;cal
CondltIOnS of the 10cati0n,rrunoff volume at the time, cOm-
positron of the bed 1oad -and other varioue condltxons. and
tends to be h1gh1y complex._ The difference in’ the mode signifi—
cantly affects the way in which diSasters occur and in turn, :
has a consxderable bearing on the establishment of measures,
select1on of works method and variOus other conditions in sabo
planningr_ : ' e T : S

Since actual trming of the movement of sedlment is not possible,'
Lhe deposrts are classified based upon the mode of accumulation s
which has been observed afOund the out oréps.‘ In other words,
the deposits brought abOut as a result of | the 1ahar of May,
1981, were classified 1nto the - following three types thh
réspect to the thiokness, structure, oomposition and oross _
sectional configuration of the deposits., ‘Each mOde of aCGUmu-.'
lation was given the following names for. the purpOSe of the :
study, with reference to the condition aﬁd area Of acoumulation,3
from the. upper reaches to the 1ower reaohes of the river,_i e.
topographical cla331fication standards (ladu and lahar fans):""

1) Debris flow'deposit o
2) Mudflow deposit = .
3) Bed load flow deposit

These standards of olassificafion are asﬁindioatéd’infTébléf259. f
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Table=2,9 Classification Standards for Lahax

Debris Flow Deposlt

Hud Flow Deposit

Bed Load Flow Deposit

Max. deposit thitkness

"3 o and 6Géfﬂ e

Y e 8

Less than 1

Distributicn of

wida disteibution of

Wide distribution of

Gravel pattlcies about

sectiod Ls natrow;
deposition at péints

and at pofots where river
¢course eross secifon is

- stones ‘areas with a great deal | ateas with a great deal |0.1 m in dia,
S e of gravel O, 1 -1a in of gravel 0.1 ~ 1 o in
Lo i dia, - EE S R dia, i
g Matrix, o0 | sthe sile- Fine sand
. §‘ S : Pina sand (muddy) Fione sand Course sand
'§ Max. . 2 - 3 n and over .2 - 3 m‘aﬁd ovgr. Less tkan 0,5 @
:_Rouﬁdpesp Sub angulat Sud angulax Rounded
Sl e o e Sub tounded
Layeréd spfﬁéthfé ‘Preseat Present Preseat
‘3 . Single~-layer Thickness about 1m, Thickness is less than Presence of laminas,
a4 struéture Gravel arranged 1=, : '
9 ‘ o {rregularly. Gravel particles
5 arranged irregularly,
w . . T N -~
= Tabrication - Abgear _Present,iﬁ_sope , Present
."ﬂ L !* R . .
3 ‘Sorting - Poorly sotted. .. Paprly = moderately Moderately sorted.
a S sorted.
Cross section Rise tbﬁ;rd_center of Slight rlse:tbkard . | Nearly horizoantal.
: flow is secn. center Of flow is secen. S
‘ Flood area is flar,
Longitudinél §10pé 1s gentler than Aimost'péralle} to rivefr |Almost parallel teo
. seétion that of river course, course cross seétion,  ]river course cross
g B ' : somewhat gentler, sectfon,
- . ', - i . . tas . .
Fe Wb DT et = Sret <t K N T BN S - R
a Horizoéntal Accumulation at bending { Tongue-shaped deposit Nearly hotfzontal,
g' section . - ¢ points of rivev course units ate sooetfaes séen, o
e R and uhete ic widens._ '
o ) R S . et
H - : — s :
? . | Fleod begfinning . Flooding at points ubere Flooding at bending ~ {No fiooding except
g- poiat viver course cross points of rivet course local flooding at

bending points, etc.,
of river course,

- where river widens . narrow; same is true for
- (cénfluence, upstream of | deposition,
. dam)} terraced, inside :
) : valleys.‘
Slope‘bfléépésii‘”  ' 3 and greéie?.' 3_ - 1.5 Legs fhan 1.5

Deposit éurfaéé '

7

_Cravel particles 0. 3~

32 in dia, ‘déen at
saveral locations,.

No concentration or tise
of boulders toward tre

‘tip ‘12 seen.

Boulders 0 3-3nm in )
dia./ are seen at several’

locatfons; wmany large

boulders are seen in
clusters locally; no
“tebilcation of boulders
is seen. :

Not particularly .
noticeable.

Ideal outcrops of
labar deposits.
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The area Of dlstribution of mudflow dep091ts corresponds to thef
transit area betWeen the debrls flow deposit and the bed.load
flow. depos1t Area&. InSLde thls area, the fOrmatlon of. deposits
‘is hlghly complex.: The bed load flow deposit area enables theg'
use of clear- cut Cl&SSlflCﬁthﬂ standards and facllltated -
]udgement of the deposxts, focusing on the dlstributxon of
dep051ts in thlS area with’ regard to the frequency of occur-
rence of bed load flow dep081ts and non- bed load flow deposits .
allow1ng class1f10ation of the atea into the.followlng the .
types: ' ' o '

& Mudflow Zone= A

ThlS zone has a d1stribut10n of debris and mudflow s
deposits more consplcudus than ‘that of bed load flow
deposits.. The max1mum thickness of dep051ts is, 1n
manf dases, 1. 5 m or more._‘

b. Mudflow Zone-B

This zone has a dlstrlbution of bed load flow deposits
whlch predomlnates over that of debrzs depos1ts. - The
:maxlumum thlckness of depos1ts is less than 1 5 m, 1n
'”general. ' : ' ' :
The longitudlnal d1stribution of these depdsits can be typ:caily
| illustrated as in Fig.-2 6, and . the dlstt1bution of deposits'
within - the study area is as shown in Table 2 10 It is noted o
that the areas of distribution of these classified deposits : -
cortespond well to the topographically classified fan divisions.

In passing, 1t should also be noted" that although the deposits _
tentatively named “debris flow deposits" in this section contain,

many large boulders and. have traces indicatang flow in s St
straight line and lateral cross sections with a rise, no
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" ELEVATION
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Débris flow

f} Mud flow

 Mud IIOW ioné-s deposits zone
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Table-2.10 . Distribution of Lahar Deposits . °

Classification [K. Rejali Basin K. Mujue Basin |Mainly Land
of Deposits o L Form Unit
Debris flow K,-Lepfakann' Bs;;Sat - o ?,"~=
deposit El. 410 m up - |El, 750 m.up . Ladu fan
Bs. Tunggenq SRR
| El.'?SO m-oup -
Mud flow A ' El.'zﬁbﬁm_up El,,290 m up': '
deposit (Gn. Jugo)’ (conf. of K. |Lahar fan'
L Tunggeng and (steep-slope)
| o K. Mujur) B '
Mud flow B El. 60 m up B. 80 m. I;aﬁar fan .
deposit '(Mujur brxdge) (gentle slope)
. Bed load ‘River mouth River mouth Alluvial fan
. flow deposit| DR o SR '

characteristic rise at the tip of the deposits ox the-pfésénée '
of accumulation of 1arge boulders or debris banks was
recognized :

Moreover, the area of dxstribution of debrls flow. deposits, in
the case of the K. Rejali ba31n, was 1im1ted to the area up to
the top of the K. Leprak fan- (EL, - 500 m to 410 m)+ In. this
area, no conspicuous deposits remain owinq to the flowiﬂg ‘down
of lahar along and. wlthin the channel, which dissectq the fan‘
surface over a depth of . 5 m to 10 m. There is,‘however, an

accumulation of the depos1ts brought by the lahar of 1976 Ovéi{'

an extensive arca of the left bank, and since the d99051ts
correspond to the debrls flow deposits as. classified 1n this _
section, the area was dealt with as an area of distribution of |
debris flow dep051ts. : ' :

2.4 CHARACTERISTICS OF‘FLOOﬁs_wﬁm":

Phenomena. such as floods and the accumulation of debris ate :
part of the process through which the. topography of a piedmont_ 



_.1s formed while causing a change in ‘the topography of the
deposit area._ Understanding, therefore, of the phenomena will
‘prove. effective in 1earn1ng the tendencies of floods and
::accumulation 1ike1y to ocecur in ‘the near future and will
accordingly prOVide 1mportant basic data for the determination-
of flood areas and the establishment of location plans
regarding sed1ment control fa0111t1es.

_In the iight of this, a summarﬁzisléiven beIOw'Of'the character-
:iStICS of floods and accumulation of deposxts as observed in
the course of the studies so far carried out in connection with
.the.lahar of May, 1981,

-Characteristic features observed at flood beginning pOlntS

—",Bending portion of river course
”7i=';:Near point of shift in‘slope of river course
'  ':%'HPo1nt of low embankment/escarpment |

g ;Hﬁ”Portion w1th narrow cross section of river course

Characteristic features observed at flood areas

P- :TThe flooding lahar at first: spreads in the form of a

) «Sfan whose center 15 the river course., It later flows

_ int6 the’ downstream ‘channels;" small and medium- sized
KRR ?f"streams and old rivér- courses._*

3:ﬂi}The mainflow of lahar is most likely to move
"'¢fdownstream along the channels and lowland '

ﬁ‘f'leahar which flows into the downstream channels, small
"_“_and medium sized streams for a second time repeats
_”E“flooding several times as it flows downstream along
;¥€the courses. R

- These.fiood aréas ténd to have their boundary at
points where rising topography or streams are found.



- ;'Accumulatioh of depos1ts caused by flooding is most

n;consplcuous ‘near the beginning point of the flood ‘and
inside ‘the’ channel along the course of flow at the L

ehter of flow, or - around its petiphery. ' S

- The dlstribution of accumulation of flood deposxts is
'thick at areas near the beglnnihg point of the flood _'
:and along the center of flow: 1t tends to be thin at
areas around the periphery._ ' '

,2,5"EST1MATED THICRNEss”oF_LAHAR“DEPoS¢isﬁ_j‘

Maps were'prepared'to illustrate the prohahie'eﬁtent of”fioodF .
ing of ‘lahar deposits based upon the results of. vatious studxes;
conducted in connection with the lahar of May, 1981. '

_Examination carried out'as'disoussed in the'foregoing‘sections
proved that floods and depos1ts on the fang are seen mainly _
along the principal river courses, ‘and the extent of floods and
the distribution of" déposit thicknesses remain within certain '
limits.. ' ' o o

Notwithstanding these'findings,'looal'and temporary. accumula-.-
tion of debris causes the ‘height of. the river bed at: the
beginning points of- floods to change: and,'accordingly, the e
extent of floods apd the accumulation of : deposits tend to’ shxft
in fans which are under development with the active flowout of .
lahar materials, suoh as the area under study.; In this respect,'
the extent of floods and the distribution of deposits thick- '
nesses caused by laha? are’ “consideréd to be’ found ‘6h“the cir-
cumferences of concentrie circles within'a single fan, as in

the case of the arpangement ‘of contour -1ines’ of’ the fan surface,.

irrespective of the location of the flood beginning point. 5
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'f The maps prepated to illustrate the probable extent of flood1ng
of dep031ts ‘aré based upon ‘such assumptions.. That is, the
'farthest downstream end -of. each isoPIeth for lahar deposits -
'thicknesses was extended along the contour llnes to obtain the
‘extent of’ probable dePOSit thicknesses with refereénce to the
'existing d1str1but10n maps of dep051ts structure and deposits
thicknésSés. (See Pig,-2.7)

3. STUDY ON SEDIMENT VOLUME BY LAHAR
3.1 METHOD OF STUDY.

The change in ;he volume of sediment caused by a single diaaster
can be-léarned by studying the difﬁerénce in the topography
before and after:the disaster. :Such data can be obtained
'through a comparison of the results of the topographlcal surveys
of the area in. thesge 'two periods.

Wlth regards to the bas1n under dlscussion, however, data
indicatlng -the topOgraphical conditions of the area before the
disaster is’ 31gnif1cant1y lnadequate and the. comparxson between
the topographlcal cond1t10ns before and after the disaster
proved dlff1cult. In view of thls, durlng the course of the
study. emphasis was placed on, the comprehen310n of the volume
of : accumulated seﬁiment, which can :be: examlned after the
disaster.‘ In other words,_the volume of ‘the accumulated
| sediment was calculated by . directly measuring the deposit
thickness dur1ng field investigations after the extent of the
deposit distrlbution was studied on the aerial photograph
_ readlng.ﬂﬁln addltion, the volume of erosion was also studied
through observation of the area, questionnalres and interviews
w1th local r631dents. :
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(1) Calculation of Volume of Sed1ment

(i)

(ii)

{iii)

(iv)

'The d1str1but10n of the deposlts was read from
‘aerial photographs and transcribed 1nto topo*'

-auxllllary curves are 0. 25 m. 1--‘

Measurlng of the D1str1butlon and Area of tho
Deposits" . ‘

“_graphlcal maps drawn On a scale of 1/10 OOO.AK?po,

area thereof was measured by means of a plan1meter.-

'Measuring of the ThlcknESs of De9051ts

. The thlckness of - the deposits was measured by means

of a tapeline or by eye_QSLng”the depbsits;cross.-
sections of outorops, rills and excavated trenches.

Trovat

. Preparation of;Isometgﬁc‘Ccrve'OEILahar.Déposits~ g

Based upon thé Above data,’ isometric maps for the o
distribution thlcknosses Wero drawn over maps on a”
scale of 1/10,000, She intervals between the '
isometric curvos are 0.5'm and’ those between the

;'_=\_.-:-

Calculat1on of the VOlumé of Depésits

(a) Volume of deposits (Vd m )

~The volume of .the deposits wasg calculated by
the following formula based 'upon’ an. isometricﬁ

. map of deposits-;wg_,sq,,v_g:;jg;:;;g;;a?f
Vdf= Ah,x (héa*whbl/zﬁi%_ﬁﬁf‘f”; 'fA

Where, -

Adz_ Area (m ) enclosed by the isometricwj*
lines h, and. hd.' ' -

ha and hb: Isometric lines (m)
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{b) leume of depositsfin_the'river course
The thickness of deposits inside the river
i course was obtainéd through observations and
inquiries made during the field investigations
- and calculated by the following formula:

: VC = AC'X DC'

~Where,

A,t MArea of river course (m’)
Dt *Avérage accumulation depth (m)

The terrace deposits existing in the river
course were calculated in the same manner.

{c) The‘total volume of accumulated earth (Vt)
~ can be ¢btained by the following formula:

Vt = Vd + Vc-

ICaICulation'of-Volume of Eroded Siopes

As'fbéméf1§ méﬁtienea,?theiveiume of eroded slopes can be

'-understood from thé difference in the topography of the

aréa before and after a certain disaster. The former
topographical cond1t1ons canh be understood mostly in terms

. of estimat1on made in this study. Here, the volume of

earth ‘was calculated as follows with regard to three
1tems, for which certain rellability can be expected. The

ltems include 1) volume of landslide areas, ii) volume of

surface erosion and 1ii} voélume of erosion of the scarp
shoulder.



(i)

. The. VOLume ot landslide areas was calculated by

(ii)
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vOlume of Landslide Areas o

multiplying the average depth' (D ) and the area'

_which was estimated. from aerial photographs (S )

and transcribed on'the’ map.:
vV =S x0D - Vr -

Here, Vr répresents the volume of the remaining.

‘volume, which was obtained by the following formula:

Vr = Sr X Dr or Vt = Ve X Re.
where,
"Sr: Area of remaining debris
 pri . Average. depth of remain1ng debris
. Res Ratio of remaining debris-
Both the avétagé‘déﬁth“bf“léﬁdéiide areas and the

ratio of remaining debris were estlmated in respect.
of the results of fzeld investigatiOns and inter—l

'pretatlon of photographs.; In the course of the ..

work, the zone of, erosion was divided 1nto several
unlts, as necessary, and the above formula was
applled '

Volume of Shrfaéé'ErOSEOn

Traces of erosion of qround surface can be recOg-::
nized, together with.earth deposits, in areas
through which lahar flowed. The: depth of such’
erosion ig generaliy determined with référénce to
the eroding force of lahar and the resisting force
of the soil in the area. uring the field '
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investigations, 1t was observed that the depth of
_ er031on of the slopes was nearly identical to or
“less than the thickness of the surface 1ayer.

'_”'Generaily speaking, the thrckness of the surface
"1ayer appears to be about 50 cm. In the light of

“this, the volume of surface’ erosron (Ve) was
calculated in the’ folloW1ng formula based upon the
: supposxtions indicated ;here bolow:

Ve = Ae x De

. Wh"er.e!‘ -

(Ae 15 the area of the respective de9051ts
thickness in terms of its distribution )

a) pd 50 em, ibe'

oF 50 cm |
b) 50 cm‘ DA 25 cm, De = 37.5 cm ... =_(5o + 25)/2
©) 25 cm D4, bPe = 0 cm:

Further, oases ‘in. wh1ch channels are’ newly formed
1n ‘the ground sur face due to surface erosion are.

: also seen. These cases$ can be easily confirmed

"through 1nterpretation of photographs, field
: investigations and ianIIieS. For such areas the
' volume of etoded earth can-be obtarned through

L 'application of the following formula

vg = Ag % Dg

_ Ag: Area “of channel newly formed
- DYs Average depth of erosion of channél
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(iii) Volume of ErOSion of Scarp Shoulder __:""

Erosion of valley banks, especially valley scarp
_ shoulders, is consplcuous along the B. Tunggeng
B through which lahar flowed down flooding the valley
“:(see diagram below) The volume of erosion for'
' these valley scarp shoulders was calculated by the
following formulaz

vh (L x L /2 % L

b)
Where,
L, and Lt Width and height of valley

shoulders subjected to erosion
i(triangular cross section was

'assumed) , .
Lyt Length of section subgected to erosion

Fi§;;3}l Erééiahtbf_?alléf?Séa%ﬁiéﬁéqiéggé:ijg
3.2 RESULTS OF STUDIES

The results of studies conducted in connectiOn with tha volume
supplied by lahar and accumulated volume are ShOWn in 1f '
Tables-3.1, 3.2, 3.3 and 3 4. These results can ba summatized
as given in Table-3.5. : Pt



41

058 g 3 ot 2 osel v§ -g
AR
0702 0°g T s 0"y 0sY
S5 9°2 T S €T (059
066 99 z oT €€ 03¢
0° 56T 2 < ST 9°7 %00t
: 08T Susss .
0002 TN e
(. ® Q00T %) o - - o _
- sWnTop (=) 27 (w)'q1 (w) =7 (™)) ya%uaq (@) *18 BOTITDOTY
£a7rny 30 SIPPTNOYS WOXF: $IIMPOII IVIWIPIS JO JWATOA 7 ¢-BTqEL
| S € _ _ | . __ St | (3xedpen)
68 0 c8 0% T oY - - BuaBBuny Tg.
. | ‘ , | | §TiL |
| 60T o1 g ot
£€9 R 4 £ . 086 . €2T 0T $*2T .. | {(3asd pesg)
. L, P e e e C L BWOXBRIY
, : nm\._.. .Hv, e .._mm..n. QT R C¢6T L . geanp
BRI 373N ST 19 e
U m 000T %) S mooT X | ( ®iQ00T XY | (=) CQwooerX) |
[ . 9WNTOA 9FITYDISIQ BWNTOA TFPWIY | SWATOA [¥IOL | JMTON TEFIABY nummn_ TEIR. | “BIAY TERIIARY | - WOTIBVOT

~ SPTTSPUTT WOXF SIONPOI IUOWIPIS” JO JUNTOA T E-ITqEL




Cg <42

Table~3.3 Volume of Lahar Deposit in K., Rejali Basin

_ . Flood Deposit - Deposit in Channel Total
SR SRS BN ST MNP DI, : Volume
Depth Area’ {Vol, | Vol. |Depth | Area Vol. | Vol.|x 1000a?
cu x 10000" L1000mIx1000:% » . [x 10000’ [x1000<'[x100093
Curah Lengkong : ; 2,0 | 20,5 | 1.0 | 41,0
El. 820 ~ 1000m - ; R L
B . Kobo'an 2,0 t 15,5 3.0 | 3b.0
El. 820 ~ 1000n a R B IR
B . Kobo'an 2.0 | 12.0 24,0 | 240
El. 720 - 820n ; '
B , Kobo'an LOE 8.5 38,0
bam - | ' .| 3.0 ' 13.7 4.1 | =
Curah Lengkong 2,0 1 151 30,2 |131.7
El. 680 -~ 720a . . 1.0 | 22.4 2.4 | -
: , T | (60.7) o -
i 6.0 | 13 52,0 o
: 2.0 4] 15 36.0 87.0
_ : P 1.0} S s '
El, 640 ~ 680a S T .4 (33
K. Leprak Fan 200 ~ 2590 5 5 P '
No. 1 Flood Area 150 - 200 8 16,0 | 1 - -
' 160 - 150 26 | 35,5 J200.4 7.0 | 272.4
El. 330 - 410a 50 - 100 | 79 : 1759.2 - - S R
75 - S0 | 188 . | 70.5 1.4 ] ss 77
0 - 25| 163 12,97 : :
T (409) - - _ o
, : 100 = 150 6 1.5 .
¥o. 2 Flood Area 56 -~ 100 ] 1315 . | 86,2 | Sl S E
, 35 = 50| 1968 . | 72,8 J178.% | SRR 98.4 | 276.8
El., 260 - 330m 0+ 25 95 .« | 11,9 e | s2 o | 984 ol
T . | (&10): TR i L
— : B
: 300 - 150 2 | 2.5 - ) 5 : D
No. 3 Flood Area 50 ~ 100 § 180 - | 135.0 - |320.3 136.5 | 456.8
75 « 50 383 . [143.6° : T -l
El, 190 ~ 2602 "0 - 25| 9313 | 39.2 0.7 | 182 | 136.5 "
T .| 878 |- : c
No. 4 Flood Area 50 = 100 0 . | 30,0 e : g S PR
: - 25 - SO | 105 - ] 35,4 '} 98.5 |- L ;o0 113505 3 234.0
EL, 140 - 190m 0= 251 233 | 28,4 | - .| o5 | 2h 135, | o4
T (378 - v ‘ '
50 = 100 2% 5.7 . L
25~ 50| 149 . | 55.9 ) 87.0 | : . {101.0 | 188.0
0 - 25| 123 | 15.4 0.5 i 202 wro {
T 293y - _ ; L
_ 150 - 200 § - 12 21.0 |
Fo. 5 Flood Area 100 ~ 150 22 27.5. i N N L ) iy o
50 - 100 | 184 138,0° 245.4 | - oL T s ] 248 -] 493.4
El. 0 - 60u 25 - 50 26 | 10.5 : 0.5 | 496 . | 248 .
0~ 25| 387 "~ | 48,4 1 e
T (633)
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'Table-3.& Volume of Lahar Deposits iIn X, Hujﬁr Basin

. _Flopd Deposit.

Deposits in Chavnel

.Conééut

" Area

Vol

“Vol,

Depth Area |Vol.

Vol.
ém x 1000n’| x 10000’ [x 1000a? | = |x 1000mY 51000mix 10000’
B.. Tunggesg. | 20 720 | owas | m4s '
£1. 1350 - 1820m S L '
1 | 25— so| 10 | 36 |
) o 0 - 25 189 | 23.6 | 49.9
£1. 1000 - 1350n T 39 |- |
' s0 - 100 43 | 3.3
: _ ) 25 - 50| " 107 |7 40.17 | 135.2
El. 750 ~ 1000a . "0~ 75 5G2 62.7
: ' B T IE ) I
lise =100 12| 9.0 |
: R 25 -0l 78 29,3 ] 49.9
El. 650 - 750a S ] ) 1.5 |
B N L LN
s0-200] 122 |oas | | "
: 25 - S0 237 | 88.9 | 238.9 . : 115.0
El. 450 = 650 m 0~ 25| 48 58,5 1.0 | 115 | 1150
; ; T . (821} - :
Bs. Sat 20 a0 | 2.0 | 2.0 |
EL, 750 — 910a 25 | 20 | s0.0| so.0
EL. 650 ~ 750m - Ls |6 9.0 | s.0
100 < 150] -4 5.0
'S0 - 100| 165§ 123.7 |- -
: - 25 ~_ 50| 202 75.8 | 226.5 SO 383,0
EL. 450 - 650a "0 =TEs[ 116 | 910 | 1.0 | 383 | 383.0 _
: _ T (547) o -
B. Tunggeng . 50 - 1000 141 195.8 1 _
ko, 25 = 50] 582 | 218.2 | 422.4 | - S . 250.0
K. Mufur - o [0=_25] 781 98.4 1,0 | 250 | 250,0
El, 290 - 450m T (1510). ¢ o a
; s0-100] 31 2.2 | .
Gesang . . - 35 - 50} 205 1 76,9 | 169.5 301,0
El, 150 - 290 - [0 =25 723 1 90.4 |. 0.7 | 301 301,0
L Lo T et |
; so-00] az | oaea |
Hujur Bridge 35 - s0| .73 27.4 58,9 99.0
El., 80 - 150m . 0~ 25] 150 8.8 .| 0.6, | 165 99.0
' S 3 {250y
_ Cos ] so - 100] 10 1.5 |
K, Paneing conf. 2% - 50 40 15.0 35.5 s . 86.6
£, 40 ~ 8Cn [0 - 25| 104 13.0_] - 0.8 | 112 86,9
TTF {158)
50 -~ 100| . s 3.8 | s
. 75 - S0l 82 0.8 11,8 | s
El, 0 - 40a 6= 25| 3% 83.2 } - 0.5 | 457 228.5
, T | (433 | -
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‘Table 3.5 Debrishpgoﬂﬁcts and'bepdéitidﬁ-(x.iﬂbﬁm{):_

4

~ River K. Rejali Basin | K. thur-ﬁaéiﬁ S

- , - = f 7R§ﬁafks' 
Curah B By ) B ;
Lengkong | Kobo'an | Tunggeng :| Sat. . ..

Volumé produced -_ } :. S L B Qﬁ}"_;; ¥3 o
from Landslides 633.0 | . © o 85,2 il 0 LU Iafléw volume
' ' ' | from B, Sat

| source area.

Volume produced in.: X X N 1081.1 _; f'é75;6 e X 'F Xt
uvpper and middze | . | | 4 o | 4K [ Another type .

‘stream area I - o R B L ,Iéptédet ﬁo}ume.

leumé depostted in' 1 _
upper and middle 41 | 273.7 | 7327 760.5 -

strean area

Volumé produced in |~ 927.7 R R

fan area

T

Volume deposited in 1926.4 | : | 173252{f

fan area
)

P

Volume flushed out {(X + X - 680.7). (Y + X.f+{i5f—2112i;3) ?

to sea
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