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4.2 HYDRAULIC PROPERTIES
4.2.1 - WATER LEVEL IN BOREHOLES .

The term of "watét level in borehole" will be introduced here-
inafter'instead of'groundwater level found in borehole, because
the water level 1n borehole is often changeful during drllling
work, due to the exlstence of dlfferent piezometric pressures.

(1) Water.Lévei'in_Bpreholes dufing Drilling tWorks |
| The driliihb.WOrks exécuted in K. Lengkong basin.are as
shown in Table 4,1 and hydrogeologlcal information obtain-
ed from these drllling works will be denoted in this sec-
'tion. ' '

_Table—4,i: List of Drilling Works

" ”fqacation'zs. : '__. ObquﬁiVe ] Depth | Execution
B-1 | pronojiwo dam site | Geology of dam site | 30m | 1982
,B"Z ‘.'..' . ) | " - 38 Sn
a3 | R g 22 "
B-4 “::K;hLépgkbng fan Groundwater level 10 "
"3751 -   _=_1? Fae - I j; : ~ -
3}6:-_ — » : —— . -5 -
B-8 " " 6 "
B-g . ﬁ::' b o : . 5 " o
£;1o 1 ",L‘- o T . L g s T
;;_ N .-4' _'f, ':“ iCOnfirmatlon of the T _
: B~11 : S -; BRI 1base of groundwater 60 1983
1 : L ' L basin . :

%Notét Locatlon of dr1111ng points is given i" Fiq.'4 1.
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B-1 Hole

- The water level in B-1 hole had a strange behavior

with:the progress of drilling depth, as shown in

- Fig.-4.,2, From the depth 0 to -18 m, water level
. in borehole was stable at -0.4 m, but water level
. abruptly dropped to about -14 m when the depth

approachéd to.%l& m, ,This.low'water level continu-:
ed while drilling from the depth -18 to ~24'm; At
the depth deeper than -24 m, water level began to
recover and finally stabilized at -5.5 m. This
_va?iaéjoh'of water level will signify ah‘ekiétence
bfnlﬁwthydraulic_p0teh£ia1.1aYer in porous tuff
brecoia. -

"B-E  hole

Dase

Oeplh LOG Lu-%lue‘ : g s L
\ ’»IO,‘%Ol%Il %2J %3( yz«’u %5[ q/ZG, %?a 8’éBL

{
0 m) ‘,00 —— - .
]| \\ /
S AL S : : C . '
, L\
v A L : : . R .
o K / N Drilling Depth
i £ 2 71 Nt - - Dri
0. . %ﬁ /d ” Ny . | | \ .r.:lting ep
:“f/ a8l o N o _ . | \ Groundwater
[(.“, (] 3.3 . S \\\~\ - . Table
e ‘Q"éi e )
@ "’v‘fg' : N . , ]_c’ig] Sand & Gravels
i 6 !8 ‘ _\\ o L ' -
-t oi/ 80§ _ ‘\\ _ ' Andesita Lava
” v o . . BN - : © Voleanic Breccia

Fig- 4.2  Voriation of Woter Levelin B- 1 Hole



ii)

iii)

iv)

v)

¢ - 70

B-2 Hole

Water level in B-2 hole was found in'oiderfLéhar

deposits and was stable at about -12 m during dril-
ling work. Lugecon test was carried out in andesite
at -31.5 to -35 m, a large value of 25 Lu was ob-

‘tained. As older Lahar deposits are very compact,

water-veins might run through this layer.

B-3 Hole

Wwater level in B-3 hole was found in andesite and
was stable at about -11 m during drilling work.
Lugeon test was carried out in fresh andesite at a
depth of ~18 to -22 m; 2.5 Lu was obtained.

B~-4 Hole

B~4 hole was drilled on the riverbed of K. Lengkong;
the prospective sabo dam site of Tumpak Nanas.
While drilling, wheh a éteélfcasingIWasfinsefted

to -5.5 n, water sprang out at‘tha discharge of

about 50'liter/min. This artesian condition was
observed up to the bottom; -10 m.,'Aftef the com--
plotion of borehole, water level was stablllzed at
0,3 to 0.5 above the river water level _
This indicates an existence of 1ayer or waternvelns
with high hydraulic potential. '

B-5 Hole

Water level in B-5 holé.was’fqund in older Lahar
deposits at the depth of =4.0 m at the time of com~
pletion,
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B-6. Hole

Watex level in B-6 hole was'fouhd'in oldéfgLahar

“deposits at the depth of -4.8 m at the time of

completion.

B-7 Hole

Water level in B-7 hole was found in paddy clay.at
the depth of -4.6 m at the time of completion.

:B 8 Hole

Water level in B-8 hole was found in younger Lahax

“-.dep051ts at the depth of -3.0 m at the time of com-

ix)

x)

xi) -

pletion.

B-9 Hole
.!ﬁ@ter level in B-9 hole was found in younger Lahar.
 deposits at the depth of -1.3 m at the time of com-
" pletion.

B- 10 Hole

Water level in B—lO hole was found in paddy clay
at the depth of -1.5 m at the time of completion.

.B-11 Hole

Water level in B-11 hole had a strange. behavior

with the. progress of drllling depth as shown in
'qu-“4‘3. Fréom the depth 0 to -27.7 m, water level

in bOfehéle was found at -1,3 to -1,7 m, but water

‘level aerptly drOpped to about -6.5 m durlng the
dr1111ng of 27 7 m to 31 .5 1m in depth. L
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At the depth depper than -45 m, water level slightly re-

COVered and Stab].llZed at -5.5 m.
This 1ndlcates an exlstence of low hydraullc potentlal

layer in o_lder Lahar deposits.

B~ hote

Depth ‘ Doie
(m) L 8 . ' %50
0 og 'qli' {3 | é ) . 1 % l%? 11 l%?l 1 I%J_[ 1 .
e B _ LEGEND
s 53 B \ R Sl :
10 ] % - — G Drilling Depth
7 N , R
gy ki \ o Groundwater
20 gz ‘\ ' — ' ' : : \ “Level in the Hde
. Y \ . R : .
30 -Fd ™ , . Young Lohar Deposits
P \\- »2v] {loose sand giavels )
40 —p== . S * Qider Laohar: Deposits
% ~ (Compalted sond qravels}
50 —— \""\" o =] Sendy Clay
\ '~'u ‘Tertiary Basement
60 1 A (hordly Weathered taff )

{2)

Fig- 4.3  Voriation of Water Levelin 8-11 Hole

Obsexrvation of Water Level in Borehole

In order to clarify the seasonal varlatlon of water level
in borehole, water 1evel at’ each borehole {B-1 to BnlO)

is being carrled out every two month, in charge of Mt.
Semeru Project Offlce. : : : '
Observation results are giVen in Table 4 2, but sufficient
regsults to interpretate these seasonail variation did not
obtain, due to destruction of boreholes.
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4.2.2 GROUNDWATER LEVEL AT EXISTING WELLS

The additionaligroundwaﬁer'lével;measﬁrement of existing wells
in K. Lengkong basin aims to have.a-mére detail infoérmation .
which permitS'tb establish a gfoundwaﬁer level contour map.

The measurement at ex1st1ng wells was carried out on the 22 to
26 October 1983, using portable water level gauge.

As add1t10na1 ‘wells selected for groundwater level measuremeént
in short period belong to shallow dug well A tentative. ground~‘
water level contour map given in. Flg. -4.4 represents groundn
water table of the shallow aquxfer. Some remarks related to
the groundwater table in K. Lengkong basin will be given as
follows;

- At the slope of Mt. Semeru near 800 m. in elevatiOn,_many
sprihgs are found and groundwater level at well seems to
be shallower from the grouhd suxface than that of the
vicinity} the:groundWatér levelffends tolgo_remarkably‘
deeper when the elevation gets higher, on the contraff,
the groundwater level tends to go Sllqhtly deeper when
the elevation gets lower.

- The drainage system of K. Lengkong seems to strongly
affect to the groundwater level counter map; groundwater
from Mt. Semeru and Tertiary mountains flows into K.
Lengkong., . ' |
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4.2.3 PERMEABILITY OF S_URE‘ACE LAYERS '

The in-situ tests, such as the in-31tu permeabxlity test, field
density test and soil test, were executed on the ground surface.‘
These results are given in Table-4.3 and summarized as follows:

(1) Younger Lahar Deposits |
The obtained values of. pérmeabiiity coefficient, 1 to 5
cm/sec., seems to be a small flgure for sand/graVel layer.

Thls may be due to the fact that pores between coarse
grainsg are COnsiderably_fllled with fine partlcles.

{2) wWeatherxed Layex of Tuff (Loam Like)
The permeability Qoefficieht Of weathered tuff is abdut
1 x 1072 ¢cm/sec,, a remarkably large figure for the gfﬁin
composition (40 to 50% of silt and c¢lay). This is due to
the fact that voigd ratio is remarkably large at 3.1 to
4.7 and fabric of soil is very porous.

(3) Paddy Clay

This olay abounds in very fine grains: 58% silt and 19%
clay with the permeability coefficient low at X = § x 10“5'
ci/seaq., o
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4,3 DELINEATION OF GROUNDWATER SYSTEM

4.3.1 HYDROGEOLOGICAL EVALUATION OF LAYERS

{1) HydrbgeoiogicallPropettieéﬁof'Layers

: SQquehCe'of Strata related to K, Lengkong basin is given
in Table-4.4 and its hydrogeologlcal propert1es will be

summarlzed here.

Table-4.4 Seqﬁence of Strata related to K. Lengkong'Basin

Layer

Components

Age _ _ _
Quarternary Riverbed deposits Presently moving sand and
Period ' ' gravels along river
_coufse. '
Younger Lahar Loose sand éthgravelé
deposits S S '
Pyroclastic VOlcanic products
deposits directly issued from the
crater, stationary :
Andesite laéa. ‘Andesite lava
older Lahar Well compacted sand and
_ deposits gravels X
Tertiacy  Tuff Sbft‘EUff,'tuffiéious-
Period sandstone and tuﬁf

Alternation of
Andesite/Tuff

: Breccia

brecctia. .
with thick weathered

.1ayer._

= Alternatiqn of hard,

compact andesite and
comparatively soft and

. porous tuff.breccia
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- Alternation of Andesite/Tuff Brecoia

The existénce of alternation of andesite/tuff
breccia in K. Lengkong Fan is estimated by electric

sounding, found at around -60 to -80 m in depth.

This layer becomes shallower toward west, finally
being exposed on the riverbed of K. Lengkong near
Pronojiwo Damsite.- Toward=east; this-distributicn
goes deeper.

‘The deep fresh part can be considered to be inmper-

meable, but some very porous zones may exist in
tuff breccia. ' ' '

Tuff

Tuff layer distributed at the foot of the Tertiary.
rnountains, and plateau-like hlll,-located west of
the K. Lengkong fan, are composed of this layer.
Also Ehey-are exposed at two spots in K. Lengkong:
Eee; '$hie layer overlies the alternation of andes~
ite/teff_precoia; its_thickness_islgreatly'varied

”and is partly nissing while the thickness reaches

as much as over 80 m on other parts.

Weathered surface part of this layer, very similar
to lcam, contains much silt and clay, but has high
permeabillty due to soil fabric and pipe like water-
veins of which dlameter 1s generally. 1 to 3 cm. On

" the- other hand this weathered part, overlaid by

1ii)

"other layers with' enough thlckness, will become
fcompact and be regarded as aquitard ox aqulclude.

Older Lahar Deposits

401der Lahar deposxts are composed of accumulation

of very irregular tongue shaped.stratum. These_
strata may consist of various layers from silty to

very coarse. Autobrecciated lava, coarse and loose
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Lahar or pyroclastic deposits, etc. are assumed to
be ihtercalatéd in older Lahar deposits..

Paddy Clay

_ Coverlng the older Lahar dep031ts, the dxstrlbution

of paddy clay is limited to western part of K. &
Lengkong Fan. The-maximum: thickness of paddy - clay
is about 3 m. This paddy clay layer wiil be ex-
ported to act as aquitard.

Younger Lahar Deposits

Younger Lahar deposits dlstrlbuted over K. Lengkong
Fan were derived from Lahar of 1977 and 1978 and
consist of silt, sand and gravels of low compactlon.
The maximum thickness of the layer is 4 to 5 m.

Pyroclastic Deposits

‘Pyroclastic deposits consist of very 1003e volecanic
‘ash, volcanic¢ sand, pumlce, lapili, angular boulders,

etc. These deposits are distributed over the area
over 800 m in elevation, ' |

Andesite Lava

Andesiie lava'is distfibufed in the northwést df
Sumberbopang village in a strip about 2 Km in width,
about 6 km in length and 20 to 30 m in thickness.
Inside of this lava is_very hard and compact, hut
interstices are developéd in the'sutfacé and bottom
parts. Many springs are fOund at the lower tip of
this lava and groundwaterx ' is supposed to’ flow down
through interstitial zone at ‘the bottom of lava.
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{(2) Hydrogeological Classification of Layers

Saturated bed, formation, or group of formation can be
‘classified into three categories; aquifer, aquitard and
aquiclﬂde._ From .the viewpoint of groundwater resources,
only aquifer has a: sufficient quantity in yield. Aquitard
‘ang aquic1udé yield inappreciable quantity of water com-
pared to aqu1fer.; o |
From the hydrogeologlcal propertles of layérs, a tentative
hydrogeqlog;cal‘cla531flcation,is given in Table-4.5.

Table-4.5 Tentative Hydrogeological Classification of Layers

Categories| - Permeability -~ Layers

- Andesite Lava. _
L ‘ - : - Pyroclastic Deposits
Agquifer | . Middle to High. - Younger Lahar

‘ (K 2 10-4 cm/sec.) ,__UePOSits
' B - Porous Zones in Older
Lahar Deposits

- Paddy Clay

- Compact Older Lahar
_ Deposits.

Aquitard Low - Exposed Weathered

(10-0 <K < 10-4 cm/sec.) Tuff
T T ~ Some: Parts of Alter»
nation of Andesite/
- Puff Breccia

- Tuff

Aquiclude  Very Low ~ Fresh Parts of Alter-
- (K < 107% em/sec.) nation of Andesite/

_Tuff Breccia
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4,3,2 GROUNDWATER BASIN STRUCTURE

(1)

(2)

GeolOgicél'Structure

K, Lengkbhg Fan was fdrmed byﬁdeposits‘of volcanic pro-

ducts from Semeru volcano over the ancient mountains of
- Tertiary system. Thé'baée Tertiary formations may have

small faults, but large faults which would substantially
affect the groundwater movemeﬁt are considered non-eXist-
ent, taking account of the surrounding topography and
geological structure. Also in the Tertiary formations,
the bedding plane is roughly horizontal although there is
local undulation,

Bottom of Groundwater Basin

By the execution of drilling B-~11l hole, core sampled at

55 to 60 m in depth shows enough impermeability as bottom -

of groundwater basin and are corresponding to the surface

layer of highly weathered tuff of Tertiary system.

On the other hand, the surface layer of old volcanic pro-
ducts from Jambangan Volcanic Complex is assumed to be a
thick layer of laterite rich in clay, due to a strong

‘tropical weathering.

Therefore, the bottom 0f-gr¢undwater-ba91n will be com-
poééd of: i) the surface 1aYer'of highly weatheer tuff
of Tertiary system and 1i) the surface layer of-highly
weathered old volcanio prdducté from Jambahgéh‘V01canic
Conplex. ' .
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Lateral Boundaries of Groundwater Basin

Lateral boundaries of groundwater basin caw bé gonerally
configured by eithér watershed or groundwater divide,
The area encircled by lateral boundaries represents a
catchment area of groundwater. With regard to the K.
Lengkong groundwater basin, the southern boundary is
recognized as the watershed of tertiary mountains, and
the others. are roughly estimated by two radial lines of
which center is the top of Mt. Semeru as shown in Fig.-
4.5. The eastern boundary corresponds to the groundwater
divide between K. Lengkong basin and that of K., Regali.

The western boundary
is not clearly
defihed at present
stage, but can Mt . Semery
be set, taking '
account;of-thé

hydrogeological = . Y A
conditions of _ _ . e 74 \ %
the project site B ki %0'4,
on K.-LengkOng._ _ \\ %é

\%
/ s

F-.-a" .
({: K. Lengkong .

H,O‘ \‘:I\. "‘B/ X 0\(\,

o
"’edof Tertioty A

Fig.~-4.5 Rough Sketch of K. Lengkong
Groundwater Basin
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4.3.3 GROUNDWATER FLOW REGIMES

(1) Grouhdwéter Flow Regimes through Volcanig Prdducts,
volcanic products of Mt, Semeru’ including older Léhar-
deposits aré deposited largely in parallel with the slope
of the present ground surface. Older Lahar deposits is
considered to be main body of K. Lengkong groundwater
basin., ' ' : B

Hydrogeological factors playing major roles on the ground-
-water flow are; i) water-vein system composed of auto= -
brecciated lava, very loose and coarse Lahar or Pyroclas-
tic deposits, etc. and ii) several aquitard beds formed
by the tropical weathering.

From the field reconnaissance, the typical flow fégimes
through water-veins are recognized the following two’
types; flow regime through andesite interstices and flow
regime through old ¢hannel (subsurfage'flow). These flow
.regimes are'schemaﬁically given in Fig.-4.6.

{0) Andesite

{b} OId chonnel

Flg-4.6  Typlcal Groundwoler Flow Reglimes
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Groundwater Flow Reg1me thlough Tertiary Formation

On the foot of the Tertiary mountalns, many plpes, of
whxch_dlameter varies 1 to 3 cm, can be observed in the.
weathered sptfaCe layer. These existence of pipes may
play the'major role of the underground flows.

In the: Térﬁiaryzmoﬁntéin area,'vegetation is very rich
and the thlckness ‘of weathered layel at the surface is

'generally thick. The important portlon of ralhfall water

pefcolated-ihto-the weathered layer will be lost by evapo-
transpiration, so that the portion of groundﬂaﬁer rechafge
in Tertiary mountaih‘area'will be not signifieant'ﬁith
regard'toEthe groundwater recharge in Mt. Semeru area.

Sprxng Dlstrlbution at near 800 m in Elevation

Sprlngs are malnly found in the v1oln1ty of contour line
800 nm, correSponalng to the inflection point of slope.
Assumed . that the’ plezometric surface is hearly paraliel
with ‘the ground surfaCe, dlscontxnuity of underground
flow appears at thlS 1nf1ect10n point. Furthermore, the

_permeablllty of the upper part is estimated to be hlgher
than that ‘of the lower. Consequently, groundwater Lable
' approachs to the surface and sometimes springs out.
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4.3.4 GROUNDWATER MOVEMENT AND STORAGE CONDITION

(1) Groundwater Movement .

Groundwater movement in K. Lengkong ba31n can be summariz=-
ed as follows; ' '

-~ As natura11cthectioﬁ_pheﬁOména_due to the_heat_
source of Mt. Semeru-are not observed up to the_pfef
sent, groundwater movement in shallow underground
is almost governed by the wéter-vein system.,

- Groundwater flow througﬁ shallow volcanic products
is quantitatively'governed by water-vein system
developed in the stratified structuré of Mt. Semeru.
Flow directions are rOughly estimated to be radial:
from the top of Mt. Semeru and are nearly similar

ﬁto_the estimated iiﬁes.by the potential théory.

- Grdundwatef flow thréugh the'shallow'layers of
Tertlary mountains. is quantltatively greater than
that of deepers. From the results of field recon—-
nalssance, ‘these layers have a plpe network system.
Flow directlon will be 31milar to the max1mum slope
line.

- From the macroscopic viewppiht,'groundwater move-
ment can be discussed with the application of
Darcy s law and are roughly estimated as shown in
Fig.~4 7.

- Groundwater movement by water-vein system is com~
patible with the hydro-chemical results. Water
quality of high velocity flow has less amount of
dissolved solids than that of low Velocity'flow.
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(2) Groundwater Storage Condition

Groundwater storage condltlon of K. Lengkong ba51n ¢an be
summarized as follows,

- Main body of aqulfer con51st a number of dlscontlnu—
ous layers and its hydrogeologlcal structure and
propertxes areé greatly varied. A vast dlstrlbution
of thlck sand and gravel layer are not recognlzed '
up to. the present. The storage condition in older

- Lahar deposits will con51st mainly of groundwater
in water-vein system and that of its surrouhdlngs.i
As the quantlty of: the former is less than the later
one, the groundwater storage amount wlll be roughly
- eéstimated from the: multlpllcatlon of the VOlume of
aquifer and the effective porosity of the later.

4'Gr0undwater'flows'in'K. Lengkohg basin are strongly
1nfluenced with the water-vein system and 1ts velo-
city will be particularly hlgher than that of esti-
mation, derxvad from Darcy' s law. Underground water
novement between the water—vein system and its sur—
roundlngs is estxmated to be re01procal, including
some parts of unsaturatéd zone.

- In shallow water-Vans, the response to ra1nfa11 ‘is
generally gquick and thOSe water are almOSt renewed
by the rainfall of each’ year.

- As ‘the plezometrlc pressure of deep layer is lower t
than that of . shallow one, such.as the observation
results of water level in borehole (B L and B—ll), -
leakage phenomena may be exlst.-
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4.4 PANORAMA FOR GROUNDWATER DEVELOPMENT
4.4.1 GENERAL ASPECTS

as the conclusion of hydroqeoloqical study, we will diéouss_
‘about the prospect of groundwater development in K. Lengkonq
groundwater basin.. ' _

Hydrogeologlcal characteristics can be summarized as follows-

- Grouhdhater movement is governed by water-vein .
system and its main channels will be thought to run
in parallel with K. Lengkong.

- These main channels of the water-vein system is ex-
pected.to have a sufficient groundwater recharge
area and these discharges will be appreciabie,in
quantity for a constant water supply.

f:Expebted depth of main channels will be shallower
than the groundwater ba31n boundary such .as the un-
conformity plane between older Lahar deposxts and
Tertiary formations, '

- Water quality'of water- vein system nay represent
' some seasonal variation, but it will be expected to
. be sultable for agricultural purpose.

" The future study themes on the groundwater development in K.
Lengkong are recognlzed as follows:

- To find out the most epproériate'solution of con- .
" nection facilities between the main channels and
the water conveyance facilities.

- To assure. the compatibility with the erosion con-
 trol works. -



c - 90

4,4.2 PROSPECTIVE PROJECT SITE

Electric sounding executed in K, Lehgkonngan”shows an exist- -
enée of long narrow.ridge of Tertiary'formations of which the
weathered surface layer is thought to be impermeable layer and.
is fdentified as groundwater basin."The existence of this
ridge is confirmated with-the drilling work B-11. |

This ridge, situated in the vicinity of Tumpak Nanas sabo dam
site,'extends from south to north and is partially:exposed to
the ground suxface, as shown in Fig.-4.8. This impermeable
ridge is considered to form a'natural underground dam and main
subsurface channels of water-vein system are expected to run
the lower part of this ridge.

Furthermore, a diversion channel work from K. Rejali to'K;_

Lengkong is being under consideration and the hinterland of
Tumpak Nanas sabo dan will contribute to the augmentation of
groundwater recharge amount by these construttion of debris
control facilities. ' '

On the other hand, this site is éd#antageOus:to'the distance
of water conveyance, compared with Pronojiwo dam site.

Finally, it will be concluded that Tumpak Nanas sabo dam site
has the most feasible site as groundwater development.
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4.4.3 RESULTS OF DRILLING WORK B-11 .

The driiiing work B-11 was carried out by Mt. Semeru Projeqt
office in 1983 and its results are given as follows:

i)

ii)

Location and Elevation

Location - !
Elevation 1

Core Description-

0 to -0,50 m :

-0.50 to ~3,85 m

LE-lSi(Blectric‘Sounding Point
- in K. Lengkong Fan)
EL, 715.621 m ' '

Black silty sand containing some*
gravels and many organlc subv'
stances.

Light gray EO‘bréwn, 10059;'

- gravelly sand with’ silt (ash)

~-3.85 to ""8.0 m. :3

-8.0 to -10.3 m 4

~10.3 to ~12.1 m 1

-12.1 to -13,05 mi

'Younger Lahar deposxts

Gray, relatxvely hard, sand and '

gravels, partly cemented
core recovery is pOOr.
Older Lahar depos;ts

BraWn; moderately:stxff élay

_wlth some coakse sand._
,Older Lahar deposits

Andesite boulders, betwéén -11. 2:,

to ~11,70" [ brown silty sand is
intercalated._

'Older Lahar déposits

Brown, hard, silty sand with

‘fine gravels._ n
‘Older Lahar dep¢aits .



~13,05 to -16,55 ny

~16,55 to ~17.0.m

-17,0

"'20.0

~21.5

-25.5

~27.7

to

to

to

to

“to

to

~20.0

-21.5

~-25.5

27,7

-29,2

~29,7

ol

m.

n

m

[
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Gray, hard, silty sand with

fine gravels.
Older Lahar deposits

Gray to grayish brown, stiff,
silty to clay sand with fine
gravels. Older Lahar deposits

Gray, hard, silty sand with

. fine gravels. Between -17.35

to 17.60 n andesite gravels are

- sampled. Oider'Lahaf=depdsits

Yellowish brown to brown, stiff,

sandy silt.
Older Lahar deposits

Gray to brownish gray, hard,
silty sand with fine gravels.
Between -24,0 to ~24.5 m andes-
ite gravels is sampled.

' “Older Lahar deposits

‘Brownish gray, stiff, sandy

silt with fine gravels. Between
~26.0 to -26.35 m andesite

gravels are rich.
‘Older Lahar deposits

Gray, partly brown, hargd,
gravelly sand with silt,
Gravel rich.

" 0lder Lahar deposits

Brown, stiff, sandy silt with
some gravels.
Older Lahar deposits



"'29t7

-32,0

. =32.5

-33,2

-33.,5

-38.5

~-39.0

~41,0

to

to

to

to

to

to

to

to

"32 |0

-33,2

-33.5

-38.5

-39.0

""41-0

~55,2
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1]

n

-

Dark gray; hard, silty sand with
pany gravels., '
Older Lahar deposits

Brown, stiff, sandy silt with féw
gravels. Older Lahar deposits

Dark gray; hard, 311ty sand with -
fine gravels, :
Older Lahar ‘deposits

Brown, stiff, sandy silt with few
gravels, Older Lahar deposits

Gray, hard, silty sand with fine
gravels. Around -36.2 n andes-
ite gravel of $8 cm is contained.
Older Lahaxr dep031ts | '

Brown, stiff sandy silt with a

few fine gravels.
Older Lahar deposits

Gtay to brown, hard, silty sand
with fine gravels.
older Lahar deposits

Black, hard, coarse sand with
gravels. Betwéen ~48.0 to -48.5
m gravels are very rich. Between

+54,0 to ~54.5 m only cuttlng

materials are sanmpled,
older Lahar,deposits
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-55,2 to -60.0 m : Black, weak, cohesive silty

' clay. This layer is presumed
to be hardly weathered surface
layer of tuff of Tertiary system,

Wwater Level in Borchole

Please refer to Section 4.2.1(1) Water Level in
Borehole.

Géolbgiéal'Profiles

Geélogical profiles crossihg the point of B:1l are
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4.4.4 RECOMMENDATIONS

Hydrogeological study results carried out under the technical
cooperation between the Government of Indonesia and JICA will

be contributed to the future study on Groundwater Development;
especially, Tumpak Nanas is expected to have the nost advantage-
ous hydrogeological features, '

As groundwater is one of the continuous water movement in
hydrological cyéle caused by the solar radiation energy, the .
necessity of the more detail data collection related to hydro-
logical watér balance is well known and these parameters are
as follows}

~ Rainfall amount

-~ Actual areal evaporation or evapotranspiration
amount _

- Runoff amount including flood amount

- Groundwater flow amount

On the other hand, it will be necessary to obtain more detail
information on the hydrogeological properties related to the
water-vein system and the Tertiary ridge in the vicinity of
Tumpak Nanas sabo dam-site.

In order to obtain necessary data in sufficient accuracy, we
recommend that the Government of Indonesia will take into
consideration;

- Continuqus data collection and its data arrangement
" - Construction of one climalotogical station in K.
' Lengkong_for actual areal evaporation

- Hydrogeological investigation of Tumpak Nanas;
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Drilling works {2 3 holes ; ¢ = 8 10 inches)
Geological logging

Pumping test

Lugeon test

Grout test. :
 Mecasurement of water level in borehole by auto-
matic water level gauge
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APPENDIX C-1

Well Inventory
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WELL INVENTORY CARD

WELL Mo. 1 : TEMPEH KIDUL I

113°10'39,90" E.
8°13'03,86" S,
72,284 meter

Location: X
' Y
Z

e 4s

Well Type: Shallow dug well with
handpump

Well Depth: 7.70 m, Bottom : 7.80 m

‘Owner's Name ; Pak Riyangkin

Tempeh Kidul Village Office,
BALAI DESA, TEMPEH KIDUL

Address i

LCCATION MAP

‘BASA & =~
g

views Terpery Kipy. 1_68)

PIEZOMETRIC OBSERVATION

Observation Period:

WELL SKETCH -

RecorbER :
From - 16 Feb. 82 To : : Purip
1 H ‘
Observation Condition: Grou G :‘3
. ] .
~ Installation of Equipment : Good ! H “\L &
-~ Land Condition : Town area 7 <3
- Water Level Check : Executed ScALE: /50 :
. —7
Variation Characteristic: ' Froor
- High S.W.L. GL. - 5,40 m {16 Feb. 82)
~ Low S.W.L. GL. ~ 9.60 m (23 Nov. 82)] . 1.
- Correlation with Rainfall : Yes ° . 1.
- | |Recorbe N
5
- o~
WATER USE . .
O Drinking ' '
O pomestic ’ A
Irrigation
No Use e
WATER QUALITY
Date pH T (°C) -| DO (ppm) |EC (8 /fcm)[Turb. (ppm)
3 May 83 5.4 28.0 2.5 - 500 5
4 Jul, 83 6.5 27,5 1.3 460 2.
5 Sep, 83 4.5 28.0 4.7 380 0
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WELL INVENTORY CARD

WELL Neo. 2.: TEMPER KIDUL II

LOCATION MAP

Location: X : 113°10'35,20" E,
’ Y 1 8°13'16,29" s,
2 3 67,948 meter

©'Well Type: -Shallow dug well with pulley

Well Depth: 6.75 o, Bottom : 16,60 m

P. Dul Pangkat °

Owner’s Name ;

‘Address ;  RUMAH PAX DUL PANGKAT,

" KAMPUNG POLISI NGEBRUK,
© DESA TEMPEH KIDUL,TEMPEH

é "WF.L‘L:

Terrer Koo B

i

PIEZOMETRIC OBSERVATION
Observation Period:
From 16 Féb, 82 . To
Observation Condifion:
—TInétallétion of Equipment : Good
- Land Cb_ﬁ_&ition t

; To.ﬁn area
- Water.Level Check i Executed

Variation Characteristic:

- High S.M.L. GL. - 5.32 m (25 May 82)
~'Low . 8M.L. GL. = 7.68 m (16 Nov. 82)

-566rrelatibh witﬁsﬁaiﬁfall'{ Yes

WELL SKETCH
' _ b RecopoER

— o
%
War B RIS
: 1_- . b1}
1huotr ol

H 1

wnren_use
o Drinking
O Domestic
':Irrigatioﬁ:
No Use

“FLookr Bas0

WATER QUALITY

pate | pr . | . T (°c) | po (ppm) |EC (8 /cm}|Turb. (ppm)
3May 83 | 7.0 | 20.0 2.5 | so0 6

4 ou.83 | s.8 | 27.4 1.9 | 400 2

5 sep. 83 BN 30.0 4 | 380 1
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WELL I‘WENTORY ‘CARD

WELL No. 3

KERTOSART I

: 113°04'40,94" E.
:  8°08'15,12" S.
3 410,092 meter

Location: X
Y
Z

Well Type: Shallow dug well with pulley

Well Depth: 3,30 m, Botton: 4 m

Owner'’s Name ; Pak Prio -

Address ; TEMPAT PAK PRIYO,

DESA KERTOSARI, SENDURO

BALAL DESA -
KERTOSART <~ |

LOCATION MAP

PIEZOMETRIC OBSERVATION

ObservatiOn Period:

-

From 13 Feb, 82 7o Q'
Observation Condition: _RecoepEe -] -
- Installation of Equipment : Good L /. LS . o
- Land Condition : Paddy fieid — Fioor %l, 1
. T FTTITT 7777?77
-~ Water Level Check :_Executed B . T
Variation Characteristic:
- High 8.W.L. GL. - 2,00 m (22 Feb, 82)
- Low S.W.L. GL, - 3.55m {14 De¢, 82)
- Correlation with Rainfall : Not evident R
: due to irvigation water Ny
_ ' N
WATER USE
O Drinking
O Domestic -
) . . A
Irrygation
| No Use B
WATER QUALITY
Date _pH T (°¢) | ‘00 (ppm) |EC (U /em)|Turb. (ppm)
25 Nov. 82 6,5 25.6 s 210 8
5 Jan, 83 6.7 25,5 4,7 180, 2
3 May 83 71 |2e,2 5,0 280 i
49ul, 83 | 6,4 25,0’ 1.5 280 3
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WELL INVENTORY CARD

WEL_L ‘No. 4 : KERTOSARI 11 | ~ LOCATION WMAP

Location: X t 113°04'35,19" K

S ¥, -8°08'17,10% 8,

- ‘ ;7‘2.';"_ 1.14 808 metey
Wwell T:ype; Shallow dug well with pulley
Wéll”Depth:S;lSuhy?Bottom':ﬂlm

Owner’s Name. ; Hajl Nur

Address ; YEMPAT PAK HAJI NUR.

WelL: KervosAaRT I
' DESA_KERTOSARY, SENDURQ -

PIEZOMETRIC OBSERVATION M 1 WELL SHETCH

Observation Per'i.od: ' T
From 27 Feb. 82 To g;_ | | o
OBse’tQatipn Cond_zit:ion: _ ‘L COWE_
- Installe;tion 6f'.E.qixipme_nt ¢ Good , Co g
- Land Conditilon i f Paddy field Fioor , L

- Water Level Cﬁeck_' : Executed

vVariation Characteristic:
~ High S.W.L. . GL. - 2,27 o (25 Oct. 83)
- Low S.M.L. GL. - 4.06 n ( 5 Apr. 83)
- Correlation with Rainfall : Not evident
due to irrigation water

men ; us E

W

Drlnklng
'DOmestlc

: ..Irrlgatlon 3 : /: 7 : 7 ‘:
No Use : Lo : . . .

RecorpeR

WATER *~ QUALITY

:  ”fﬁ9t¢f;; - pﬁ:'?  T (°C) | DO (ppm) |EC (5 /cm) | Turb. (ppm)
25 Nov. 82 | 6.0 | 25,0 7.0 | 200 8
‘s'daﬁ;*éd""j( 6.5 | 26.5 3.9 240 s
3 May 33: ' "?gé | oes.r 5.0 300 2
4 gul, 83 | 6.3 | 2408 | 1.6 300 | e
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WELYL INVENTORY CARD

WELL 'No’. 5 : SUMBER MUJUR 1

Location: X 1t

R 8°08'19,2
¢

Well Type: Shallow dug well

: in the house

Well Depthv '1.20 m, Bottom

'P. Suroso

113°01'05,60" E,

3" s,

677,057 netey

with pulley

1 2.25 m

Owner’s Name ;

TEMPAT PAK SUROSO

]

Address ;
: DESA SUMBER KUJUR,
CANDIPURO

LOCATION MAP

Observation Period:

From 28 Feb. 82 7o

Observation Condition:
- Installation of Fquipment

- Land Condition '

- Water. Level Check ¢
from Feb. 82

- I}igh S,W.L. GLy - 0,90
'-'Law S,W.L. GL. -~ 2,13 m
- Correlation with Rainfall

P EZOMETHIC OBSERVAT| ON

t Good

Paddy field

Executed

to Feb. 83

Variation Characteristics .

(1 Feb 83)
(30 Nov. 83)
H Not evident

WATER USE
Drinking
O Domestic
Irrigatioﬁ
No Use

ECORDER

i/

WATER QUALITY

S ——

Date pH

'T_{;c)r‘

DO (ppm)

EC (y /em)

[ lﬁec. 82

12 I §

00

Tucb. (ppm)

10 Jan. 83

23.3

f 3.8

120

11
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 WELL INVENTORY

CARD

WELL No. 6 : SUMBER MUJUR I1I

Location: X 3 ‘113501'03,10" E,
Y & -8°08'09,53" s
21 688,72, meter

Well Type: Shallow dug well

‘Well Depth:

Ownér's Name ;
TEMPAT PAK SULASTRI,

DESA SUMBER WUJUR,
CANDIPURO

Address H

LOCATION MAP

PIEZOMETRIC OBSERVATION
Observation Périb&s

From 3 Mar. 82 To . 23 Sep. 82

~ Observation Condition:

- Installation of Equipment : Guide ptpe
. was strongly inclised,

~ Land Condition .t 'Paddy field :

- Observation interrupted from 23 Sep. 82

Varxatlon Characteristlc:

- Clogging of well wall was observed and.
water colour changed to white.

- S.W.L. of this well was estimated to
have no connectidén with its surréundings

' WATER USE
Drinking
bomestic

_ Irrigation

O No Use

WELL SKETCH

WATER QUALITY

- Date pH 7. ¢°C) -

- DO (ﬁpm)

EC (U /cm)

Turb.(ppm)‘

222.é

2.5

'ZSHAUQ, 82 6.6
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WELL INVENTORY CARD

LOCATION MAP

WELL No. 7 1 CURAH KOBO'AN I
Location: X : 113°00'19,50" E

Y ¢ 8°10'20,55" S.

Z @ 751,711 meter

Well Type: Shallow dug well with pulley

Wwell Pepth: 17,93 n, Bottom : 18.10 m

Owner's Name ; Pak Mujd

PAK_KAMPUNG,
CURAH KOBO'AN, _
DESA SUPLTURANG, PRONOJIWO

Address

" CARAH KOBOAN
' V[LLAGE

PIEZOMETRIC- OBSERVATION
Observation Period:

From 11 Feb, 82 To

Observation Condition:

Good

Upstream of the _

Curah Cobo'an Valley

-~ WYater Level Check t Continuously .
executed from Feb, 82 to Aug, 82

- Installation of Equipment
- Land Conditien :

Variation Characteristic:

- High S.W,L.

- Low S.,W.L.

- Correlatfon with Rainfall ': An impor=
tant fall of S.W.L. observed -
after raluny seagon

GL. ~ 12.89 m (18 Mar, 82)
GL. = 17.93 & (26 Oct, B2} .

;%
<
o ]
Recoroer h

—H, —x

) st
T GROUND SURFACE ¢ 3
o Y / £ - m%&'__'-_)]£_
o Pl ]

WATER USE
O Drinking
O Domestic

Irrigation

No Use

WATER QUALITY

i;ﬁmmEEE?";%ﬁ “gﬁi T (°C) ;DO-(ﬁﬁa) EGTIUt/cmj TﬁrbL(Ppm)
6 pec. 82 | 6.9 24,5 6.8 150 2

10Jan. 83 | 6.8 23.7 6.7 100 3
4 May 83 6.9 235 '__5._6 2‘00‘_ . 6 _ :,

_5Jul. 83 6,5 23,2 2.5 220 T
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 WELL INVENTORY CARD

WELL No. 8 + CURAH KOBO'AN I1

:+ 113°00'28,50" E
+ 8°10'12,83" S
H . 741,607 meter

Location:

SR

Well'Typé: Shallow dug_'iae:ll

'Well Depth:8.40 m, Bottom : 8.52 m

. Owner'’s Name ; Pak  Lawl

Address ; TEMPAT PAK LAWI,
CURAH KOBO'AN,
DESA SUPITURANG PRONOJIWO

LOCATION MAP

Whlfmaﬂkbtﬁﬁjﬁ

PIEZOME_TRIC; OBSERVATION
Observation Period:
From ° 11 Feb., 82 To
Observation Condition:
- Installation of Equipment : Good
- Land Condition : Upstream of the Curah
Kobo an Valley'

- Hater Levei Check Continuously
- executed from Feb 82 to Aug. 82

Varlatlon Characterlstlc°

- High 5. W L. GL. - 4 38 m (& Mar. 82)

- Low S.W.L. GL. - 8.40'nm (2 Nov. 82) -

- Correlation with Rainfall An important]
fall of S.W.L, cobserved
aftér rainy season

WELL SKETCRH

BavBoo
Frame

ﬁmo’s?

h

125

57 |,

WATER USE
o Drlnklng

ODom_estlc ' ¢
Irrigation
No Use
WATER QUALITY
.=Date;};a;J.f}“pﬁ f;.-?; Tf(?éjt: 3DO (ppm) EC { Ufcmi Turb, {ppm}
6 Dec. 82 | 6.6 | <25.4 5.9 120 5
10 Jan., 83 | 6.9 24,3 4 9 50 2
aMay 83 | 7.4 23,7 5.0 140 6
5 Jul, 83 . 7.0 | 26,3 3.3 120 3
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*'WELL INVENTORY CARD

WELL No. 9

SUMBER WULUH I

113°oz'27,70"\2.
8°11'05 15" s
428 055 meter

Location:

o3 g g

Well Type: Shallow dug uell with pulley

Well Depth: 10.30 s, Bog;om-g 10.50 n .

Owner’s Name ; P, Lasman

TEMPAT PAK ASTRO,
DESA SUMBER WULUH,
CANDIPURO

Address :

LOCATION MAP

PIEZOMETRIC OBSERVATION

Observation Period: .
From 10 Feb. 82 7o

ObsérQation Condition:

Gdod‘

Upstream of fan area

-~ Installation of Equipment H
- Land Condition t

~ Water Level Check 3 Continuously :
executed from Feb., 82 to July 82

Variation Characteristic:

~ High S.W.L. CL. - 7.50 m (18 Mar, 82)

~ Dried eut in dry season

WATER USE
bDrinking
bomestic
Irrigation
No Use

- WELL SKETCH

RecorpEr .
Wale _ "
. : !
Fuw 1 }ﬁ
— H | T /J
AP 7Pl e r Pl PPl i s ////
CNarer Bk

WATER QUALITY

- - —_——

Turb. (ppm) |

" Date Py T (°¢) | DO (ppm) [EC (% /cm)
6 Jul. 83 7.1 25.2 2.7 240 5
8 sep. 83 | 6,3 25,9 4.4 240 A
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WELL INVENTORY CARD

WELL No. 10=:.SUM_BER WULUH 1I LOCATION MAP

: 113°02'04 40" B,
£ 8°11704,33" s.
t - 428,301 meter

Location:

oy v

Well Type: Shallow dug well with pulley

" Well Depth:10.30 m, Bottom : 10,50 m

Owner’s Name } P, Untung SUH&_ER.WLLUH]I

'Address ; TEMPAT PAK UNTUNG,

DESA SUMBER WULUH, ' ' <
CANDIPURO | N .
PIEZOMETRIC oasv.nv.mom : . - WELL SKETCH
. [ 1 [— 14
Observatlon Perlod. f ‘ [V}
From 1 Mar. 82_5T‘o . 1
| ‘Pemcn N N
observation Condltlon._ ' _BathRoott. Ih?l - | GROUND
¥ Surrack
- Installation of Equipment : Good ) A el - SR
= Land Condition : Upstteam of fan atea |___}. NS
: : . ‘_mﬂlrkl T7PTTI? TV PIFITFIIT7 %7”775“_
- Water Level Check : _Continuously g e e :
executed from Mar., 82 to Jul 82 AR Rooid '.’. .
Varlation Chaxacterlstlc. '9_ _ v
- High S.H.L. GL, -~ 7.23 m (3 Mar. 82) A/ v
- Dried out in dry season ',
WATEH USE o
 Dr1nk1ng . ' | -
-ﬂDomestlc ' _ : ..
Irrigation IR " » :
No Use ' ' '
WATER QUALITY
~.vate.i . .|, pu . | T (%c). | DO (ppm) |EC (8 /cm)|Turb. (ppm)
5May 83 | 6.8 | 26.4 | 3.5 220 8
6 gul. 83 | 6.5 | 25.9 2.4 240 5
'8 Sep. 83 6.1 | 25.5 | 4.8 180 1
. ; | o
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WELL INVENTORY CARD

WELL No. 11 ¢

SELOK AWAR-AWAR

" Well Depth: 16.50 m,

Location: X : 113°08'50,20" E
) Y &+ . 8°14'36,77" S
4 68,502 meter .

Well Type: Shallow dug well with pulley

Bottom : 16.60 m

Oownex'’'s Name ; P, Edy

Address ; Selok Awar’ Village Office
BALAT DESA SELOK AWAR-

AWAR, PASIRIAN

MBATAN

KEJE
w—rr |- PANCHING

LOCATION -MAP
SKETSA LOKASI

-----

____

-------

PYEZOMETRIC OBSERVATION

WELL SKETCH _

. . ] j(
Observation Period: \ O
From 11 Feb. 82 'To - S
S Recopper —~ N
Observation Condition: BaTH Roon ﬁ
- Installation of Equipment s Transfer T m__ - —X
at new place on Jan. 83 | hak > o
Y Hoosz 3
- Land Condition s Periphery of fan - i I pn
- Water Level Check : Executed . - ‘
. . : . fi » OONCEETE Cover
Variation Characteristicy i 078 . ' )
- High S.W.L. GL. - 14.23 m ( 1 Apr. 82)| [ 1
- Low S.W.L. GL, - 16,50 m (23.Sep. 82) =E»ATH!200¢1./ |
- Correlation of Rainfall : Yes ! o
- -- /N
WATER USE ! B
Drinkin A
g 1H —Recorpee
bomestic 4 FLoop
Irrigation Y LS5
No Use W-;'w .
WATER QUALITY’
- pate pH T {°C) | Do (ppm) |EC (¥ /em)|Turb. (ppm)
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- WELL INVENTORY CARD

WELL .I\Io.- 12 ¢ TUMPENG

Location: X
Y i L '

_ . %:: 256,869 meter

'Well_‘ Type: Shallow dug well with pulley

" Well Dopth:5:30 m,  Bottom ¢ 5.70 m

Gwner's Name ; Pak Hartond

Address ; TUMPENG,. CANDIPURO

. LOCATION MAP

PIEZOMETRIC OBSERVATION
Observation Period:
From 29 Jun. 82 7o

Observation Condition:
- Installation of Equipment : Good
- Land Condition i Paddy field

- - Water Level Check : Continuously - "~
éexecuted from Nov, 82 to Jun. 83

Variation Characteristic: o

- #igh S.W.L. GL, - 2.10' m (10 ¥eb, 83)
- Low $.W.L. L. ='5.10 m { 3 Dec. 82)
- Correlation with Rainfall : Yes

WATER USE
O Drinking
0 DomeStié

"H - WELL SKETCH "
a——f 1 TF
% Bunmpm_ e? o
’ 3
RECORDER . 1 - '

q gﬁ“ﬁ%?g -

1 Fooe P
-

-~

o FLOR g, -

J ‘ b
Irrigation T
‘No Use — T
WATER QUALITY
2k ”}Date.-?j‘f.aé_pﬂ f s:T1(°b}f ﬁDO’(pﬁm) EC ( s?cm) Turb, (ppm} |
S 25 Nov. 82 | w67, | 22,60 | 3.6 410 8
' 5 Jan. 83 6.9 28.5 6.5 300 4
4 gul., 83 | 6.4 27.3! 1.3 400 5
5 Sep. 83 6.2 28,0 5,2 260 1
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- 'WELL INVENTORY CARD

WELL No. 13, u'RANC'-GANTUHs 1

—

: 113°04'45,79" E,
t  8°13'09,02" s,
: 206,098 meter

Location:

I

Well Type: Shallow dug well without

: well wall ‘
Well Depth:3.65 m, Bottom ¢ 4 m

JARIT

LOCATION MAP

Were (Ve Ganung I

Owner’s Name ; Pak Mardi
c o §

Address ¢ URANG GANTUNG, JARIT 8

‘ : . B
PIEZOMETRIC OBSERVATION
Observation Period:

From 18 Jul. 82 To

Observation Condition: -

- Installation of Equipment :

- Land Conditdion : Fan area

- Water Level Check Pértiélly executed

from Aug. 82 to Dec. 82
Variation Characteristic:

- High S.W.L. GL. - 2.12 m (9 Aug, 82)

- Dried out in dry season

WALl

i o

'WELL SKETCH. - !

r““},EkcoeoEE.

WATER USE
O Drinking
O bomestic
O Irrigation

No Use

WATER QUALITY

Date . pH

— (5c}11"

Turi) . (ppm_): ;

10 Jan,

83 29,3

EC (8 Jem)
30

9

6.0
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WELL INVENTORY CARD

WELL No. 14 : URANG CANTUNG 1T }

113°04146,99" E,
8°13'18,06" 8.
206,228 meter

Location: - X :
Y or
2 :
Well Type: Shallow dug well without
- well wall

Well Depth: 3.00 m, - Bottom :3.20 m

Owner's Name ; Pak Mar'd'i

Address 3 URANG GANTUNG, JARIT

 JARTT ==~

- LOCATION MAP

PIEZOMETRIC OBSERVATION
Observation Period:
From 25 Jun. 82 1o

Observation Condition: _
- Installation of Equipment ::Good
-~ %and Condition ¢ Fan area '

~ Hater Level Check Executed from

_ Sep. 82 ,

Varlatlon Characterlstlc-
" - High $.W.L. GL. - 2,10 m (1 Jun. 83)
-I:Ow SHL. GL.'3?0N(9NOV¢ 82)

- Correlation with Rainfall & Prébable -
with time lag of about 3 weeks

o

 WELL SKEYCH i

QQBDEZ

WATER US E
Drlnklng
pomestic -
Irrigation
No Use

. Bamaoo Fence

WATER _QUALITY

‘DO (ppn)

Turb, (Pﬁm)

 Date . EC { &/cm)
6 Jul. 83 6.7 |. 26.6 7.0, - 400, 4
8 Sep. 83 6.4 27.7 - 400 1

1.8
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WELL INVENTORY CARD -

i SUMBER.URIP K_RAJAN

WELL No. 15
Location: X : 112°58'30, 24"
Y B°12'15 72" 8
A 760,805 meter

Welli "I‘ype:. Shallow dug'_we_ll : '

i:'?ell lﬁépth’:O.QS m, 'Bot;tc}m _2. 1.65 n

Haji Abdul Mukti

Owner'’s Name ;

SUMBER URIP

Address ;

@o “e

Om

§m

LOCATION . MAP

'ﬁ To SumeeR Ump €L ararAN)

<; e K SAN /

M»wn—:"r

SUHBE? 1BER (R P

L) Fm’,ﬁ'gg',;,;.'

]

PIEZOMETRIC OBSERVATION
‘Observation Period:

From 25 Jun, 82 7o
Observatlon Condxtlon.

- Installation of Equipment ¢ Good
— Land Condition : Paddy field

- Water Level Check Exeeuted

- Variation Characteristic:

- High s._'w‘.t..
- Low S,W.L.

GL. - 0, 55 m (26 May 83)
GL. - 1,40 m ( 3 Dec. 82)
- Correlation with Rainfall : No; evident

WATER USE
O Drinking
O Pomestic
Irrigation
No Use

WELL  SKETCH

AN NN LN AR VN ANN

J

LA L LAY LA AN NANAN AN

WATER QUALITY

Date., pH . : T'1°C)i.  ﬁ0 (pbm)j'EC‘(U‘?qm) Tdtb.]ppmli
4 pec. 82 6.1 *24.‘0f 2,0 260 ._:2"ﬁ |
8 Jan. 83 L 6.4:. =24.1§ ;41.7§. _3001 _ 100
6 May 83 6.5 23.3 2.8 280 2
7 Jul. 83 6.5‘5_ 22,1 1,3, 240 3
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WELL INVENTORY CARD

WELL No. 16 : REKESAN

LOCATION MAP

112°58'39,07" B

Location: X :
o ¥ 1 8%12'34,08" S,
2 206,228 meter

Well Type: .Shallow dug well

WellkDepth:.$.60 m, Bottom ! 3.80 m

Owner’s Name ; P. Aébih

Address ; REKESAN, SUMBER URIP

PIEZOMETRIC . OBSERVATION
Observation Period:

From 25'an. 82 To :'
Observation Conditibh¥1'

~ Instéllatibﬁ of "Eé;:01ﬁﬁén't ¢ Good
': ,— Land Condition : ~ Paddy fleld

- Water Level Check 1 Executed

Varlatlon Characterlstlc-
- High S.W. L. : GL.. ~1.26 n (11 Feb., 83)
- Low 8. W L. 4GL. -4, 20 m (10 Dec. 82)

- Correlation \'nith Rainfall ¢ Influence .

due to:dirripation water
WATER USE
0 Drinking '
O Domestic
Irrigation
No Use-

1
I H
LR
],' | i GrROUND
et TSURFACE
o= ' : S
VL2 ELLL L LLLL LSS
2
... R 4
. e . 7
‘U e ©
wse ¥
. - 9
7
“
a;
4
v
(
4l

-
.

WATER QUALITY

_.: D§t¢;f:_:a€ﬂﬁ pﬂﬁ';'::? T (°C) . DO (ppm) EC {i}/0m) Turb. (ppm)
g gan. 83 | . 6.1 | .24.6 4.9 100 9
6 May 83 6.8 24,1 l;aj.é" 260 1
7':7_Jh1: §3L e |23 5.0 260 3
7 gep. 83 | 6.8 23,2 2.0 220 5
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WELL INVENTORY CARD

WELL Mo. 17 : TUPAR NANAS

Location: X : 112°05'. 54" E,
Y :  8°12'55,74" s.
2 : 696,759 meter

Well Type:. Shallow dug well with pulley
wéll Depth: 3,45 n, Bottom =.6.2? n

 Owner’s Name ; Pak Danun -

Address ; TUMPAK NANAS, SUMBER URIP

LOCATION MAP

PIEZOMETRIC OBSERVATION
Obéervation Period:

i%‘rom 25 Jun. 82 7o
Observation'Conditiohz

- Installation of Equipment :. Good

- Land Condition i Foot .o_f_ the Tértiary :
~ Mountains

- Water Level Check : Executed
Variation Characteristic:

- Low S.W,L. GL. - 3.52 m (13 Aug. 82)
- Correlation of Rainfall : Probable

% Illﬂ‘

ZME_LL SKETCH

WavEr Box

7T

oot Frats

AL

31800 FENCE

- WATER USE
(o} Drinking'
0 Domestic
 Irrigation
No Use

WALER Box .

WATER QUALITY

. Date B pH N o (Oc) L

Turb, (ppm)

DO {ppm) |EC (8 /cm)

26 Nov. 82 | 6,6 | 27,1 12,1 200 4
8 Jan' 83. 6‘2 . 2696 204 180 5
sy oo | sa | e | as | me | 4
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APPENDIX C-2

Measurement Results of
Simplified Water Quality Test
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Table Measurement Results of Simplified Water Quality Test
No. Location Date pH T Do | . Ee | Turb,
1. | K. Lengkong(up.st) 26 Nov 82 6.5 30 12,1 | 140 15.2
2. | ore-oro Ombo A 26 Nov 82 | 6.3 | 30 12.1 7| 100 | 2.4
3. | Oxo-oro Ombo B 26 Nov 82 | 6.5 | 30 121 | 51| 15.2
4. | Oro-oro Owbo C 26 Nov 82 “1.4 28.4 7.4 | 230 13
5. | Nanas 26 Nov 82 6.6 27.1 12,1 | 200 | 14
6, | Ranas spA { 26 Nov 82| 6.5 | 30 12,1 | 180 | 14.4
7. | K.Lengkong(Damsite} 23 Nov 82 8.3 | 23.1 “1.7 | 260 2.5
8. B. Kembar {Damsite) 23 Hov 82 7.9 27.8 8,2 275 4.01
9. | B. Bang (Damsite) 23 Nov 82 7.9 28 8.2 280 6
10. | Nanas sp.B 2 Dec 82 6.8 24,6 2.7 220 8.7
11, | Rekesan 4 Dec 82 SR - - - -
12, | Sumber Urip Krajan 4 Dec 82 6.1 24 2 260 2
13, | Sp. Kembar 4 Dec 82 1.6 24 12,7 | 230 0.6
14, Sp. Raharan 6 Dec 82 7.5 22.7 6.6 120 2
15, | Oro-ore Ombo D 6 pec 82 - - - - -
16. Sp. Kamar A 6 Dec 82 6.8 22.5 7.3 70 0.6
17. | Curah Kobo'an 1 6 pec 82 6.9 24,5 6.8 | 150 } 2
18. | K.Besuk Kobo'an 6 Yec 82 C- - - - -
19, | Curah Kobo'an 11 6 Dec 82 6.6 | 25.4 5.9 | 120 0.5
20, B. Semut 6 Dec 82 7.2 26 7.3 | 120 9
21. | K. Pancing (up) 6 pec 82 7.9 25,2 9.6 | 180 { 0.2
22, K. Mujur {up) 6 Dec 8§2 6.5 29.9 12.1 100 0.1
23, | S.U. Mujur I : 6 Dec 82 6.4 23.1 12.1 100 {9
24, B. Sat (Kertosari) 6 bec 82 7.5 30.2 4.7 250 2
25. | Kertosari 1I 25 Nov 82 6.0 | 25 7.0 | 200 8
26. | Kertosari 1 25 Nov 82 |- 6.5 25.6 7.5 210 8
27. Sp. Gesang 25 Yov 82 - - - - -
28, | K. Mujur {(Gesang) 25 Noy 82 8.1 31.4 “7.30) 340 40,8
29. | Gesang Streem 25 Nov 82 | 6.7 28.2 1 3.5 320 1.1
30. | Kedung Wringin 25 Nov 82 6.6 2725 | 2.3.1 3% 8
31, | Kali Putih 25 Nov 82 6.9 26.3 1.2 400 4.8
32. | Tumpeng 25 Noy 82 6.7 27,6 3.6 | 410 | 8
33. | Umbul Sari (Pulo) 25 Nov 82 5.6 28.5 2,4 | 380 8.5
34. | B, Wuluh II 25 Nov 82 - - - - -
35. 8B, Wuluh I 25 Nov 82 - - - - -
36, | SB. Wuluh (sp) 29 Nov 82 5.4 26.8 5.9 140 ?
37, | Urang Gatung 11 6 Dec 82 - - - o -
38, | K. Leprak (Jugosari) 6 Dec 82 6.2 31.1 8.1 280 3.2
39, | Tempeh Kidul I 29 Nov 82 - _— =" = -
40, Tempeh Kidul 11 29 Nov 82 - - - - -
41. | Borehole B -1 23 Nov 82 6.5 | 29.6 4,5 | 250 2
42, ) Borehole B - 2 26 Nov 82 6,1 |} 28 - 4.8 | 560 9.4
43. | Borehole B -3 23 Nov 82 6.6 26.1 1.6 220 4,06
44, | Borehole B - § 2 Dec §2 6.6 25.4° 0.6 150 1
45, | Borehole B - 5 2 peec 82} - - - - -
46, | Borehole B - 6 4 Dec 82 - - - |- -
47, | Borehole B - 7 - 2 Dec 82 7.0 | 20.1 0.6 - 33.1
48. | Borehole B - 8 2 Dec 82 } 7.1 ) 27.6 | 0,5 - 15
49. | Borehole B - 9 2 Dec 82 7.1 26.6 2.4 - 4.1
50. | Borehole 8 - 10 2 pec 82 | 6.8 27.8 0.6 - 0
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No. . Location & . ‘Date pH T Do Ec Turb.
1. | K. Lengkong(up.st) . 8 Jan 83 6.1 24,6 4.3 120 i0
2. ] Oro-oxo Ombo A . 8Jan 83 | 5.9 | 24,6 | 1.2 | 100 |- 2
3. | Oro-oro Ombo B - § Jan 83| 5.8 | 24 3.5 80 { s
4, '] O¥o-6ro Ombo C . 8 Jan 83 7.3 ] 26.4 6.5 200 1
5 |Nanas - . | 8Jan 83 '} 6.2 | 26.6 2.4 | 180 5
6. | Nanas sp.A . § Jan 83 6.0 | 28 2,7 1 130 2
7. | K.Lengkong (Damsite) 6 Jan 83 | 8.0 | 25.2 7.5 | 180 2.2
8. | B. Kembar (Damsite) - § Jan 83 7.6 23.9 7.4 260. | 2
9. | B, Bang . (Damsite):| 6 Jan 83 7.9 | 22.9 ¢ .. 6.7 620 6

10, |Nanas sp.B | 6 Jan 83 6.8 24.9 7.5 200 |5

114 Rekesan Lo 8 Jan 83 6.1 24,6 4.9 100 . 9

12, | Sumber Urip Krajan 8 Jan 83 6.4 24,1 . L7 | . 300 10

13, | Sp. Kembar : 8 Jan 83 7.3 27.3 5.1 300 |- 3

14, | Sp. Raharan 8 Jan 83 6.7 21.5 4.7 300 6

15, | oro-6ro Ombo D e : - - - - -

16." | Sp. Kamar A 1 8 Jan 83 6.6 20 7.2 | 40 | 8

17. Curah Kebo'an I : 10 Jan 83 6.8 23.7 L6, T 160§ - 3

18. | K.Besuk Kobo*an ~ . | 10 Jan 83 - 7.8 1 26.6 1.5 340 [: 5

19. | Curah Kobo'an IL - 10 Jan 83 | 6.9 24.3 . 4.8 50 .2

20, B, Semut. ;. . ] 10 Jan 83 7.8 26,6 7.5 .| 340 5

21. { K. Pancing (up) - . | 10 Jan 83 7.3 | 231 6.2 280 {1

22, | K. Mujur (up) . | 10 Jan 83 7.4 23.7 7.7 320 8

23, S.U. Mujur-x- = | 10 Jan 83 7.2 23.3 3.8 120 -} 11

24, | B. Sat (Keértesari) .| 10 Jan 83 7.9 28.1 7.6 | 400 ‘9

25, | Kertosari II' | 5Jan 83 | 6.5 | 26.5 3.9 240 .1 .75

26, | Kertosar{ 'I. = 5 Jan 83- | 6.7 25,5 4.7 180 ‘2

27. | Sp. Gesang - ‘ 5 Jan 83 - - - 1 - -

28. | Ki Mujur (Gesang) 5 Jan 83§ 6.9 | 28.5 6.5 300 | 3.6

29, | Gesang Streem S Jan 83 6.7 28.6 3.7 340 2.4

30, | Kedung Ntingin 5 Jan 83 | 6,71 27.5 2,51 :480 | 4.2

31. | Kali Putih ¢ 5 Jan 83 | 6.5 27.1 0.4 ;| 420 20.1

32, |} Tumpeng - : 5 Jan 83’ 6.9 28.5 6.5 300 4

33. { Umbul: Sari (Pulo) : 5 Jan 83 6.4 27.2 1.4 320 | 7.4

3%, |sB, Wweluh 11 | = - - - - -

35. | SB. Wulvh 1 - - - - -} -

36, | SB, Wuluh ~(sp) ' | 8 Jan 83 | . 6.7t 25 . 6.7 | 80 8

37.. | Urang Gatung 11 .10 Jan 83 | . - - - -1 - -

38. | K, Leprak (3ugosari) ~10 Jan-83: | - 8.1 | 28.8 | 8.3 60 6

39, | témpeh Kidovl "I -5 Jan- 83 - - - - -

40. | Tempeh Kidvl . YI! 5 Jan 83 - - - - -

41, | Borehole B -1 6 Jan 83 | -~ - - |- -

42, | Borehole. B - 2 : 6 Jan 83 L= - - i B

43, | Bérehole, B - 3 6 Jan 83 6.5 | 28 4.8 | 500 4,2

44, -1 Borehole. B - 4 . 6 Jan 83 - 6T 24.8 1.1 | 220 5

45, { Borehole. B -5 6 Jan 83° |- 6.7 26,8 | 2.3 | 400 8.2
46, | Borehole: B - 6 6 Jan 83 | 6.7 { 27 9 300- 3.6
47. | Borehole: B - 7 6 Jan 83. | - 6.1 27 | 1.3 . 140 13

48, | Bovehole’ B~ 8 .. 6Jan83 | 7.2 | 28.7 1.1 | 200 7.1
49, | Borehole’ B - 9 6 Jan 83 7.3 27,9 2.5 180 17.6
50, | Borehole: B - 10 6 Jan 83 | - 6.8 | 28 1.4 120 8.4
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No. Location Date pH T Do ‘Ee ] Turd,
1. | K. Lengkong(up.st) 5 May 83 6.5 | 24 -5 ] 145 9
2. -] Oro-6rc Ombo A~ 5 May 83 5.6 | 23.8 6.1 | 110 | 4
3. | Oro-oro Owbo B 5 May 83 6.9 | 24.6 8 | 100 S 6
4. | Oxé-oro Oubd C 7 May 83 7.6 26.5 . 6.6 200 - 110
5, [INanas 5 May 83 5.2 24,5 4.7 200 4 -
6, {Nanas sp.A - - - - e -
7. K. Lengkong{Damstte). 7 May 83 7.3 27.2 7.8 200 26
8. | B. Kembar ({(Pamsite).| 7 May 83 1.6 21.3 7.4 | 260 | 130
9, B. Bang {Damsite) 71 May 83 8.0 29.5 7.4 400 317

10. |Nanas sp.B 7 May 83 - - -l - -

11. ' | Rekesan 6 May 83 6.5 24,1 3.9 | 260 1

12, | Sumber Urip Krajan 6 May 83 6.5 23.3 2.8 | 280 | -2

13. | Sp. Kembar 6 May 83 ~ - - - -

4. | Sp. Raharan : - - - T N

15. [ Oro-oro Ombo. D 6 May 83 6.6 23.6 6.5. [ 240 | 12

16, | Sp. Kamar A - 6 May 83 1.0 21.9 9.6 180 | 1

17. |} Curah Kobo'an I 4 May 83 6.9 | 23.5 5.0 .1 200 . 6

18, K.Besuk Kobo'an 4 May 83. 8.2 | 27.6 7.0 | 200 298

19. | Curah Kobo'an 1L 4 May 83 7.4 | 23,7 5.0 | 140 6

20, B, Senut. 4 May 83 7.9 24,9 7.0 | 200 1

21, | K. Panciag {(up} 4 May 83 8.0 25,0 7.0 -} 140 -2

22, P X, Mujur. {up) 4 May 83 8.2 |:23.9 7.0 | 166 4

23, 1S,U, Mujur I ] 4May 83 | 7.5 | 24,0 5.0 | 160 6

24, 1B, Sat (Kertosari) 3 May 83 | 8.4 § 29.9 2.0 240 188

25, | Kertosari 1II - 3 May 83 7.3 25.7 5.0 | ‘300 L2

26, | Kertosari 1 3 May 83 | 7.1 26.72 5.0 ] 280 4

27. '} S5p. Gesang ' - : - — - )= v -

28, | K, Mujur {Gesang) 3 May 83 | : 9.7 28,5 1.7 260 | 203

29. | Gesang Streem - - — -1 - L=

30. | Kedung Wringin 3 May 83 7.2 27.1 4.0 640 3

31, |Kalt Putih - 3 May 83 7.7 | 27.8 2.1 |- 4t0:] 1.

32, | Tuwmpeng - - - -1 = 1 =

33. | Umbul Sari (Pulo) 3 May 83 6.3 | 28.1 2.3} 400 | 44

34, | SB., Wuluh II 5 May 83 6.8 26.4 3.5 { 226.| -8

35, 5B, Wuluh I = - - .- - L -

36, | SB. Wuluh (sp) 5 May 83 6.9 25,2 5.8 22| 9 .

37, | Urang Gatung 1I 5 May 83 N - - -

38, | K, Leprak {(Jugosari) 5May:'83 | - 8.8.{ 29.5 | -4.4 240 | 521

39, [ Tempeh Kidul 1 3 May 83 5.4 | 28.0 “2,5 | 0500 S

40, § Tempeh Kidul 1Y 3 May 83° 1.0 29.0 2,5 | 500 6

41, | Borehole B -1 1 Hay 83 - - - - -

42, | Borehole B - Z: 7 May 83 - - - -

43, | Borehole. B~ 3 7 May 83 - S CIRRE R I

44, | Borehole B - 4 7 May 83 6.8 25,7 | 10 - 300 16

45, | Borehole: B - 5 7 May 83 - - = BESREE R

46, | Borehole. B~ 6 7 May 83 6.3 21,9 | 1.9 ]:300" 43 -

47. | Borehole B =~ 7 7 May 83 - - N -

48, { Borehole B -8 7 May 83, | - 7,7 26,6 § . 6,5 |-220 -3

49, | Borchole B - 9 7 May 83: - - - . .

50, | Boréhole B - 10 7 May 83 - - - - e
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Turb.

50,

No. Eocation Date pH T Do Ec¢
1. K. Lengkong (up.st) 6 Jul 83 ) - 6.6 23,2 1.6 | 100 2
2. | Oro-oro Ombo A 6 Jul 83 | 5.6 | 23.3 | 2.5 | 200 3
3. | Oro-oxo Ombo B 6 Jul 83 7.1 23.7 1.2 |- .80 1
4, 0r6-010 Ombo C 6 Jul 83 5,6 22.5 2.4 160 . .34
5. | Hanas o= - - - - -
6. | Nana's sp.A - - - - D -
7. | K. Lengkong(Damsite) | 7 Jul 83 8.2 25.4 6.3 200 82
8. | B. Rembar (Damsite) | = - - - - | = -
9. | B. Bang ' (Pamsite) | 7 Jul 83 7.9 26.6- 6.2 340 | 199
10. ' |'Nanas sp.B b 7 Jul 83 6.6 .| 24,7 3.7 200 | 2
11. | Rekesan L 7 Jul 83 6.1 23.9 5 260 3.
12, | Sumber Urip Krajan 7 Jul 83 6,2 22,1 1.3 | 240 3
13. | Sp. Kembar - 7 Jul 83 - - - - . -
14. | Sp. Raharan 7 Jul 83 6.4 1 23 2 160 3
15. Oro-oro Cmbo D 7 Jul 83 8.1 23.2 1,8 | 200 | 2
16. | Sp. Kamar A - 7 Jul 83 | 6.4 22.3 2,2 { 180 | 31
17. | Curah Kobo'an I 5 Jul 83 | - 6.5 23.2 | . 2.5 | 220 7
18. K. Besuk Xobo'an 5 Jul 83 7.6 .| 26 247 2200 1 29
19, { Curah Kobo'an IT 5 Jul 83 7.0 26,3 | 3.3 | 120 3.
20. B. Semut 5Jul 83 |- 7.4 | 23.9 2,6 | . 200 4
21. | K. Pancing (up) 5 Jul 83 7.1 24.1 2.9 | 140 7.
22. K. Mujur . {up) 5 Jul 83 | 6.6 23,2 47 180 1
23, | s.U. Mujur I : 5 Jul 83 7.2 21.5 1.4 | 160 1
24, | B, sat (Kertosari) 5 Jul 83 |- 6.7 22.4 | 5.4 400 3
25, | Kertosari II 4Jul 83 | 6,3 | 24.8 1.6 | 300 6
26, Kertaosart - I 4 Jul 83 6.4 25 1.5 | 280 3
27, Sp. Gesang . S - - - .- - - .-
28. | K. Myjur (Gesang) 4 Jul 83 7.5 | 25.8 2.6 | 280 21
. 29. | Gesang Streem © 4 Jul 83 6.6 | 27 1.4 400 4
30. | Kedung Wringin 4 Jul 83 | - 4,8 26.4 3.2 |. 600 i
31, | Kali Putih 4Jul 83 | 6.1 | 26.3 1.4 520 1
32, | Tumpeng - - . 4 Jul 83 6.4 | 27.3 1.3 400 5
33. Umbul: Sari  (Pulo) 4 Jul 83 6.8 21.6 o1 420 2
34, $B. Wuluh T1 6 Jul 83 © 6.5 25,9 2,4 | 240 5
35. SB. Wuluh I : 6 Jul 83 7.1 ) 25.2 2.7 240 | -5
36; | SB.. Woluh (sp) 6Jul 83 ). 6.4 | 25.2 | 2.1 | 220. 3
37, | Vrang Gatung: II 6 Jul 83 } 6.7 | 26,6 ) 7 . 400 4
38, | K. Leprak (Jugosari) 6 Jul 83 | 7.9 23.3 | . 2.6 | 160 | 220
39, _Tempeh Kidul I 4 Jul 83 6.5 27.5 1.3 460 .2
40, Tempeh Kidul II 4 Jul 83 | 5.8 27.4 | 1.9 | 400 2
41, Borehole B -1 8 Jul 83 - - - - -
-42. | Borehole B - 2 8 Jul 83 - - - - -
D43, Borehole B -3 8 Jul 83 | -~ - = - -
44, | Borehole B -4 8 Jul 83 | -~ ~. - - - :
45, | Borenote B.- 5 gsur83 | 6,6 | 2.3 1.2 200 149
46, | Borehole B - 6 8 Jul 83 |~ 7.0 25.7 1,1 7| 340
47, | Borehote B -7 gJu 83 | 7.7 | 25.7 | 1.2 | 100 | 19 .
. 48. | Borehole B - 8 g Jul 83 | . - - - - -
49, | Borehole B - 9 8 Jul 83 - - - - -
Borehole B - 10 8 Jul - - - ~ -
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No, Location Date pH | T Do~ - B¢ Turb.
1. | K. Leagkong{up.st) 7 Sep 83 6.4 22,3 6 60 | - 6
2, | Oro-oro Ombo ‘A 7 Sep 83 5.8 23.4 2.8 120 . 5
3. Oro-oroe Ombo B 7 Sep 83 5,7 24 =3 - 180 2
4, | Oro-oro Ombo C 7 Sep 83 6.7 21.9 5.6 | 220 Y
5. INanas - - - - - -
6. [ Nanas sp.A- ~ - .- - = -
7. | K. Lengkong{Damsite) 8 sep 83 8.2 27.1 4,7 | 250 9
8. | B. Kembar {Damsite) 9 Sep 83 7.9 26.8 4.7 | 320 5
9. | B. Bang (Damsite) | 8 Sep 83 7.9 | 263 | 4.7 | 380 | 4

19, I Nanas sp.B 8 Sep 83 7.1 29,2 1.1 200 14

11. | Rekesan 7 Sep 83 6.6 23,2 2 220 5

12. | Sumber Urip Krajan . 7 Sep 83 6.1 | 22,3 9 260 3

13. Sp. Kembar - - - - - Lo

14. | Sp. Raharan 7 Sep 83 6.6 21.6 5,2 60 1

15, Oro-o6ro Ombo D 7 Sep 83 | 7.0 23 1.6 200 1

16, | Sp. Kamar A -~ 7 Sep 83 6.7 21.9 4.8 | 80 1

17, | Curah Kobo'an I 6 Sep 83 ,6.4 | 24 4,8 | 240 1

18, | K., Besuk Kobo'an 6 Sep 83 7.8 '} 27 5.1 | 220 )

19, | Curah Kobo'an II 6 Sep 83 | - 6.4 24 5 180 1.

20, | B. Semut , 6Sep 83 | 5.4 25 5.4. | 200 2

21, | K. Pancing (up) . 6 Sep 83 | 4.9 | 26 5.4 | 160 2

22, | K. Mujur  (up) 6 Sep 83 6.5 | 25 5.5 L 180 | 1

23, | 8.U. Mujur T 6Sep 83 | 1.7 | 23 5.0 { 200 | 2

24, | B, Sat (Kertosarf) 6Sep 83 [ 3.5 | 30 4,7 § 380 1

25, Kertosari 11 5 Sep 83 6.1 26 5.2 220 -k

26, | Kertosarl 1 5 Sep 83 6.6 { 26 5.3 260 1

27. | Sp. Gesang - - C = - - -

28, | K. Hujur (Gesang) 5 Sep 83 6.1 | 29 5.4 220 B

29, | Gesang Streem 5 Sep 83 6.1 ) 28 4.9 200 4

30, | Kedung Wringin 5 Sep 83 6.0 27 4.9 200 P2

31, | Kali Putih 58ep 83 | 6.3 | 27 5.4 | 240 0

32, Tumpeng 5 Sep 83 6.2 28 5.2 260 B P

33. | Umbul Sari (Pulo) 5 Sep 83 | 5.6 28 4.9 | 120 2

34, | $B. Wuluh II 8 Sep 83 6.1 25.5 4,8 | 180 1

36. | SB. Wulvh (sp) 8 Sep 83 6.5 { 25.3 4:2 1200 1

37. | Urang Gatung II 8 Sep 83 | 6.4 27.7 1.8 400 1

38, | XK. Leprak (Jugoaari) 8 Sep 83 |- 7.7 27 5 200 1

39. | Tempeh Kidul I 5 Sep 83 4,5 28 4,7 | 380 -0

40, | Tempeh Kidul 11 5 Sep 83 3.1 30 4.8 380 3

‘41, | Borehole B -1 9 Sep 83 - - - - -

42, | Borehole B - 2 9 Sep 83 - ~ ~ - -

43, | Borehole B - 3 9 Sep 83 f- - - -

44, | Borehole B - 4 9 Sep 83 - - - Ce -

45, | Borehole B - 5 9 Sep 83 7 27 2 400 9

46, | Borehole B - 6 9 Sep 83 - - “ - -

47, | Borehole B - 17 9 Sep B3 - - - - ~

48, Borehole B - 8§ 9 Sep 83 - - - S -

49, | Borehole B - 9 9 Sep 83 - - - = -

50. Borehole B - 10 9 Sep 83 - - - - -
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APPENDIX C-3

. Hydrochemical Charts
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ABSTRACT

Geologlcal investigation is divided into three caﬁétgotiés.

Firstly, there 15 ‘a general- geolog1ca1 survey to understand the
geological situation of the wide area.

Secondly, theré is a land condition survey to understand the
hydrogeological as well as geotechnical situation at each
planned site for the rain Sabo facility and for water
consérvation.

Lastly, there is a geophysical sounding to analyse measured
data of geophysical sounding at the above-mentioned sites.

A summary of survéfffééults is given below,

(1}

General Geological_SQrvey

Geology of the investigated area is laigely divided into
two systems: (i) Quaternary volcanic brodUCts of the

Sunda . Quaternary Volcanzc Arc which forms the backbone of
Java Island, and (11) Tertlary volcan:c rocks whlch form

‘the base of Quaternary volcanic products. Tertlary

volcanic rocks form a steep mountains 1n the south-west of

_the study area._ ‘Quaternary volcanic products are classx-
_f1ed into relatively young ‘and loose volcanic products
iftom ME, Semeru and relat1vely old and compact older
”volcanic products. eroded to a certaxn extent,_which are

the basement of the younger volcdnic products and consist
of volqanip products from the Jambangan qolcanic complex.



(2}

Characteristics of the VOléShle éctivities of Mt, Semeru
are: {1) Lahar and Nuge Ardente are concentrated in the
south -east 'slope; . (11) No large scale erruption is pre-.

'sumed to happen in the past; (111) An active period and a

dormant perlod repeat regularly; (iv) Location of a crater
is slowly shlfting to the south...

Land. Condltlon Survey and Geophys1cal Soundlng

Geologlcal conditions discoveted by the 1nvestigations at.
the planned sites for the main Sabo facility and water
conservation are as follows: ' v

i) Pronojiwo Damsite

Very hard'énd'strong Tertiary‘andesite'1eve:(lﬁlm:ih
thickness) is dlstrlbuted at the riverbed, 1ts p
wave propagatlon veloc1ty is 4 km/s. and the shear
strength is estimated to be about 1o = 120 ton/m , 7
A weak layer of Volcanie¢ breccia lies under the 7
ande31te lava,_and its Shear strength is assumed to
be 1O ¥ 30 - 50 ton/m . ‘

The right bank mountain is fermed:by.the olderliahar
'dep051ts of Quaternary and its topographlcal capa-

. city is small. Its P wave propagation velocity is
1.3 to l'.’é kfn/s. | |

The permeabillty of Tertiary ‘Voleanic breccia and
andesite’ lava, which form the baserock of the dam-
'Sité,=1s small at_under 5 Lu at 10 m or deeper.

The left-bank mountain is formed by the Tertiary
. tuff and tuff breccia.

Based on these findings, it appearslposslble to
buildé an approximately 30 m high gravity type dam,
in spite of some difficbltleé.



K. Lengkong Fan

As the hYdrogeological structure of K. Lengkona Fan,
the fan consists of impervious layers of Tertiary
volcanic rocks and Quaternary Older volcanic pro-
ducts as basement, and of a pervious layer of
younger volcanic products from Mt, Semeru as
overburden.

It seems that the ridge of impervious layers, which
runs south to north in the western part of the fan,
blocks the flow of ground water to the further west
of the fan.

According to the in-situ permeability test conducted
on the surface of the K, Lengkong Fan, the coef-
ficient of permeability of the Lahar deposits is
small at about K = 5 x 10°¢ cm/s.

The electric sounding, however, suggests that

" yarious layers of high permeabillty such as auto—

brecciated lava and pyrdclastic materials,
consisting mainly of lava block and containihg
almost no fine_grains;'aré'ikregularly intercalated
in the older Lahar deposits.,

CoﬁseQUehtlj; the permeability of the Lahar deposits
is not considered uniform and varies from K = 1072

cm/s8. to K =.10'4 crn/s.

The top layer of Tertiary basement'under the oldex

_Lahar deposits consists of highily weathered tuff,

The coefficient of permeability of this layer is
presumed at K = 10 5 - 107 =7 cn/s according to

the laboratory 3oi1 test, which  appears to pe

- capable of acting as an adequate impervious basement.






1.

1.1

.. GENERAL GEOLOGY

INTRODUCTION - -

Chapter 1 gives Ehe-results of regional geological survey in
the southeastern slope of Mt, Semeru as part of ?easibility
Study on the Volcanic bebris Control and Water Conservation
Project in the Southeastern Slope of Mt. Semeru in the Républié
of Indonesia. '

Outlines of this survey are given bhelow,

(1)

(2)

- {3)

Purpose of the Survey

The purpose of this survey is te carry out a regional
geological survey of the southeastern slope of Mt. Semeru
and to determine the geological situwation of planned site
of major Sabo facilities and water conservation project as
well as to formulate the future plans for subsequent
various geologiéal investigatioh works based on the
results of regional geological survey.

study Area and Methodology

The study. area is about 730 kn?, The method of the
survey chiefly consists of the toute survey of main civers
and roads but somewhat more detailed investigation was
carried out ‘around the planned site of important sabo

facilities.

_Generally;_l/so,ooo tbpogréphical map was used but'oc-___
‘casionally 1/10,000 topographical map was used for K.

Lengkong Fan and 1/5,000 topographical map for K. Mujur,
K.B. Tunggeng and K. Rejali.
Period of Survey

The survey period took 2 months from May 11, 1982 to July
10' 1962. . ’



(4) Persons in Chafge
Geological reconnaissance was carried out by:Mr.: Nobuhikeo
Uchiseto and Mr. Yosuke Sakaki of JICA Study Team, and was
acéompanied by'Mtg SUMARTONO of the Départiment of Public .-
Works and Mr. SURYO of the Geological Survey of Indonesia
for the field survey. . ‘ :



1.2 OUTLINES OF THE STUDY RESULTS

(1)_ Topography and Geology of the Survey Area
':45 ‘T0pogtaphy o '

The study area covers the southeastern slope of Mt.
Semeru_(hb. 3,676 m) in the eastern part of Java
;Islaud.: Mt. Semeru is the highest'moungain in Java
Island and an actlve stratOvolcano. Mt. Semeru is
'located in the east of long and large Quaternary
volcanic:arc running from east to west in the center
of Java Island called Solo- Zone or Sunda Quaternary
Volcanic A;c,}and belongs to Tengger~Semeruv Volcanic
complex extending from north to south taht is one of
the volcanic complexes forming Solo Zone.

Tengger-Semeru volcanic complexes are'morphologically
classified into the following 3 units. (h. SAKAI, I.
SURYO, 1980) L

- Tengger mountaln range
Lo Jambangan volcanlc complex

- Semeru volcano

Among them Mt. Semeru is the youngest'and is Formed on
" the southern slope of ‘the Jambangan volcanic complex
which is the oldest among the 3 units.

- To :the 'south-of Solo Zone“in'the study area, thé:
:;mountain range called Southern Mountains comptising
. ..the: Tertiary system runs from. east to west in parallel
with Solo Zone. ‘
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The study area covers both Solo Zone and Southern
Mountains and is roughly classifled into the following_
4 areas according to the geomorphological

"charaoteristlcs.
Semeru Volcano [a. Main part of volcanic ¢one
' ' (EL. 1,500 m to top)
b. Volcanic fan
~ (BL. 150 t6 1,500 m}
[ C. Volcanic pledmont periphery
{EL. 0 to 150 wm)
Southern Mountains a. Mountoins”and hills

-3 Geology

Geology of the study area is 1arge1y dxvided into
Tertiary system and Quaternary system. Quaternary
system forms volcanic ranges including Mt. Semeru on
the north side of the study area and Tertiary system
forms steep mountains on the SOuth ‘side of the study
area.

. The Tertiary system of the study aréa comprlseé
various volcanic .rocks such as andesite, tuff and tuff
breccia. The lowest layer is composed of green tuff
etc., The green tuff is called 01d Andesite in
Indonesia which was turned into green by hydrothermal
‘alteration. There:seems to be unconformitybetween
these green tuff, etc. and the voloanio rooks lying
over the former. '

The Quaternary system of-thélstudy-area'is'1afgé1y'
classified into older volcanic produots, which are
volcanic products of Jambangan volcanioc complex, and
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younger volcanio products which are from Mt. Semeru.
Most of the study area is covered WIth younger
volcanic products._ The younger volcanic products can
be also classified into the following 4 types ac-
cording to the composite material, mode of occurrence
and c0mpactne§s.

a. Primary volcanic products
SecohdarY’volCanic products
_ (Eplclastlc volcanlclastlc dep051ts)
[ .  Younger Lahar deposits
fc. Older Lahar deposits
d. Alluvium .

Primary voleanic products are composed of those
rdlrectly from the center crater or para51tlc

volcanos. They have not moved from the original place
in spite of rain, etc. Most of them are d;stributed
over the area abové EL. 800 m.

Secondary. VOICanic products (ep1clastic volcaniclast1c
deposits in terms of volcanology) are. those of the
primary volcanic products which dre moved with water
'and redeposited. They are 1ncluded in_debris flow and
mud flow deposits in the study of mud flow, In this
'report'debris fiow'and nud flow deposits are
collectrvely called Lahar deposits.f Lahar deposits
‘are distributed over .the area from EL. 800 to 150 m.
Lahar- deposit can be classified into loose younger
. Lahar dePOsite and well compacted older Lahar - deposits
 according to the degree of compactness. - Older Lahar
_fdebositsﬂform;an:old volcanic fan such as K. Poh Fan
and younger Lahar deposits form a new volecanic fan
covering the old volcanic fan.



(2}

(3)
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" The strat:fzed alluvium is distributed in the Volcanlc

piedmont per1phery which’ Surrounds ‘the VOlcanio fan
and comprises round pebbles,_sub angular pebbles,

sands, silt and clay.

Charaoteristics of Vo1Canic Activities of Semeru Volcano

Characteristics of volcanic aotivities‘of Semeru volcano

are given below.

Nuee Ardente and Lahar are concentrated on the
southeastern slope. '
Judging from distribution of volcanic ejectaments (ex.

ash falls, bomb, etc.), there seems Lo have been no
large~scale eruptions in the past. ’ '

Cycle of the active period and dormant period had been
repeated many times.

The crater is gradually shifting toward south

Planned Site of Major Sabo Facilities and Water
Conservation '

Planned sites of ma;or Sabo facilities and water con-
servation are shown. in Fig.-1.5.1, Geolegical Map of the
Study. Area.

;Pronoglwo Dams;te

It comprises the west bank to the riverbed with
Tertiary volcanic rocks (alternating layers_of-
andesite and Volcanic bréCcia),-but'thé-wést bank:is -
composed of older Lahar deposits of sand and gravels
from Mt. Semeru but- its topographic capacity is élight;

'
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On the riverbed an andesite lava of about 10 m in
thickness is distributed, underlain by a weak Volcanic
breccia layer. '

Considering thé topographical and géological con-
aftions dest¢ribed above, it seems possiblé to con-
struct a concrete ‘dam of 30 té 40 m in height at
Pronojivwo damsite in spite of some difficulties.

For use as aggregates, Lahar deposits whose quality is
not so poor can easily be collécted. '

For use as soil material, highiy weathered part of
tuff: layer of Tertiary period was considered but the
quality was found té be not so suitable, ‘

K. Lengkong Fan

K. Lengkong Fan abounds in spring, and on the
impervious Tertiary basement the relatively pervious
layer of volcanic products lies disconcordantly. The
stratostructure of Semeru Volcano is thought to be as
a hydrogeclogical structure of relatively pervious
volcanic products.

Diversion Channel

Around the route of Diversion Channel, older Lahar
deposits are predominant and there éexists no

- large-scale lava flow,

Curah Kobo'an Check Dam

Andesite_lava is distributed widely over the riverbed
but it is as thin as about 3 m and underlain with soft
mudstone,



The right bank is composed of soft, highly weathered
alternating layers of tuff/tufflcious mudstone and its
topography shows ‘a narrow ridge.

On the left bank, older Lahar deposits of compacted
sand and gravels are thickly distributed. For: the
above reason, it would be very d1fficu1t to construcL
a large dam {over 40 m high} at this damsxte.

Slte of Sabo Fac111t1es along K. Mujur and K.B.
Tunggeng _

At 3 points along Gesang, KlOposawlt and Kertosarl,
older Lahar deposits lie as a base, on which younger
Lahar deposits and riverbed deposits are thinly dis-
tributed.. At all these 3 points, the ground water
level is high and ground water cut-permeates from both
panks.



1.3, LOCATION

The study area is located at Lumajang city in the eastern
province of Java, about 150 km south of Surabaya. By car it
takes two hdurs to reach Lumajang c¢ity from Surabaya via
Pasuluan and Probolingo. From Lumajang to Pronojiwo, the -
western-end of the study area, it is a distance of one hour and
a half by car. - Mti Semeru is located between Lumajang ¢ity and
Malan city with its southeastern slope facing Indonesian Ocean.
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1.4 OUTLINES OF TOPOGRAPHY AND GEOLOGY OF THE EASTERN PART OF
' JAVA ISLAND.

1.4.1 TOPOGRAPHY OF EASTERN PART OF”JAVA‘ISLAND.

Semeru VOICano belougs to Sunda Quaternary Volcanic Arc wh;ch
runs from east to west through Sumatra Island and the center of
Java Island reaching Bali Island and Sunbawa Island.. Semetu
volcano is an active- stratovolcano and the highest mountain in
Java Island-at EL. 3,675.6 m. Theére is another smaller volcanic
row named Tengger-Semeru Volcanic Row running from south to
north at a. right angle to Sunda Quaternary Volcanic Arc in the
eastern Java. Semeru volcano is located at the south ‘end of
this Smaller volcanic row as shown in Fig.-1.,4.1,

This volcanic row extendlng from south to north can be classi-
fied into the follszng 3 geomorphological units according to
Sakal & Suryo (1980). (See Fig.-1.4.,1)

i) Tengger Mountain Range
ii) Jambangan Volcanic Complex

iii) Semeru Volcano

'The oldest unit is Jambangan Volcanic Compiex and Semeru
Volcano is the youngest of the three.

Semeru Volcano is called Mahameru (meaning sacred) mountains.
Semeru means the sole sacred mountain.

{1) ‘'fengger Mountain Range

To the west of Tengger Mountain Range, non-volcanic
deposits are distributed as the basement . Volcanic
deposits cover this basement on the east. Bromo Volcano
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is located on the west of the m0untain range and is the
only active volcano in this unit. - Tengger Mountain Range
is located at the northern end of the volcanic row
extending in the N-S direction.

'Jambangan Volcanic Complex

Jambangan Volcanlc Complex is located between Tengger
Mountain Range and Semeru vOloano and c0nsists of_Ayegayég
Volcano, Ranu Kembolo Volcaho.and Gunung'Kepla volcano.
Since these volcanos ceased eruptlons, erosion is progres-
sing, cutting deep valleys which ‘represent a’
characteristic of this unit.

Semeru Volcano

Semeru Volcano 1s a stratovolcano lOCated ~at the south end

of the volcanic row, the summit of Semeru Volcano is
called Mahameru where the older crater is located, wh1le
the present crater is located on the southeastern side of
Mahameru and is called Joggrlng Seleko Crater. Joggring
Seleko Crater presently faces K. Besuk Bang but the
direction of this crater had changed several“;imes:ih the
paét according to the existing data, The eastern slope of
Semeru Volcano extends gently towards Lumajang Plain and
the southern slope is blocked its southern expansxon
beyond K. Lengkong by the Tertiary mountains ektending in

“arc from east to west. .

From geomorphological point of view, the southeastern
slope of Semeru Volcano can be said to be- younger than the
slopes on the northern and western side. In other words,
this is because the slope to thé west of K. Glidik belongs
to the aforesaid Jambangan Volcanlc Complex and the slope '
to the north of K. Besuk Sat belongs to Tengger Mountain



D - 13

Range and Jambangan Volcanic Complex. The study area of
this project is the youngest slope of Semeru Volcano from
a geomorphological point of view.

1.4.2 GEOLOGY OF EASTERN PART OF JAVA 'ismﬁn

Geology of the éastera part of Java Island, as shown in

Fig.-1.4.2 has disfributiOn of Sevétél geologiéal provinces
extending to. E-w in a band shape, which are arranged from south
to the north in the followlng order,

i)_ Tertiary volcanic tocks,  limestone, etc.
ii} Quaternary volcanic Facies |
iii) Miocene-Pliocene Sedimentary Facies

iv) Quaternary sedimentary Facles

v} Miocene-Pliocene Sedimentary Facies

The abo#e Qeological faéieé  are explaihed in the order listed.

(1}

Tertlary Volcanlc Rocks; Limestone, etc.

Southern: mountains shOWn in Fig.-l 4 2 are composed of
Tertiary "01d Andesite" and 1imestone, ‘etc. According to
Katili in 1973, since volcanic activities were prominent
when these layers were formed, Southern Mountains are
called Sunda Tertiary Magmatic Arc. To the east of

- Jember, granite is observed intruded into Tertiary
'system. Because of this, alteration is observed in the
lower part of Tertiary system. In Tertiary system, ex-

tending to the south of Semeru Volcano, a little greenish
and clay- turned Tertiary system due to alteration is
observed., The acidic welded tuff assumed to be cognate

‘with the granite is also observed in the study area.
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Quaternary Volcanic Rocks

The quaternary volcanic arc running through the center of
Java Island 1s called Sunda Quaternary Volcanic Arc. It
is a_ve;y long_and large volcanic zoné extending to the
Andaman'xslands'in'the nofth'ahd to Celebes Island in the
east, 1In Java; this volcanic arc is called Solo Zone. 1In

80 called Solo Zone, Tertiary system, limestone, etc, are

overlaln with thick volcanic products from Quaternary
volcanos. The start of a volcanic activism of Quaternary

period goes as far back as the middle to the latter

pleistqcene. Solonoﬁe on east Java as shown in
Fig.-1.4.2 consists of several volcanic complexes. These
are listed from east to west around Semeru Volcano.

i) Ijen volcanic complex

ii) Iyang volcanic complex .

iii) Lémongan volcanic complex

iv) TenggéreSemeru‘volcahic'comﬁlex

v} Bﬁtak volcanic complex

with tegard_td-toPOQrapﬁy and'géblogy'of'(iv) Tengger -

Semery complex where the study,area is located, please‘

refer to 1‘4’1-T¢pography of the Eastern Part of Java

" Island. The characterisite of geologlcal structure of:
“Tengger Semeru complex, as shown in Flg.,l 4. l,_shows

arrangement of several craters in N-8 direction, crossing

© Sunda Quaternary velcanic Arc at a right angle. This

indicates existence of transverse fault zone of Java

- Island along-the craters in N-8 direction. This fault is

also considered to border the western edge of the depres-

~ sion zone. expanding in Lumajang Plain with Lamongan
volcanic_complex ‘in the center (Van Bemmelen, 1950) .
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{3) Worthern Zone of EBastern Java
Deposits covered with alluvium, miocene and pliocene are
distributed on the north of Sunda QuaternarY‘leéahid'
Arc; Depos1ts from Miocene to Pllocene are mostly- com—'
posed of 1limy detrltal sedlments which are folded. As a
geological structure of the northern zone of Eastern Part
of Java, as is shown ‘in Fig.-1.4, 2, the follwéing anticline
and syncline exist in parallel w1th Java Island: * These
are from south to north Boger~-North- Seraju- and Kenduna
anticlinorium, Randublatung syncline andrbembang?Madura
anticlinorium with alluvium thickly coverlng Randublatung
syncline,

1.4.3 EARTHQUAKE

Along the Sunda Islands from Sumatra and Java Islands to Timore
Island, the epicenter is distributed in an a:c,shépe, Such a
seismic activity in Indonesia is eupiaihed by'ﬁlaté Tectonics
Theory as follows. As a result of gushing actlon at southern
Indian ocean Ridge and Carlsberg Ridge, stress is accumulated

by a moving mass of Indian Ocean - Australian Plate getting
underneath the Southeastern Asia Plate. This is the reason for
earthquakes along the Sunda Islands.. Around Semeru volcano,
both the structural earthquakes caused by entrance of the plate
as is above described and volcanic earthquakes frequently occur
but the frequency of volcanicrearthquakes,is especially-higher.
However, seismic intensity of these earthquakes is generally
weak and little damage by earthquake_was-reported-ih<thewfecord
since 1900 . The largest acceleération was less than 0.05 g, |
although Isosismo map using Kawasumi formula of Weather: Bureau
of Indonesia shows that the area surrounding Semeru VOlcano is

a possible area of earthquake of maximum acceleration of 0.15 -
0.3 q. ' '
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1.5 TOPOGRAPHY AND GEOLOGY OF THE STUDY AREA
1.5.1 TOPOGRAPIY OF THE STUDY AREA

The southeastern part of Semeru Volcéno, a subject area of the
chrtent study, can be divided iﬁto thé'following 4 geomorpho-
logica1IUnits. For further details of the topography of the
survey area, please'refer to Supporting Report (5) Part H,
Topography and Naturai Disaster. . |

1) Main part of the voicgﬁic cone
ii}) Volcanic fan
iii} Volcanic piedmont periphery

iv} Tertiary mOuntains'ahdIhills

{1} Main part of the volcan1c cone is over EL. 1 500 m, where
volcanic act1v1ty of Semeru Volcano dlrectly affects.

Pyroclastic flow, ash fall, 1ap1111, volcanic bomb and
lava etc. spewed dlrectly from the crater, are d1sttibuted
over this area and its inclinatxon is very steep at 27

degree.

{2) The volcanlc fan is the slope between EL. 150 and 1,500 m,
where Lahar and badu d1sasters mostly concentrate. The,
volcanic fan is 1arqely div1ded into two areas,‘i.e.:_.
Ladu fan where lava flow and. pyroclastic flow deposits and
Lahar deposits are dlstrlbuted in mixture, at EL. 800 to
1 500 m Lahar fan where lava flow and pyroclastic flow
deposits at EL. 600 to i5d’m. Lahar fan can be Eurther
divided into two at around EL. 200 m,_i €. Lahar fan-A
which is a steep sloped fan at EL. 250 to 800 m and Lahar

_fan -B whxch is a slow sloped fan at EL. 150 to 250 m.
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The ab0ve'is'summatized°esffellews,f'

i) Ladu type fan (EL. 800 to 1,500 m) A
Lahar type fan  ii) Lahar fan-A (EL. 250 to 600 m)
iii) Lahar fan-B (EL. 150 to 250 m)

(3) Volcanic piedmont periphery is'a very slow sloped . flat 7_
ground formed outside of'éﬁé ﬁblcanic'fen._ In this area,iP”
exists an overflow deposzt comprising sand, subangular ,'-]
pebbles, silt and clay._ Further outsxde of this terra1n,
the alluv1a1 plain and the coastal plain are formed.

(4) 1In the southwestern part of the study area lie steep
mountains of Mature stage of max, EL. 1,000 m cohsisting
of Tertlary volcanic roeks.' In the north of these
mountains near the boundary between Semeru Volcano and the:
mountains, a mountaln range ‘extends east to west in arcs,
which blocks the extension of the foot of Semeru Volcano
to the south. The slope of the mountains is very steep
and dissected w1th many small valleys. To the south ef
Pasirian, two isolated hills eonersting of the Tertiary
volcanic breccia stand out in the Volcanic fan.

There are many small hills at a relative height less than 10 m
scattered in the volcanic piedmont periphery to the south of '
Pasirian. In these small hills, huge angular boulders of
andesite dia. 2 - 3 m. are irregularly mixed in the weathered‘

and lateritized sand and silt. ‘rhe area where these small hills
distributed elongate N§ - SE dlrectlon and thelr distrlbution area
presents a slender fan openlng toward SE. dire0t10n. These hills ghow
the relic of a very large scale volcanic mudeOw and ean be '
considered as so called mudflow hills. Judging from weathered

c’ ndition of these hills, the deposits may be older than those
from Semeru volcano but the origin of these hills can not be
confirmed in this study. .
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