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a, 2, 4, 7, 10, 20, 25, 30, 40, 50, 60, 70, 80, 90,
' 100 meters,ff"

RN

’f'55&“&&5;915ﬁ6€£ef’siéés}aé"beiee}f

2. 4, 6, 8 10, 13 15, 16, 20. 24, 25, 30, 35;
3 40, 50 meters._" |

L:The measurement equipment employed was YEW 3244 (made in
~ Japah) in Gesang, Klogosawit and Kertosarl,_ABEM SAS 300

- (made in Sweden) in K Lengkong Fan,

In the measurement because of the ground surfaee of these
‘field sltes was ‘dovered with many gravels {mean diametet 1

to 50 cm) with very dry sand and szlt, it was very

" aifficult for electric current to pass underground.
'°fAccerdlngly. some p -a curves based on the ‘field data may

include some measurement errors.

fAll the values of apparent resistivity were plotted
'1mmediately on the full- logarxthmlc section paper and

recorded on the “MBASUREHENT NOTE OF RESISTIVITY"" The

aéfigures and nOtes are ‘attached- as Supplement ‘Réport D-2
_wlth.the calculated resistiV1ty depth ¢olumn,

3.4.3 RESULTS:O? ANAL&SIS

() - & _
' '"The resistivity ( o) calculated from the field data is an

:apparent resfstivity (27 ap) by the Wenner s Method and
is expressed 1n terme of (pa). '

«.%'w‘-:z':;‘:

-,L_'. £ ::;
4

Method of Analysis

ifo measuring the values of { pa) at several electrode
"sPacings {a), lt is posslble to find the influence of the
deeper layers on the apparent specific resistivity (pa).
“In.the case of a_simple two-layer model, the relationship



(2)
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between eleotrode sPaaing (a) and apparent speclfic
vesistivity is shown in Fig.-3.4.5, Therefore, if the .

relationships between () and. { Qa) in various thicknesses

of upper layers aré calculated beforehand, by comparing
the caleulated relatlonship and the fxeld data the
electric resistivity Structure can be determined.

These theoretxcai Pa-a curves of the two 1ayer model are

iishown tn Exg.~3 4, 6 called "stndard Curves" or "Master
' Curves", : -

In the case of a three 0: more layer structure. u51ng
“Auxiliary Curqes“; the upper layers can be tegarded as

one homegeneous layer.

Accotdxngly, Ln a cOmpl;cated multl-layet structure, the
field data can be analyzed completely.

Fig.e3,4.7 shQWS'Qhe'auxi;ia:g-6urves computed by Mr. Ono,

Results of Analysxs

The analys1s of the fiela data was carried out exclusively
by superlmp051ng a p=a curve on the "Standard Curves"
computed by the "Wenner“ theory.

The p -a curves with the detetmined:tesistivity depth
column are attached'in Supplement Report D-2,

" The results of analy51s of the flndlngs of electrzc
sounding are given below.
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Kall Lengkong Fan

qus.-3 4.8 and 3.4.9 show the results of ana1y31s'

in Kali Lengkong Fan. F1g.«3 4.8 shows the
nOrth SOuth sections, and Fig;~3 4, 9 shows the

-east west seotrons. Thelr vertlcal scale is
exaggerated to 5 t1mes the horxzontal scale.

Accord1ng to the results of electrlc sounding, the
res131t1v1ty structure in Kali Lengkong Fan lS LA

‘divided {nto 6 resistivity 1ayers. On the whole:_”,'
:_the re51st1v1ty values have a tendency to become
smaller toward the foot of Mt Kukusanseritl._f-'

' '4é _ Distributlon of Res1st1vity Layer

(Re315t1v1ty Layer I)

-Layer X is ‘the ground surface layer GOVering
lthe study area. The re51stivxty is 1arger 1n
Kali Lengkong Fan than in the: foot’ of Mt. =
Kukusanser1t1. The res1stivity value 1n Kali _
Lengkong Fan is mostly greater ‘than 2, 000 n:n,-
especially, at some po1nts near PronOwao
' pamsite where it exceeds 10 000 f!m.'

On the other hand, the resistivity value in’ the :
foot of Mt. Kukusanseriti and. in the eastern
area of Kall Lengkong Fan 1s less than 100 @ m.

The layerx is approxxmately 2 to's meters in
thickness-' '

(Resistxvity Layer II)

Layer II is 1im1ted mainly to the area from K.
Lengkong toward Mt. Semeru. :






KAL

(NORTH SOUTH DIRECTION)
LENGKONG FAN

750 e e L F?Sd 1'504 _ .. =ML Semeru )
° Rt V1 : : - . o R :
i . S,:e‘_‘?e"."- . L 1 i _':§_I.Z _LE L : - 750 750 Mt Sémeru
AT 18 . : LE-35
] S | . . ] LE-38 -
4 . KLENGKOHG AflONAL o . R 330 I LE 19 K LENGKONG N“JS%M | . LE-36 LE-37
i . o . . ] Moo - 2290 Lot L
T ] LE-3 LE 4 e S P - — T 1
£ - B K E ] : B B L E % I e
=™ s e Zwe v | o€ | & » N
. :_); . L g g B AR | 1ng i,__; (2) t g 700 % ,
i “ ‘ = _ L O O e
§ [ g . g : I SIS S . | z = 122
@ 3 @ R -l a » T
tw - . S i 1= : L W w
650 . 650 650 28 el I
N S B - ' Soom - 650 650 et
. ] i i 0 | 12951 7 38
4 EER A e
. i L | . ] - cows AL
600- 500 600 o
bt - 600 § 5Q0-
750+ i‘_ﬁ‘f | Semeq - e O F50- Mi Semery ) K ~=-—-ML Semeru
pa . - P LE -23 NaT 150 TONE -45
] - LE-6 : e 10 A T s | AROAD © Y LE-4)
650 LE-6 S o . LE e - _ : : : . 11 ~ 1 LE-42
4 =={ . R S AT!OML o : : | 1ec0 LE-25 ¥ LENGKONG —
e N LE-7 o ““‘"“’"G ROAD A SJ\L aso0 |- LE-26 LE-28 ' | B S ™
220 \a&o B LE-8 ’.-_E_jl ’ T Cai L T DR R _\ =5 LE-27 £ECED Eo‘%\——_% s
1 - 3 — s : - : . — 130 === |
g L& . : ~E g 107 \’L\— 4200 280 | E E 1 |e 135 J':T“‘\\-_
s B 'z g t00 e %i_: 100 z ' 59
Q. i 9 c_) ) ._— 784_,_— . " (?3 &
Py g LT 63 - 30 - = = .o ez
=R : 2 I iy — <
g ) . 22 - <0
a (?.l e 5] 93 / = -
L_u' . d {;'J | Y Y 103
- S v | W wt 4 0 or
650 . 6501 &1 v -650 650 -
. [30] |
] Phe LOW 4 ) T i I'/
| - - / Vv " Jtows
- : R . L 18 -
X l}_ltl:‘)l\\-_ . - ;
600 : S 600 - EDD 600
O }
ML Semery - SR R e M Semeru .. o :
. ‘ ery . o 750 - 750 750
1507 LE-18° - Lo . . thgt% AL : - LE 29 : . . <Mt Semeru
4 R !:w‘lg ) ‘ ) ) KiENGKONG T - LE-30 LE—31 LE-45  LE-46
] o rse0 . LE-13 ) | c e g__i Ve ] L 29% : . oA : : was oved
Q::J\‘{I\. ' oo —¥ . . LE DI PRI - ~Seul L o Sy I 3500 LE-32 E-33 KLENGEKCLM% i —

B T T N Pl £ O e - : el
— ] T | T ; Y L g ’ 70 ‘\\‘\-J\ 336 ] E & I“i“‘—-_
£ 6}‘:’ . ,‘l N I ) ?w . \\‘*“\_ p‘—-_.__'_‘__ -1e0 [ 1500 -?OOV e v V7%
=7 ‘ : o : & o ; : : == : Sz =
= 001 - . S L 242. . F);*—“-‘ 9 9 |
o ] - ' Yook

= . = ' > 5
> ’ N . W g I
iy - - - ! g2
o e : W W
‘ 5
650 650 &501 4 /
- 5 m‘
] 183 [ /
. . ] 1331
4 | s00 €00
BRI <1+ = - ] -




STION
GKONG FAN

- 150
K LENCKCGHG naTIoNAL |
. ROAD
LE-20 s
LE -21 LE-22 |
950 I 00 205 E
R - , - -100
e ] | "z
T e = | ©
I © j e I,
[HE:] T >
- L W
)
T
™ 5] -850
v
i
2 4
|
./ wv )
- L eon
i
NATIONAL
R0AD -
-25 K LENGKONG
LEZZ6 gepy ! LE2S
130
T 223 1 420 220
a3 e (T
1 30
3 i
s
e - 0
24
2 , ar | B
/ v
,r’ ia
l .
LE-32 i ! ‘
32 LE—33 KLEAGKONG
0 o33 LL-IQ_
IS S 760 .
T P::‘-'::::-A:J_[_ ;! oo
y re =

91 .

u I 20
. e
[ —
N
19 2 8
s .
r:

(NoRTH - S0UTH

CELEVATION tm)

Ny -
! L

NI ~
I
J 3 L ll_ﬁw) |
k.
©oeood
E.
'_-_’50 . ?50 S ML Semem
[« 73! ' 'ILE -45
L g 5 SO X LE-43 LE -44
i R MK Vg i
o A _ - | : _ |
E 8 ] e s n\ P I TEaL
o, 1) . S i B
SO o raz T
i .a f& ] "Of 143 o
> =
T (T .
) | 103
Y] (TR
- . I o1
630 . 6501
Leoo 600-
= '_
Lo ;-
LI50 7501 : . . : .
- ' <-Mt Semerd - 750
LE-45" LE -46 !
I ] was t'l}cﬂd =T CLE-4 -
‘i‘ ] . - REME ’ R
| L . T4 1 R
e % Rl s Sl P -
.7992 : Z_?OO— L 1?5. R l.é_a____ ) H?OOP_.
B . ; . O
: .g E ] e L | _.i& :
. ﬁ . - L e el
1 i ’ i) T ) PR = AT
1650 60 | S IR
E gl (153 T -

D |RECT|0N )

<M Semery

o LES3S

e ';T{_
S Sl s e ANALYZED RESISTIVITY- DEPTH
KLENGKONG B PRI A 11"‘,3“ COLUMN
o : e |
_ AT T e .?‘CALCULATED RESISTIVITY
P N TR 7 VALUEIn m)
E. N Lo S { -
o L B L 1¢a \\ .
100 ST~ CALCULATED BOUNDARY
o T T T e nesstine e oo
b L —~RESISTIVITY LATER BOUNDARY
> . ; Co S
. N AR & 1 I ;’/;pnssuuso BOUNDARY
L w e A - -
= - e ﬂ,Rtsmnvm LAYER BOUNDARY
L 650 _ !,m:,,ﬁ_‘ ;S:/_’ _ ‘ (PﬁesuMPnom .
- ' 3 f.;,a‘w-—-x-ms:snvm VALUE(Q-m)
| S ) ' cpaesumpnom
."-,\ .
‘ : 1 T - n
1L eoo ’
iso CLASSIF!CATH)N OF RESISTIVITY LAYER
i _LAYER 1 35~20000 N-m
- : _Susfote Loyec
. LAYER I : 50 ~600 N—m
L E Lohor Deposits
790 - .
L O, L _
R, CLAYERW : 13~50 i-m
BER : - Hord Weothered Tuff
W 3 (Loam like} :
SR SCALE LAYER W: | ~ 13 -m
-850 . g : { WEOThéf_éd Tulf or . 7
s : ¥ ; Tulf. Brecéio _
- ! [+] = .
: 8" LAYER V: 14~ 300-m
g L& : i Tuft of Clc‘:y Stone
- 3 >R j:gj 2 Lo { -
H 0oL b - X . MU
i ¥ T RORIZONTAL” 5 LAY§9 ViT  >1000 -
o o T 1 HIGH RESISIWITT ZONE
oEo R o ALTERNATION OF ANDESITE
: : S ANG TUFF BRECCIA
: 75° =ML Semem e e r._'f-
S : : WE-48 LE-&Q B E
_ A e wovea T ] LE<50 =
S f e T s Lo~
210& R !50' h?:poz
5 ‘ 1 B
Lo : S -
Lot SR : L g
P i PrS “ 1 =
e 1 e 60
B o S SRR e |
1 o o Flg‘_ 3 4 8 _ :
1. Lo ";;‘ - Results of Electrlc
i e :
) 3 (Norih Soufh) m KOII Lengkong
,;e,o

Te=—POINT NUMBER

Soundlng

Fan

RN NS

N L gy i P Hab i B B e PR N s L e L S T e



ELEVATION (m)

ELEVATION (m)

ELEVATION (m}

g

6590

.750 .

600

750y

_8

i

n

oo

TO0H

wzsr
LE:5

Pm;echen

@en

LE-23

Qlfsei Izom S .

?&n' 1

270

27_311

59¢

0T

i

WEST

Tzécnl

&gy

r 3

Q7

a2

110

LE-29, - LE-

2300
$19%0
513

35

2800

" fT'KALI

ECTION (EAST 'ié WEST DléECTlON)
LENGKONG FAN

'QLE 45

EAST

. LE
“RE -45
was moved

(3

Jes

[~ ]

Tare:

N

93

12353

35

H, Lo

daz

a3

LY R

K. =

83

4z

-48

R E - 48
was moved -

- ——

142 -

.

33

Taowr

39

o k-

1331

750

700

- €00

600

. rr.

ELEVATION (m} -

'ELEVATION (m)

T T

650

6500

- 750

.?m

fese.

ELEVATION (m}
ELEVATION (m)

ELEVATION Tm)
_ELEVATION (m)-

JWEST

s00-

L WEST

|

NATIONAL SATIONAL

o g

24

Q

¥ LENGKIRG

LE-33

. : - : LE-27
LE-9 LE1S: Le-21 | :

R 4200
269 g b

- e

f— " g ———

v | I\
’ 28 . : .

b

111

T RERN

A X NATIGNAL

"ROAD ROAD I ROAD

1E-16. LELE@

LE 22

=

i N e om

e




- WEST DIRECTION )

T R I YO

o I s e
S

Tk i) S g £ e

R TP e e

WEST £AST
- el o n LEGEND
LE-14  LE-207. 0 LE-26  LE-3p LE-38 LE-44 L L
Le8 5N B IR EEE S -
LE-3 s aco PN FE N F o 28 - Le-5 LE- LE-6 = _—-—---—-Pomr NUMBER _
E‘_\G aron o f P = == L " 700 L Be i e ANALYZED RESISTIVITY-DEPTH
30 e s ey e 15000 maé COLUMN
T e . i FARDIEER b 3h N : ‘
e UG 5P . D : ) ..E_ P
I 2T R ' ; o o) 0 - e szo*-‘»\“‘\ CALCULMED nssrsnww
I E 129 l ] A | 3 206l L & VALUE( m)
. b . I~ 178 B
. — i =i ULATED BOUNDARY
' - /’/ T— — L ;}1’ P R ZCALCULATE
' — £50 _ R
e M ; 1 : _RESISTIVITY LAYER
¢ 24 . - 32 aounmmr N
¢ l : 0 | - 21 . .
S & % LA S 1T S SRy - ,:;PRESUMED BOUNBARY
T N I B
wvi 10003 . : : STaai —ﬂssmmw LAYER BOUNDARY
101 ~ i Leoo NESe . “' { PRESUMPTION }
i . S RESISTIVITY VALUE (Gi-m)
g { PRESUMPTION )
i ) _ - e e e e . e s —— e
WESY | > o EAST' S I
R KLENSKOS) ¢ o7 LE-33  1E-39 - .
LE-4 LE-9 ey Q—j:_?_ll T CLASS!FICATION of RES!STIVITY LAYER
4200 LI | 15 o
700 ce q I I [aars ::__; 1o LAYER | . 35~20000 N-m
- e CAAINY - Smm— H_L__‘:t:}_g'__—:‘.”’f:—:: LN £ ‘ﬂ: _ E : Surface Layer
. . 76 ~ . ; .
) 32 40 2R : K R »
: . e 1 : JECI ] 3 - . & LAYERT - $0~600 {1-m
: e Sl S ";'———‘ Tree— — _ e Lohgr Depbsils
[ ) e , —— ] . . | g . . .
. - ] .-
| | e 3 _ . T Hard Weathered Tuff
— o " . . B ‘ {Loam like}
\Y i @ . — | . SRR
w 8 \ N i LAYER W . 1'~13 fi-m .
b . : i Weathered Toff or
i A : A _ Tutf Bréccia
w00, e LAYER V' : i4~ 30 f1-
. ' Tutf otC‘oy Sfon
: , LAYER ¥ . > 1060 fi-m
i HIGH RESISTIVITY Z0NE |
ALTERNATION OF ANCESITE
i _ AND TUFF BRECCIA
S JYEST NATIONAL NATIONAL . WATIONAL EAST - Y
LE-10 FOAD " RaAD ROAD T ROAD ‘
- i i,
- L oL e gy
S T T LE-22 R LE-40
- d : | 229 i E SCALE
700 st L g I 13m0 ' ~700 ™ .:
S P e L |
29 ! o 0 : : 0 b o e
~—— e \lﬂ 20 o [ . B o
T i g e
] sl Homzemm
o H i0 . “Ea0- : .
o s v | F ig-3.4.9
/ __ . s Re3u|ts of Electr:c Soundmg
L~ v w\ i - ( East Wesl ) in Kali LengkOng
Oo} 730 i R . e r’.: i

)
-

TR e T A O TNV L IR







:“Jb 202"

'Layer II is subd1v1ded into. many thin

re91st1v1ty layers by the computed ¢olumns, but

the th1n res1st1vity layers cannot be connected
h:fto each other 1n Layer II.

’iThe reSIstiv1ty values show conSIGerable'
'_.varlatlon from appr0x1mately 60 f:m to 600 fim.
ENevertheless, on the whole, the thickness of
the subdxvzded re31st1vity iayers that show

nore than 300 Qm is relatively thln.j'

"Layer II is absent in the foot of Mt.=

i Kukusanseriti but thlckens from K Lengkong

"toward Mt. Semeru.. In: the east west sectlon
*“ifnearest Mta Semeru, the lower plain of Layer 11

ﬁcannot be found SRR SN o .

(Resxst1v1ty Layer III)

_ Layer III,_overlaln by Layer II, 11es above
.'f Layers Iv,hv and VI.;.h__.“j

7.7 Theﬁoverlaln plaln of Layer III slopes toward
© ME. semeru. with the exception of thé
neighborhood area of. pOlnt LE 11

ff The resistiv1ty value is less than 50 nm, w1th
*ﬁsxthe Tean value of about 20 to 30 nm."5

jf Frdm the reShIts Of’meeSUrement the thickness
'=if o'“Layer III in and ‘arétnd ‘the national road is
EE approx1mately 15 metérds Nevertheless, its
thickness 1n the middle ‘of 'Kali- Lengkong ‘Fan’
R inoreases to 50 meters, beeoming ‘the lowest
s resiStivity 1ayer in the southern seetiOn.
- This As. because ‘the" investiqatién ‘depth of ‘the
measurement is ab0ut = 70 to 80 meters.
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(Resistivity Layer IV)

Layer IV, s1tuated under Layer III, is lxmited .
to the area in and around the f00t of Mt;
Kukusanseriti

';The reSIStiVIty value is'4 to 13 a m.‘ Layer 1w :
"has a tendency to become thln toward K. R '
Lengkong and PronO)lwo Damsite {west) Ie
seems that the maximum thickness is o

approxxmately 50 to 60 meters.'

(R951st1vxty Layer V)

Layer -V is also. llmxted to the area in the foot
of Mt. Kukusanseriti. That is to say, Layer A2
is distribited w1thin the southwest area of
Kelx Lengkong Fan, and underlxes.Layer;IV.

The res1stivity value is about 15 to 30 ﬂ m,
but the thickness cannot be estlmated. Thls is
because in the southwest area of Kali Lengkong '
Fan, Layer V is s1tuated deeper. f.;:_,
{Resistivity Layer Vi)
in Kali Lengkong Fan, exéluding Layér I, Layer
VI has the highest resist1v1ty valués. in excess
of 1, 000 to 6, 000 T m.

In addltion, Layer VI is limited to. the western_'
area of Kali Lengkong - Fan.n That' is to say, at
points LE-1, LE-2, LE-3, LE-6, LE-7 and LE-8
resistivity. values of more: ‘than, 1, 000 Q - are
detected. ~The elevatlon Of the upper plain is f
approxlmately EL. 640 meters. - Vi |
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'—:_;Geologzcal Interpretatlon of Resxstzvity Layers

"J{The following is a brief geological
=;nterpretation of the results of electric
"soﬁndihg in Kali Lengkong Fan,

{Resxstavity Layer 1)

R

or. top 3011 of cultxvated land

_The classxficatlon can be establxshed to
__-compare the re51st1v1ty values. “That 1s to

:.-8ay, ~the hlgh resist1v:ty area Ls younger Lahar
‘ _depo5its. The cultxvated land area has a lower

"resistiv1ty value. A ' e

;.The thlckness of younger Lahar depos1ts is
. about 2 to 5 meters.

(ResistiV1ty Layer II)

Layer II corresponds to relatlvely older Lahar
... deposits. at the:helght of the resistivity value.
* According to'the results of electric sounding,
.+ older’Lahar:deposits looked as if they had been
- '¢epositedemany-timee_oh*the study field.
: Layer II is mostly s1tuated under the ground
'-"_water table. '

(Resistivity Layer III)

. Layer 111 corresponds to the highly weathereed
- zond of Tertiiary bedrock or its dePOSits.-
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. Aceopding. to the speclfic resistivity, Layer
113 haying a loam-llke appearance cOnsists of
aFGillaceoqs 311t3,_' ‘ SRR SR

this layer is 2ltusted under the ground water
tabie; and these-resiétivity'valués‘supportwthe -
_idea that it is an impervious layer. However,
”this point must ba confirmed in the later
investigétlonsg

(Resistivity'layer'ivy o
. Layer IV corresponds to the Tettiaty bedrock
consxsting of tuff and Qlayey mudstone. At the
'height of these reSistivity values, it is
richet in clay minaral than the overlying
resiStivity Layer III. : :

Layer 1? is reqardeé,as an_impetvious.layer.

(ResiStivity Layex V)

Layer V is simllat in pxogerty to the' ovetlying
Layer IV, 'he highest reSlstlthy value is
‘more than that of Layer IV. . Layer V also .
corresponds to the Tertiary bedrqck thought to
be consisted of silt and. qustone. The
resistivity value suvggests that it is an
impervious layer.

(Resistivity Layer VI}

adesite lava vqleanic breqqia. The high
re51stivity values 1ndicate that it is an
1moerv1ous layer.
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'Gesang Consolidation Damsite and Sand Pocket Site in

The above-mentioned 3 sites are located in the uppot
and middle reaohes of K. Mujur.

-fFig.-a 4 10 shows ‘the results of analysis of the 3

sites, Their vertical scale 1is exaggerated t0 5

ttimes the horltontal scale.

"According to the results of electric sounding, tho

resistivity structure along K. Mujut ig divided into

.3 resistivity 1ayers. ‘

"_ Nevertheless, whon comparing each tesistivity layer

'profiling, the' resistivity values show a tendensy to
become IQwer.toward the uppg:_teaqhes of K, Mujur

 with the structure becomlng more complex. .For

example,'resistivity Layer 1t detected in Gesang s

:"absent in Kertosari. The boundary plain of the
'iresiativity layers in the 2 sites of K. Mujur slants
ttoward the downstream.g_‘ :

~;'.;g'_:bisttibgtibn of Résiétiﬁity Layers

in GeSaﬁgt¢0nsqlidatioﬁ'damsité, the
: reéistivity sttueturefis divided into 3 layers,

gLayer T has resistivity values 6f 140 to
1, 000 ﬂlh¢‘ Its thioknGSS 1.5 to 4° meters.

'TLayer_:17hhs”ﬁeatiy a qonstant roesistivity
-valué”(120't0'280 @ m) ranging in thickness
f’from 5.5 to. 18 meters._ Lspecially, the most
_2ﬂ striking feature of this layer is that it is
~ very €nin at GE-7 and GE-8.
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' Layer III 15 subdiv1ded 1nto hlgh and low
ireSLStiv1ty”30nes. The former layer has a
';resistrvity Value between 350 to 580 s}m, whlle

.?the latter haVe 50 ftm and 120 Qm, The low
1re31stiv1ty zone is 11mited to GE- 6 and GE- 7.

__The depth from ground surface to this upper
:“plain is. about ~18- to -21 meLers, but at poxnts

GF 7 and GE-B 1t is about 7 meters.'

7In KlopOSdWLt Sand Pocket Slte, the res1st1v1ty

E'structure is lelded 1nto 3 layers.

jRe31st1vity Layer I has resistzvxty of 80 to
1,120 Om and is about 5 meters in average;._
‘thickness. Especially, Layer I along the right
‘channel has relatlvely lower re51stiv1ty values
'_(80 to 2?0 s]m) and 1s th1cker than that along.
ﬁfthe main channel of K. Mujuc.

'”Resrstivity Layer II has about a 290 to 440$}m

resist1v1ty value.' Resistlvity Layer I1I has

=_about 400 to 710 Szm resist1V1ty value.-

-f'Resist1vit1y Layer 11 has a tendency to become
- thinner toward the dounstream of K MUJDI.

= When comparing resistiv1ty values, .Layer III in
f_Kloposawit is’ belleved to correspond to Layer
& III in Gaéang.g = ' - B

iThe low resistiviLy layers hav1ng the

et

'i*re31stiv1ty values ‘of 1100 to 140 '9m are
‘fihteréalated in resistivity Layer ITI. These

Flayers ate presumed to be" silty, but  the

coﬁtind1ty is indefrnlté as determined fr0m the
résults.-»- %@;f-_ Lo r*
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- In Kertosari Sand Pocket S1te, the res1st1v1ty
structure can be dlvided into 3 layers..

Resrstivxty Layer I has re31st1vity of 230 to
1,340 qm. It 1s 1 to 2 5 meters in thlckness.

xLayer II (200 to 400 ﬂm) cannot be detected 1n
this site. Res:st1v1ty Layers III and IV are

detected in this 31te, however. The b0undary
plaln between them is not distinct.lr
Accordlngly, 1n view of the re51stiv1ty va\ues,'
these two 1ayers can be generally regarded as _
one . layer._ Layer I11 shows 230 to 540 m and

Layer v shows a 530 to 830 {im resxstiv1ty
_value.

This Layer 111 corresponds to the Re31stivity
Layer III in KloposaW1t and Layer III 1n Gesang.

Re513t1v1ty Layer Iv (530 to 830 fim) is not
dlstributed in Gesang and Kloposawlt sites.

Geological Interpretation of Re51stiv1ty Layers

Layer 1 in the upper and middle reaches of K.
Mujur generally corresponds to the riverbed
deposits, |

It consists of sand, graﬁels and boulders.‘ Lts
permeability is very high.

Resistivity Layer 11'cohsist910f'sén@,esiltleho'
grvels, The resgistivity values”are'higher:than
that in Kloposawit in the upper. reaches of the
K. Mujur, and if anything, it is similar to.
that of Layer II in Kali Lengkong Fan, Layer
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-II in’ Gesang corresponds to loose younger Lahar
_ deposits, and the permeab111ty, compared with
other 31tes, is higher.

.Layer 1L 1n Gesang, and Layer IIX 1n
'KIOpOSawit and Kertosar1 all have the same
electric res13t1vity charaoteristics, but the

'sedlmentary envxronment in Gesang is sxmpler
-+ than . in other 2 s1tes. '

It is presumed that resxstivity Layer 11 1n

= Kloposath corresponds to weathered older Lahar

'dep031ts while resrstiv1ty Layer IV in _
Kertosari COrresponds to well compacted older
Lahar”deposits.

'These layers coneist of gravely sand ehd:silt;
dThe low resistivity layer (50 to 140 Qm)'
__detected in Gesang and- Kloposawlt is presumed
3to be rich in s11t._ ' '

_The'reslstiVlty'va1Ue'of older Lahar deposits
(re31st1v1ty Layer III and IV) in K. Mujur and
'.K B Tunggeng is higher than that in K.
Lengkong_Fan. That is, older Lahar dePOSltS in
K. ‘Mojor and K. B. Tunggeng have a more than
200 - Qm res1st1v1ty value. Conversely, greater
-Vpart of older Lahar deposits in K. Lengkong Fan
have a low resxstivrty value of less than 200 0

1 :;m;3 In view ef this fact, the component of
| -.'older Lahar deposits in K. Mujur and K.B.

_ Tunggeng is assumed to be coarser than that 1n
K. Lengk0ng Fan. '
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1. INTRODUCTION |
1.1 ‘ouT;.i_r‘e'e‘ or,-smbr AREA

Mt Semeru, 3 676 m, is 1ocated in East Java, about 100 km
southeast of 5urabaya and about 30 km west of Lumajang. The
studies cover “the’ southeastern piedmont to the south of the e
mountain with an area of about 730 km® IR

Mt. Semetu is one of the most- active volcanoes on the island of
Java, noted for volcanic aot1v1ty, and is a very young strato-
volcano._ The Semeru volcano is found to the south of the
Jambangan complex volcano and has wide well-deVeloped ekirtsj'
stretching ‘toward ‘the southeastern piedmont._ A range of
mountains consisting of Tertiary rocks ‘stands. to the south of
the seémeru volcano, preventing the aouthward development of the
piedmont.j‘: ' ' '

A fofﬁation'ofoOlcénio'Eans“is'seen”in‘the”piedmont'ot’below*-
EL. 1, 500 m; these fans are divided into the upper and lower
fans at BL._?SO - 800 i, The upper fans consist of Nueée
Ardente and lava’ flow or deposits of lahar, while the lower
fans mainly consist of lahar deposits reaching points near BL. -
-'150 m. Flat. land 18 observed outside these fans as if to form
the periphery of ‘the volcano and extends. to the Indonesian
Ocean. The piedmont of the Semeru volcano has been subject to
of debris resultinq from aissection of the volcanic mountain
and eruptions.u. A

Climatoiogicaily;'the'area belongs to the tropical MONS00N
Z20ne, in which the year is divided ‘into dry and rainy seasons;
the warm weather,_further, will enable intensive cultivation of
rice only if a supply of water can be obtained,
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In general, it is difficult to procure water’ 1nsxde the fans,
however, irrigation utilizing water from rlvers and syrings at
the ends of the ladu fans is praetlced and cultivation of rice:
is undertaken over vast stretches of land even during the dry
season within the study area. The Lumajang Plains, the alluvial
fan of the Bondoyudo river, also provide stable ricetpaddiés.

As can be learned, utilnzatlon of the rivets dissecting the .
volcanic piedmont in all dlrections is conducted inside these 3 
volcanic fans; in other words, the outflow of the debris ac-"
companying lahar or Ruee Ardente brings disasters not only to
areas along the river courses but also to a wide expanse of

land.

The favorable relations between the topoqtaphy and the modé of:
land use in the south and southeast of the piedmont can be .=
attributed to the topography facilitating at the procurement of
water., As far as the study area is concerned,_lt may be safety
stated that crops compatible to the area, i.e., topography and
the supply of water, are being cultivated. In other words, the
mailn part of the volcanic cone area generally has trees- 1adu .
fans, plantatlon crops and field crops such as’ sugarcane; 1ahar
fans, rice; volcanic periphery, field crops;. old volcanlc pied-
mont, field crops and coffee; Tertiary mountalns, plantation
crops consisting mainly of coffee; angd alluvial plaln, rxce. .:

Despite such expensive utllization of Iand, a w1de stretCh of _
devastated land i{s left .unattended in areas along the B. Semut
and Rejali rivers; these areas include those ignored after
frequaent disasters brought about by lahar and those unable to
provide water due to the change in the river courses,
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1.2 éURPOSé O? STUDIEs.

 These studies on land use were undertaken with a view to com-
prehendxng the actual conditions of land use ‘inside the study
area (see Fxg.-l 1) and, at the same time, to correcting the
existing land. use maps drawn on the scale of 1/50,000 with.
reference to the present condltlons. The results of these:
studies will serve as basic data to be used for the estimation
of economic effect and for the determination of the effect of
'disasters caused by the outflow of debr is.,

1.3 METHoojOF'STUDIES

Phe studies Wereﬁcatried out through field investigations and

'interpretation of aerial photographs; the flow of work is shown
in Fig.-1.2. The field investigations were performed in August
and September, 1982.‘ '

_m. |
'Inquiries into the changes in land use attributable to
,_disaeters and the present cOnditxons of land use, in ad—

Field Investigation

dition to filed observations, were made using a land use

:study map (see: Table 1, 1) " The number of land use study

points amounted to 139, and the study locations and a 1ist

- of study p01nts are shown in Flg--l 3 and Table-1.2,

- 'respeotlvely.

 Land use. was 1nterpreted according to the aerial photo-
v-graphs taken in July 1981, Since the existing land use

rnterpretation of Aerialiehotographs

'r_map, prepared in 1977, did not clearly indicate the dis-
'__'t1nction between singleand double- harveeting, distinction
-~ was attempted based upon the results of inquiries.

'fFurther, distinction ‘regarding plantation crops and
_forests was also undertaken.
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Preliminary'FieldeﬁIVéy

Preiimindry Aerdfphéto Ekisting,Land Use -

Interpretation Map

: Y : ' ) :
‘"Field Survey = 1. Check the Cropping
A o Pattern

'2)_Hék§'tﬁe ,
| Interpretation Key
Aero-photo Interpretation |

P Yo ..

- g~ =---— Revision of Existing Land

: : . Use Map .

| {1 : 50,000)

: N B Disaster Study
. : ~ Topographical Study
. Analysis of Actual Land

: R el ,

. Economic Bénéfit

Fig. ~ 1.2 Flow of Work



Table - 1.1 ‘Questionnaire for Land Use study No.:
Day/Month/Year Name of surveyox
Name of village
' : Bbwtlon have
Answexd by: M/ F Age Co .9 7
‘ yoy lived here?
What crops did you plant around July, 198%2
Table of crops planted during the past year
wonen | 6 4l 5l al ol 813l el gl sl 5] Conment
n . . omments
. S8 g 2] 2| 8)A12]|8)3]2]4
XKind of crops Before or
after disaster
Irrigétion
conditions
Kind of crops ' Before or -
" after disaster
Irrigation
conditions
Factors preventing 1. HNo water
planting of rice 2. HNot perwmited to use watér ifirom river
3. Could not obtain water
4. Unknown
Factors preventing 1. River course water height :changeable
use of irrigation Co
water 2, Land was too high
3.

wWater soure was too far away

Production of
primary crops
for each ha




Table -~ 1.2 Liste of study Points

: —Location

No.

. Location

Day/Month

v

10/

13/7

"?unggeng k
-Célapah

Sumber Sari

Sumbeér Sari

oo sant
.iSﬁmbér éari
.wsﬂéfénégof
_.Sq@bér'ﬁﬁinr
.ﬂsﬁmger Mﬁjur
benanggal
ké?;é sari
‘k;§£3'35£if_
.ké;té'Safi.

.jxerﬁé Sari
kldﬁbféawit'—.Pancut”
.kiéﬁo Sawit |
‘.ﬁééuk—Tﬁﬁpeng
:é;ﬁgég i..
Jokarto

_Jokartb

’ :l Day/Month

14/7

15/7

17/7

i

Pandan Wangi

Rekesan Xigdul

‘Pandan Wangi

Pandan Hangi

Pandan Wangi
Tempeh Kidul

Tempéh Kiduil

Tempeh Xidul

Teipeh Kidul

Lempeni

Lempeni

Kemamang, Tambahrejo

Hutan Bago

Bango Rekesén.
Bahgo Rekesan
Banéo Rekesan
Tengah Kali Rejali
Bago Rekesan

Bago Rekesan

“Pulo




;ay'/mhth No. l.ocati‘on | I]Day/maont'h' No. mé&égon"
29/7 § | Xebondeli, Sb.wutuh |[11/8 | 1 | candoroso
2 Qb.wuluh 2 .éingi;pAHh%Déﬁureié
3 Paanﬁngloﬁlook Kidulr 3 Danur;jol :
/8 1 | Kamar Kajarig—sp.wuluh 4 oqrido;n_igo_ :
2 | Kebondeli-sb.Wulun 5 .Dandf;zjb;.cc;ndor.\zso
3 | Kebondels 6 Suﬁbe;rejo;_ Gondoroso
4 Sb.wungkalﬂSb.Wuluh. 7 ﬁinginp&jo#,zconaérusé
5 | Xamp Renteng-Sh.Wuluh 8 -éﬁdim;):;fkéiibéﬂd;? '
10/8 H | Jugo Sari : 12/% 1-1 &ééalbénteﬁg—suyeﬁg
2 Juéo Sari i;é' ‘Tééalfejo-Bulufejo
3 Jﬁgo Sa?i-Jugo,Cd.Puro 1-3 ”Teéalreio
4 | Jugo sari-Jugo,Cd.Puro 2 fﬁaren?'i‘émpurs%ri |
5 Jugo Safi~Laharan .3 .ﬁu#orejé
ﬁrang-Ganrung_ 4 iéﬁpu}réjo




Da?/Mont£ . Np; _Lécat}ﬁn pay/Month | ho, Location _
20/8 3 Curah Kobo'an 16/9 1 ‘Bulak _makai_m Japit
| é, Sumbef Wuluh_ _2  hJapiﬁiCandigupo
3 SqmbefIWuluh 3 | Nguerx Pasirian
‘4 ':Curah;kbbofan' 4 | Nguer
.21/3 . t _:sm'ibei'x vrip 5 | Nguer pasirian
2 _Kaﬁéfé{éﬁbit Urang) 6 Komplangaﬁ fasirian'
2?/8 '141 'Ju§atqn ?fdnojlwb ' .7 | Formely Xalikemaron
1-2 _SiGOngiYO Sﬁpe}gadﬁvé" 8 | pasirian.
2 .s_wxb:e:r”-ﬁpwd ' 17/9 1 | capiex
o ':3 .ﬁrﬁnéiiﬁo | 2 Karangah.Ya;—Japit
15/9 - _ _1  Sumberurip 3 } Xarangan Ya%
'é. Sﬁbing;éng 4 | Legongjambe Selokéwar
'3«1 'Gumukéaé Sﬁpitufang 5 _LegOngjambe Seiokawar
'3f2 'Gu@ukés éuﬁitdfang 6 Selok:Ke Bonan
4 éﬁéiéﬁ:ang P;on0jiwo f _ 5 .Lempéﬁi
S': gﬁéitﬁidngg 8: Madurejo
6 | Ki&p@gaﬁﬁti. ] lSemumu.
7-1 Selorejo )(lopo Sawit - 10 | Madurejo
-2 1ggloféjo' | 11 | Semumu
 8;? 13ﬁm§éfrejo-Candipur07  12 | Senurnu Darungah
B2

Sumberrejo Candipuro

_Japit Candipuro -




10

Day/ﬁonfh

pay/Month | No. _deation  No.  ﬁ6¢AEi6n
20/9 A Rérangbendb '23/9 'y Tulﬁﬁérejp‘Paéruﬁahsei
2 Karanganyax Jarit 2 'ﬁastujéﬁbe:Seﬁdufo,
3 Uranggantung-Jarit '3 | pasrujambe Semduro
4 | Bangun sari | 24/9 1 | sumer suxo
5 Bades Purut _ 4 '4sumbe¥ Suko Tempéh;ﬁ.
6-1 | Bagokrajan Kidul’ -" 3 _suﬁber'Suko
6-2 | Bagokrajan Kidul 2 | mojosari-
7 .Bago 5. 'Labanibéﬁruk Lot
| a8 Gesang & | ﬁUtwoéoho
g Pulo 7 'BaYEmﬁm Citro Trunén
10-1 | Sukorejo Tempen Tengah 8 Suko Puxwosono
10-2 | Sukopejote -."
11 Tempeh Lor |
12 Tempeh Lor !
13-1 Besuk Tempeh il
13-2 | Besuk Tempeh
14 Curahjero ﬁabruk
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(3)

(4)
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Forests were classified in relation to the height'of trees
atnd the densrty of tree crowns and 1n terms of naturally
growing and art1fic1ally planted trees. o

Correction of 1/50, 000 EXISting Land Use Map

Correctlons were made to the exlstlng 1/50 000 1and use
maps with reference to the results of aeriai- photo B
interpretation to prepare new land use mMaps.

Compxlatlon of Cropplng Patterns

Based upon the results of ‘the fleld 1nvest19at10ns,
cropping patterns were complled in good order. '
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{5) Changes in Land Use Inside the K. Rejali Fan

‘Changes in land use regarding the K. Rejali fan were
studied with reference to existing topographical maps
_(1923), exlsting land use maps . (1977) and the land use
maps newly prepared during the study (1982).

2. RESULTS OF ‘sTUDIES ON_LAND_USE_
2.1 pRssEnT_éonoiTtonS oﬁ“LANp-usg 

A rough sketoh of land use is shown in Flg.-2 1; in add1tion, a

._reduction of the 1/50 000 land usé map prepared during the study

- is given in Fig.r2 T The present condltions of 1and use inside

the study area as agricultural land are notxceably compatible

- - with the topoqraphy of-. the area. The following are deqcriptiOns
"of the relationshlp between land use and topography. :

,Volcanio Cone

. The area is the volcanlo slopes on Mt. Semeru at EL. 1,500
. m:and abOve. Sections at EL._l 500 - 2,500 m have densely
and naturally growing tall trees, and sections above Bl
2, 500 m: are exposed and bare. The lahar which flowed down
the B.-Sat and B, Tunggeng in May 1981 orlglnated from a

':collapse which had occutred ‘inside this forest belt. .

Ladu Fans

“aThe area is sections at EL. 800-- 1 500 m.' Topogfaphic-
Cally speakxng, ‘the area: consists of that made of an ac-
-'cumulation of lava and that. of ejecta. The area’ of lava
-accumulat1on has shrubs and a forest of tall trees, while
the ladu-fans, where ejecta accumulated, are planted with
field and plantatfon crops. Such field crops mainly
consist of sugarcane and plantation crops, coffee ‘and
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cloves. Furthermore, the ladu fans, present a special
difficulty in obtaining watef,ZOWing to the‘preSenCe of
deep valleys and rivers which flow eroding the fans ‘and
which are the channels for lahar. Sugarcane is found:
mostly on the rlght bank of the B. Kobo an river and
coffee 1s being cultivated near Sumber Mu;ur Village;
cultivation of cloves is practiced on the right bank of
the B. Tuggeng river._ ’ '

Lahar Fans (Steep Slope)

The lahar fans are div1ded 1nto the steep slope fan and
the gentle- siope fan; and depending on the period of their
formation, they are further divided 1nto old and new
fans. A zone of springs, of which Sumber MUJUI village is
typical, exists at the end of 1adu fans.. ‘Due to the
absence of appreoxable supplies of debris and change in
river courses at present, the old fans prov;de stable tice
paddies (double harvesting) through 1rrigation util121ng
these springs. On the other hand, the new fans still
possess uncultivated land, centering around the fan top.
The land is left unattended and the growth of weeds is
conspicuous; such areas of land are extensive especially
in the B, Semut fan and enoompasses most of the steep—
_slope fans, Wasteland also spreads in the K Rejali fan; _‘
~and in the K, Lengkong fan, most thereof is. bare land.
covered with grass, This is also applicable to the top of
the B, Sat fan, Although there are narrowly formed rice _
paddies inside shallow valleys of the wasteland, ‘they are
far from stable due to the lack of water during the dry
season, -

Apart from such wasteland, the area has a distribution of
artificially planted teak and pine forests. Teaks are
seen on the right bank of the B. Semut, and the
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former area of lahar accumulation is now made into a teak
forest. Further, the western end of the B. Semut fan has
a wide expansion of clove fields.

Lahar Fang (Gentle Slope)

Rice paddies are conspicuous in areas at ElL. 250 ~ 150 m.
These areas are subject to disasters with a decreased
frequency and procurement of stable rice paddies is a
-matter of water supply. Although irrigation is being
carriéd out by the utilizion of the rivers and springs,
use of part of land for only fleld crops is inevitable due
to the limited amount of water for irrigation and lack of
facilitles (see Fig.-2. 3). Moreover, the overall lack of
water during the dry season’ necessitates. the planting of
fieid crops cOnsisting mainly of corn and tobacco. '
fCultivatJOn of tobacco is seen over a wide area extending
-'between western Pasilian and the K. Rejali fan.

A wide area of wasteland is also seen in the gentle glope
- fans within the K. Rejali fan (see pig.«z 4). The land is
a result ‘of the frequent disasters in recent years and _
considerable Chanqe in the river courses in the K. Rejali
fan,'which in turn resulted in the absence of stable sup-
:plies of water. A number of wide, dry fields exist in the
_area’ surrounding ‘B. Sat Lama. This is due to the presence
of an’ accumulation of sand and qravel in thick layers
) "*around B, Sat Lama with a poor performance of water
"- _retent1on and also due to the scarcity of water from B.
- sat Lama during ‘the dry season, |

Perlgherg _
"'7§ This is the atea covering the section from EL 150 m to the
rcoastal plains. Although rice paddies ‘can be seen around

the irrigation channels, the area mostly consists of dry
fields. '
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The field crops mainly indlﬁdé'corn, sugarcane, béans and
tobacco, etc. There are sections where the planting of
crops has to be entirely given up during the dry season.
The sections where planting during the’ dry deason’ is
impossible to produce two crops annually and places where-
planting during the dry season is possible to produce .
three or four crops annually in rotatxon. Tt is _ _
inevitable that the pattern of rotatzon has to be adjusted
each year based on the weather condit;qns sznce-planting
is greatly depéndent'én the timing of the rainy seasdn and
the amount of rainfall. A stable supply of water is
highly desirable for this area.

Alluvial Plains'and Coastal Plains _
The area provides stable ficé'péddiés and enables harves-
ting two or three times a year, The Lumajang plains are
especially fertile and the volume of rlce crops ptoduced
there is noticeably high. Dry fields are. seen ‘over the
dunes in the coastal pla1ns and the natural levee of the
Lumajang plains. Further, the alluvial sectlons of Sumber"
Sari are also made into fertxlé rlce paddies.

Piedmont S8lopes of Old Volcanoes

The left bank of the K. Lateng and the western section ofﬁ?=
P:ono;xwo are tablelands and correspond to the Jangbangan _
complex volcano and the Tenggat mountalns. Although deep
valleys develop in the area, the very rlvef courses are ‘f
stable; various ‘modeés of land use can be observed and in
particular, the western ‘section of PronOJiwo, which is
high fn elevation, the left ‘bank of the B, Sat river and
the upper reaches of the Lanteg river are used mainly fof-

the cultivation of coffee. Further, areas where water can sfﬂ.

be obtained from valleys are formed into rice paddies. P
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which ate capable of single- and double-harvesting. Areas
for which procurement of water is difficult are used as
dry fields for the cultivation of sugarcane, cotn and
beans.' Céésavas__are also commonly seen in the west of
Pronojiwo. -

Tertiary Mountaing

The Tertiary mountains between the K. Rejali and K. Glidik
have a wide expanse of forest; the part of the modntains-
between Prdnojiﬁo and Tempur Safi, on the other hand, is
‘used as coffee plantations. The latter has forests only
over steep cliffs along the river course, steep slopes and

~areas with exposed rocks. Some,se¢tions'are'used for the
cdifiVatibh'of_clbves.l Despité its mountainous
topography, the area can be described as relatively
fertile land: ' |
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B -
Table - 2.1 COncaptual Relatlonships of Topography
and Land use
Topography Land use
Main part 2500m and over Bare soil

of volcanic
cahe '

2500m and under

Forest (naturéi}

Ladu Fan

Forest (natural/art1fical),

Dry field (mainly sugarcane),.CLoves, Coffee.
B. Sat Fan Rice paddy (single—'and doubleﬂharvestzng),
_ bry fleld . _ ) "
Lahar st B. Semit fan Wasteland, Artiflcal forest, RLCE paddy (31ngle-
Fan eep . and double harvésting) Dry field, ‘Cloves
Slope K. hejali fan Rlce paddy (doub1e~hatvest1ng), Wasteland
K. Lengkong fan | Wasteland o ' ' ' T
X. poh fan Stable rice paddy (double harvesting),
{oid fan) Tobacco, Corn

Gentle-slope

Rice paddy. (double-harvestlng), half of B. sat

Volcanic perﬁhery

fan, dry field.

Dry field (considerable area of land where
planting duting dry season is not possible)

Alluvial plain

Rice paddy.(double~hatvéstingf'

Tertiary mountains

Forest (natural/art1f1c1a1), Coffee, Cloves,
Cassava

Pronojiwo

Coffee, Dry fielad

01d
volcanic
piedmont

Left bank of

B.
K.

Sat and
Lateng

Coffee, Dry f;eld,
Rice paddy {single- harvesting)
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In agdition to those discussed $0 fat, in terms of land use,

the study area includes agrlcultural communxties, downtown
dgistricts and houses and factories. The dowhtOWH and housxng
dxstrxcts are lirited to Lumajang, Tempe and pasilian; the
downtown district of Lumajang being the largest. ?actorles are f
seen along the national highway betWeeen Lumajang and Tempe.

As for agr1cu1tura1 cowmun1t1es, a danse dlstrxbution is noted
inside the rice paddy zone and there are a few commun1t1es in
the lahar steep-slope fans, where wasteland spreads,
Conversely, there are almost no comnunities inside the B. Semut

fan,

Conceptual relationsﬁips between topography and land use_arei“
shown in Fig.-2.5 and Table~2.1.

2.2 CHANGES IN LAND USE IN K. REJALI FAN

Changés in the use of land which tbok place in the K. Rejall

fan are shown in Table=-2.2, Figs.-2.6, -2.7 and “2.8. Fig.-z 6
and F1g. -2.7 depict the conditions of land use seen around 1923
and 1977, respectively; Fig.-2. 8 are “those of the present, 1981.i

Table-2,2 Change 1h Land Use in K. Rejali Fan _

Around 1923 By existing 1981
1 : Land Use Map :
Steep-slope | Coffee and rubber | Dry field '_ Rice paddy
fan plantations and (fan top) Wasteland along
Forest ' _ Extensive = K Leprak

: riée paddies

Gentle-slope | Coffee and rubber | Dry field and .‘Dty'fléla“aﬁd

fan plantations Rice paddy -limited waste~
Dry field or Extensive rice | land (fan top)
wasteland? paddies [ Extensive tice
Few rice paddies S paddy
Paeriphery Forest and Dyy Dry field and | pDry field
field Forest :

N B ‘ e
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Table~2.2 summarizes the conditions typical of each of these
periods., During the period around 1923, the presence of
forests, coffee and rubber plantations and sugarcane fields 1s
notlceable. It can be assumed that around 1923. the fan was
utilized in a relatively stable manner as plantatlons, whlch
took up wide areas at the top and the bottom of the fan, the
forests, around Gn. Jugo and along the coast.' An increase in"
the occurrence of disasters after the 1940 s can be assumed
from field investlgatlons and exlsting data.' :

At the beginning of 1977, forest land decreased COnsiderably |
and in turn, the land area used as rlce paddxes increasea.‘ Dry
fields are seen only at the fan top and in the south of Gn.
Jugo, and most of the area was used as rlce paddies._ Develop*
ment advanced from about 1923 to 19?7 is clearly notlceable.

The chanqes between 19?7 and 1981 are. characterized by the .
formatLOn of a vast stretch of wasteland along the K. Leprak
due to lahar which hit the area repeatedly in 1978 and 1981.
Furthermore, cultivation of cloves near Sumber Wuluh was
started and there is an increase in the cultivatlon of coffee
over the mountain slopés on the r1ght bank of the K. Leprak.
The teak forest along the coast further decreased in area. ’

The introduction of piantatibns'dan'bézatfributed'to Ehe'widéa_
expanse of undeveloped areas, even thoagh systematic 1and use
was already under way around 1923. This may suggest that j-
sophisticated land use for such undeveloped areas was not .
possible due to the extensive outflow of debris in the past,
(the present Semut fan is one example of such conditions) _
However, the formation of plantations was possible at the same
time, ' L
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Furthermore, the fact that the increase in the area of rice
paddies despite the¢ frequent disasters as exemplified by data
‘for 1977 is a diréct result of active dQevelopment of land for
paddies advaneed'in relation to the increasewin‘pOQulation;
sophistication of 1and use in this area fundamentally calls for
a decrease in disasters ang the prov1sion of a stable water

_supply..t”

As of 1981, areas left uncultivated include those subjected to
disasters brought about by lahar between 1977 and 1981 and
those where 1ahar deposxts, especially boulders, accumulated in
the past and still remaln.. This. suggests that areas where
there isan accumulation of boulders cannot ‘be easily restored
by farmers alone. Sueh examples can be observed at the areas
subjected to the disaster of 1909 (B. Sat fan and also B, Semut
fan) . Not only the presence of boulders but also deposits of
gravel with poor water retentron ‘can also be a factor which
prevents cultivation of the land.

2.3 CROPPING PATTERN

hCropping‘patterns‘hade knotwn during fielé investigations are
shown in Fig.%Z.Q:.?ig,-2.10 gives typical cropping patterns.

_ Eertilefareas_possessing_a stahlehsupply:Of water are used as
‘rice paddies‘and énable harVesting three times in about 14

'__mOnths. Further, 1n areas where the ‘harvesting of rice two

‘times a year is posslble, the growing of rice for a single
harvest requires an appreciable period of time; and therefore,
it does not necessarily mean that the volume harvests are
.smaller than those expected frOm harvesting 2.5 to 3 times a
year. - In some areas, crops such as tobacco and corn are

' planted during the dry season and rice is harvested twice
_during the rainy season; still in some areas the planting of
rice once during the rainy season and field crops twice during
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the dry season are carried out. These variations in the
cropping patterns depend on the manner of rainfall, f.e.
volume, time and period of rainfall.

On the other hand, there are areas whéfe tice plantiné is'imp§s~
sible, These areas include those which allow plahting'of other
crops throughout the vear and those Wthh ‘allow no plant1nq '
during the dry season., Here also, ‘the cropplng patterns vary
depending on the manner of rainfall, i.e., volume, time: and
period of ralnfall. Three harvests ‘of corn annually pIUS other
crops such as tobacco and beans are the general practzce and
cassava is wldely cultlvated.lp the mountain areas. -

The cultlvation of suqarcane, whxch requires a lot of water for
a short per1od of time, is cla551fied into two types; extensive
sugarcane fields in the Ladu ‘fan and intenslve sugarcane fields
in the Lahar fan. on the perzphery and in the COastal p1a1ns
where irrigation facilities are available._ '

Plantation crops mainly consxst of coffee, although an increase
in the area of cultivation for cloveés has been seen in recent
years. ‘Areas may be used only for the-cultivation of coffee or
the mixed cultivation of coffee,'cldves_and bdnanas; '

2.4 LAND USE IN RELATION TO DISASTER

As has been mentioned alreéady, sophist1cat10n of land use 1s
being hindered in the disaster areas. The effect of lahar
disasters on the use of land can be: summarized as follows in
relation to the changes in tOpography.

{1) The procurement of water is unstable owing £0'£he‘CHan9es
in the river bed height and the damage to the 1rrigat10n :
facilitles caused by Lahar, '
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(2) Procurement of water supplies is difficult owing to the
'~ changes in the river courses.

(3) Debris being.sﬁﬁplied cdnéists of coarse particles and the
~land is not suitable for cultivation. .

'(4j  Accumulation of soil cdhsistihg mainly of sand and gravel
in thick layers decreases water retention.

{5) _The presence of vast wasteland in the B. Semut fan can be
:”attributed to, in addition to the above factors, the
':decrease in ‘the flow volume brought about by the decrease

:in the catchment area of the upper reaches caused by. the
chaﬁges in the river courses which occurred during the
lava flow of 1941 and 1942,

Lahar is likely to flow downstream along the old river course
.aﬁﬁ“éébumulaté}’théfefote. thé river course within the lahar .
fan has’ debris appreciable in diameter. This means that rice
pad&zes along ‘the old- river course do not always produce go0d
harvests, as is thé case with alluvial fans in Japan.
Conversely, there are places where cultivation is consxderably
difficult because of boulders. However, there are many
examples where ‘shallow valleys along the old river course and
inside the fan are used as rice paddies, since the procurement
of water ln these areas is easy. As far as the cffects of the
disaster of 1981 On land ‘use is concerned, the areas where
debrls pasSed and accumulated were subjected to the direct
'effects of the disaster. The field investigation of 1982
confirmed that mOst ‘6f these areas were still left unattended.
_'The effects of the disastér were noticed in a wide area in the
*_form of the destruction of water intake facilities and an
"accUmulation of ‘débris insidée channels for frrigation water.

":_In thess_ateasl the absence of water supplies has necessitated

- the convertion of crops from paddy rice to field crops.
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Since the studies under discussion at present fell'Shbrt of
comprehending the extent of effects brought about - by damage to
the irrigation facilities, discussion thereof has to wait unt11
Tater studies are conducted. . However, the presence °f1$9¢h
damage is as mentioned and whén temporary damage is . '
additionally considered, the area should cover a wide. expanse '

of land.
3., SUMMARY

The results of the studies on land use enabled the ..
comprehen31on of the présent land use conditions in the study
area and of the effects of Lahar disasters on_land_use in terms
of their characteristics.

The extensive wasteland and uncultivated land at the top of the
Lahar fans, which is subject to freduent disasters, are nbt;,,
very satisfactory for use as paddY”fields,'although.some”péddy
fields do exist. Despite the passage of 40 years, duréng}whiehv
the Semut fan has been more or less free from disasters, the_:
fan has stilil land”unatténded. This may be fundamentally . -
attyibuted to the lack of water. Furthermbre, the Rejali fan
still remains uncultivated even though’ the land could be used.
as rice paddies. This is closely connected to the-direct_
efféects of disasters. |

As mentioned above, the effect of disasters cleérly:teflecis og'
the type 6f land use and operates as a restricting force to _
nature., Land use sophistication, i.e. the replacement of these
aréas by agricultural land, will require the stabilization of N
river course, stable water procurement and supply, the removal
of boulders which hinder c¢ultivation and the elimination of
soil with poor water retention along with efforts to inCrease
the various disaster prevention functions
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1. CONTENTS OF REPORT

ThiS'report Showé the’investigation results on the river water
use conditions in the areas surrounding the intakes along the
K. Mujur and: K ReJali ‘which run to the south-east of Mt. Semeru.

The purpOSes 05 Ehé investigation are as follows:

{i) 'To'study;the;heiation between the river discharge at the
intake points and the intake rates; based on their res-
: pectiﬁe'deta, and to understand the intake fluctuation
tendencj. '

(ii) To study the actual conditlon of the rivers (channels)
' in the non- irtigated areas in terms of water intake and
conveyance, and to study the main cerops in the areas,
ﬂ including their yields and crOpping patterns., This data
:; wxll prOvide vital informat1on when the effeot of the
- land developnment is to be determined by the calculation
_of its socio- economic effects.

K. Giidik,:one of the major riéere'in the-study area, is omitted
from the study on intake rate. simply because there is no intake
' facility ‘along the river.f' ' ' a
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