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. across the riverbed.and very gently 1nclzned toward the
downstream viewed £rom the longitudinal direction. At the
damsite no faults ot shearea zones are obserVéd. -

2.3.3, cgoLocxcan INVEswxcﬁTiou‘wdﬁxs

'-At this site, 6 measuring 1ines, 3 km length of seismic
sounding and drillinq survey of 3 holes of: 87 m in depth were
carried out._ The locations of these surveys are given in
:Fig.~2 3. Géoldgical Map of Damsite.

(li' seism1c 80unding

;The Eield and measuring works of seismic sounding Were
gcarriéd out by the staff of ‘Institute. of Technology of
Bandung (ITB),'and the analysis was carried out by Mr.
Nakazawa (member of JICA Study Team, in charge of

Geophysical Sounding).' summary of the results of the
“seismic sounding analysis follows:

?i)“fTHéfééiéﬁiéfUéioéiEy'strudture'6f Pronojivo damsite
s dividé&'iﬁto 4 or & velocity layers as summarized
in the tables below.  These selsmic velocity layers

b 7are shown in Fiq.—2 3 Geological Profile of Damsite.

” Tab1e¥2J3}2511)_ 61assiflcatidn of Veldcity Layers

(nght bank)

Velocitys Velocity Thiﬁkness f:!. | Geology.

Layer (km/sec) of Layer(m)" : ’

| 1 ‘ 7 0.1-0.3|0.5-0.5 | surface sol
ljj;iﬁk 0ﬂ3f% 0‘3:.11;03#=15¢0 ‘Loose older Lahar deposits
liiif?ﬁ“ l 3 - 1 g’ 32;573f51J§‘ fCOmpact ‘older Lahar deposits

3§Yiﬁ'; 4 0 - 4 23,75  - ITAndeslte lava

(2 8) SRR BT (euff breccia?)
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Classification of Velocity Layers

(Left bank) SRS i
" Velocity Veloc1ty Thickness Geology
Layer (km/sec) of Layer | :
I 0.1 - 0.2 | 0.5 ~.2. 5 | Top soil -
11, (0.3 - 0.5 | 2.0 - 14.5 | Loose older Lahar deposits,
: L ox
hxghly weathered part Of the
Tertlary formatlons :
i, g.4 - 0.8 2.5 -'ld.ﬁ nghly weathered ‘surface
-1 layers of tuff of the
‘Tertiary system :
formations having "ralus®
like characteristics
111 1.5 ~ 1.6 | 11.5 - 17.0| Tuff of the Tertiary
2.1 - 2.2 | 7.5 ~ 12,5 | formations or weathered
BN | andesite lava
v 4.0 - 4.1 - 'AndeSLte'
(3.4} (tuff breccxa?}
ii} The riverbed is qoveréd with'ri#er deposits of 1 to
3 m in thickness.

‘iii) The boundary plain of older Lahar deposits and
andesite lava was detected. The shape, roughly
horizontal along the cross section map of K.
Lengkong, is'gent1y~inclined toward the downstream.

iv) The average thickness of older Lahar deposits on the
right bank is 18 t0 23 m.f The thigkness reaches 35
m along the’ measuring 11nes of §-3 ‘and §-6,

v) On the left bank,'ﬁééthered”andesite lava (2.1 to

2.2 km/sec) is distrlbuted over: the fresh andesite
lava (4.0 to 4.2 km/sec)- However, weathered
andesite 1ava couldnot be found on tho riqht bank
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- vi) Weathered part of Tertiary basement distributed over

the foot of Mt. Kukusanseriti is very thick in
. _excess of 30 m. The velocity value of the lowest
. _1ayerfin this area is 3.4 km/sec.

Driliing wOrk

The drilling work wag carried out by ITB, and the

"obserqation of " co:e_samples was performed by Mr., Sasaki,

tn charge of “land conditions, member of JICA Study Team as

well as téshnical advisor for the drilling work. An

outiing of the results of the observation and Lugeon test
is glvén ‘below. ' The results of the obyservation of cores
are summarized in Fig.-2,3/4, P-Q curves of Lugeon test
are‘shownﬂiﬁ Pig.-2:3.5. 'As for the details of driliing'
work; ‘please refer to the Technical Report submitted by
ITB_td]ﬁtf‘Sémeru' Project Offfce.

;1> 3‘1 Hale

.ZB .1 hole was drilled on the riberbed of the damsite
”as shown in Fiq.—2 3.1, '

Geological Conditions

fo to -1, 2 n S ‘Riverbed deposits of coarse
| R ‘sand and angular to
subangular
gravels
ﬂ:fiii ééf{fl,érh 1 Grey cdmpacb and hard

~andesite, Jadgedras CH
class. -
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~11.2 to -20.1 m: Brown to grey color.  Tuff
breccia. Generally soft and
considered as @ class.
Especially between the depth
of ~15.0 to -17.7 m, matrix
is yellowish clay and in very
podr condition.

-20.1 to -30.0m: ~ Grey compact and hard
' andesite. Partly between

-21.7 . to 422.6 m, gray
pPQIrous :

tuff breccia is inter-
calated. Generally
foundation condition is good

. and considered as @class.

-2 Ground water Level

At B-hole, the ground water level behaved st:angelf
during the arilling work, While drilling from 0 to
-18 m, the ground water level‘was stable at -0.4 m
but when the depth_was'near ~18 m, the level
abruptly dropped to about -14 m. This low ground

~ water level continued while dxillihg_frqm ~18 to -24
m. The ground water level Started.to_iise after -24
m or deeper and réachéd~5.5 m.when drilling reached
-27 m depth. When B-1 hole was drilled to -3¢ m,
PVC perforated pipe was ihstaiied_ to complete the
ground water observation hole. The ground water
level recovered to -1.3.m. Fig-2;3.3 shows the
relationship ambhg geoiogy, Lugeon value; depth
drilling and ground water level of B-1 hole,
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- Fig. - 2. 3 3 Relanonship among Geology, Lugaon Value,

Dnlhng Depth and Grouudwater Table
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material while drllllng and/or river sand had entered

.through the opening of the hole which plugged up the
_ pores of the permeable layer to y1eld such a low Lu

value.ﬁ Also the: riSe in: the ground water level once

bédropped during drilling may have been caused by
_ washing Out the plugging in the permeable layer.

'The forego1ng assumptions were made ‘to shed some
' light on this. phenomenon, but if sealing measures
were to be required for PronojLWO dam, more detailed

survey will:have to’ be réequested to cope with the

'ﬁproblem.u

Permeability N

The Lugeon value for B 1 hole is high at over 10 Lu
down to the depth of 12 m, but in the portion deeper

_.than 12 m, 1t is generally 1ess than 5 Lu, The

Lugeon value tends to decrease ‘with increasing

{“depth.i At depth of 22 to ~27 m, it is 3 Lu, and at

_*‘-27 M or deeper 1t is less than 1 Lu. It is
'_presumed, however, that there are portions where
hpermeability is vefy high in the tuff breccia layer

at the depth bf -1y to -20 m as mentioned in the

section of groundwater level

“?B 2 Hole

B 2 hole wae drilled on the right bank of the
damsite as shown 1n_Fig.~2.3.l.
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._?= ﬁéep1o§i¢ai Conditions. &

0 to =2.7m : Reddish-brown soft clay

| containing a large amount of
grass roots and tree reots,
Highly weathered older Lahar
deposits portion used for
farming. '

-2,7 to6 -29.5 m : . Older Lahar deposits
consisting of greyish-black
‘coarse sand, angular gravels
and small amount.of silt.
Relatively well compacted.

-29.5 to‘-35.0lm: 7 Andeéite_of grey to dark

| _ grey color, hardiand _

porous. From -29.5 to -30.5

m section, weathered part of
browh pebbleﬁlike core
shapé; @ class, f'tom ~30.5
to -31.5 m, cracks show
brownish colbr; @class,
~31.5 m or deeper, cracks
are relatively fresh and rod

type core shape; @class.

-1 Ground water Level

Ground water level is stable at about -12 m; ground
water table is located in oldér Lahar deposits,
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Permeabllity

‘fLugeon test was carried out in andeSLte at =31, 5 to

—35 ‘m, a Large value of 25 Lu was obtained, As this

RT3 O

Efwas carrled out at shallow portion néar the bedrock
ﬂsutfaée, the permeablllty was high but the crack of

the core sample was relatlvely fresh. The low

'ﬁpermeable terraln seems to be located at shallow .
'places. , '

:B 3 Hole

VT,;B 3 hole was. drilled on the left bank of the damsite
. a8 ﬁh@wn in.F;q,ez-afl-

-};{ GeolOglcal COnditlons

";0---1 T Ladu deposits consisting of

_grey very loose volcanic
~ash, sand and angular
gravels. . '

‘Consisting of brownish
ﬂqravele;:sendy,si;;fana

seﬁd. Considered to be’
‘highly weathered older Lahar
" deposits.

L L

2107 t6.-8.3 m

-8.3 to 14,0 w i Gray, hara and porous
Co - andesihe. Cracks show
’fédﬁiéh'bEGWﬁreelor.‘“étom
8.3 to -13 m@class, -13
_ to <14 m core shape is
| “p_ebble-like and @ claee. '
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-14.0 to -16,0 ms Reddish-brown and soft.

Tuff breccia.
Generally pebble- llke core,
-14.2 to -15,3 m shows slimy

condition; @to @ class,

Other section CL class.

~16.0 to -22,0 m Grey, hard and compact
andesite,
From -16,0 to -17.0 m, it is
poor core shape and cracks
are somewhat weathered,
classified as @ class. But
at -17 m of deeper, rod-like
core continues, cracks are
fresh; classified as éi?
class.,

-: Ground Water Level

The groundwater level is stable at about =11 m; the
‘ground water table is located in andesite.

-: Permeability

Lugeon test was carried out in fresh andesite at a

depth of -18 to -22 m; 2.5 Lu was obtained.

2.3.4 EMBANKMENT MATERIAL SURVEY

The embankment material suﬁvey was carried out by

reconnaiSSance'for aggreagates and soil materials ang for

laboratory tests. ‘Phe reconnaissatce was carried out by Mr,
Uchiseto and Mr. Sasaki of JICA Study Team, and laboratory
tests were carr1ed out by ITB. Samples for laboratory tests
we;e collected as shogn in Fig.-2,3.1 Geological Map of Damsite
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.'and Fig.—z 4, 1 Geological Hap of K. Lengkong Fan. For the
details of the laboratory tests, please refer to the technical
reports which were submitted by ITB to Mt. Semeru Project.

Office.

(1) 5011 Material . |
*_Judging from the geoiogical conditlons of the wholé study
tarea, the soil material suitable in quality and quantity |
~‘for impervious, embankment 1g the weathered layer of the
- pertiaty formatlans only.: Fhe quantity of highly R
-~ weathered surface layer (partly Talus-like) of tuff is
f'{chnsidered sufficient. On ‘the other hand, from the_'
stanépéint of quality, the weathered part of green tuff
'1ayer and tuff breccia found’ 1n proper gra1n size
'distribution, are considered to be better but. as they are
-distributed very thinly on the steep mOuntainslde,

1fborrow1ng is- considered to be difficult “Thé highly
weathered. layer of ‘tuff, as mentioned fn the section of

'fgeology of damsite, is distributed exten51ve1y around the
damsite, and is the most easily accessible so;l material.
;For the abOVe reasons, in the present stuﬁy, goil tests
'-weré carriéd out to détérmine the soil’ mechanical properties
_Of.thﬁ.high%y‘WQéthQFﬁﬁslaYer of tuff., The test items and
Quan§?t595jaregéiven'in;?able-z.s,s. | -

~ Pable~2.3,3 Items ond Quantities of Soil Test

!yvfjliéﬁ?q_ {,;J,'it¥ o : Quantities

“Grain gizé:&jstribqtion ' -2
"ﬁatdtal watér‘cbhténtl _ 2
- P1asticity limit and Liquidity 2

_limit tests'

',_Compaction test PR 2

) 'Laboratory permeability test | 2
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~ The test methods employed are based on ASTH standards.
Table=2.3.4 shows the test results.
Table~2.3.4. Results of Soil Tests
Name of Sample _JW B
| | Br. Ar, I® Br. Ar. I
Item ’
‘Natural water content (W) 52.45% 104.66%
Spe01£ic grav1ty of 5011 2.70 2.66
Particle ' :
150 : :
- 5%’ 5% 262%
Grain size I IR
Analysis" ;\ = ¥ i ﬂ____f’_,ﬂ =
£ - x;;;\? gén:&sm Cif:y CL;’;P."’ a’n'&“_smh—_"-ﬁcm"
Liguidity 78.87% 120.90%
limit g :
consistency { Plasticity - 46.44% 84.94%
- : limit
plasticity 32.43% 35.96%
index - ) :
| Max. dry | 1.14 g/cm?2 0.72 g/cm?2
‘density . '
Compaction : ; y ,
test Optimum water 49,00% 87.71%
content '
_Laboratory permeability 1.76x1077 cm/sec 7.39x1d‘7

cm/s (WC:87.98%)

{WC:4%.38%)

i e e = e i
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Téble—2.3f5'ﬁesultS'of‘Sdii Test on the Highly Weathered
~Layer of Tuff in K. Lengkong Fan

— .TestPit : ~ .
Item, P-~1 P-4

In-sity permeability .'1}4 3.10“2cm/sec 1.3 % loﬂz‘cm/sec

:’coefficxent (R)

Natural water cantent B B9, 3y _ o 69}17% |

Specific grav1ty of [ 295 0 amn

f soil part1c1e:(Gs)_ o
. Pield denéity1(ft); . ‘;l 06 g/cm3 6.8 g/cm3

Grain size distributién| m av a%- mexy_nﬁxnos 30% ae;smsox 4zoxn‘:x

'4. LofEe ==

] [

L : ) 7 . iy x
' qrovel Co-orse Sond " Cloy qrﬂ'u! Co::rse and .. Glay
fane Sand _ fineSond -

. §&3%¥f';%5; } . 49%.
=== A =pre

Vy

Vw T Ya

Volume ratio of each Dy
component x

\\\\

L~(

sy | e

'Void ratio (e =-Ji;3:fl 3, 31 1?3;}3f,‘f”7i ~ . L‘, 4;55

porosity (u —%; X 100) L 75.6% . 4 82.38

Saturat1on 5at10

(s: e X 160) 52,18 | 40.2%
Ar voids . N | '

{Ualff%%.X.IOO)ﬂ_é o 37.0% : 49.23%
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~ The results of in-situ permeabillty and field denSLty tests .
conducted-on the highly weathered layer of tuff in K. Lengkong
are summarized in Table-2.3.5.

 Fr0m the test results as summatxzed in Table -2.3.4 and _
Table 2.3.5, the followlng can be ‘Baid of the highly weathered
layer of tuff

i) Contains vety-fine grains; natural water content
factor is very high. " As core material of a
rock=£ill Eype dam, it is very poor in workability;

- cracks: may océur.aftef_piling.

iij'_quu1d1ty limit is very hxgh- optimum water content
factor is also high. Max. dry density is very small
(some part is less than 1. 0g/cm3) .
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'iii); Field den51ty is very small; and v01d ratio is very
' large,'ln other words very loose.

.lioj*fwhen compacted at optimum water content factor, the
: permeability becOmes very small at around K = 107
cm/sec in spite of the very large 1n sxtu _
permeability coefficient (around K=1,3x10
-‘3*cm/sec) ' SR

-2

oY) This layer corresponds to VOlcanic ash clay soii
ﬁf(vu} according to the uniform Soil Classification
‘- 'standard of Japan; very similar in characteristics
"‘"to Kanto Loam.jf* ' S '
From the“forégoing}ithe’hibleﬂweathered layer of tuff is found
to be unsuitablé' as core material of a rock-£ill typé dam. If it
is uSed.aS"Sth}bo%rée,graih materials must be added.

N
VL _,ff_

(2) Aqgregates

-There are sevfmal layers 1n the study area suitable for
'aggregates as’ given below.i_; '

| 2) Younger Lahar deposits

-} “itf“tiv syaten
-_.djftnndé;ite ééﬁégarternary eyetem
'_iélilG?éenrtofrooélTextiary system
.Amonglthe.above 4.layers;.tne nost abundant around the damsite

.containing fine and coarse aggregates are younger and older
_1Lahar deposit. For the present study, laboratory tests were

°°“d“°ted on: only these Lahar deposits. The test items are:
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O N 5 - . - i
i) grain size distribution, ii) natural watet content, ill}
specific gravity and iv) watex absorptton. The sample
cal Map of

COlleCtlon poxnts are given in Fxg.-z 3,1 Geologi

Dam91te.

i)

Grain Slze Dlstr1bution

The grain size distribution test on Lahar deposits
was conducted at the K.B. Bang Basin, K. Mujur Basin
and K.B. Sat Basin, with 6 tests being conducted for

each place. Regrettably since the maximum grain
“size was limited to 4.75 mm for samples taken at the

K.B, Bang_Basih while for those at both K. nujur and
K.B. Sat Basins the size was 100 mm, the test
finding greatly dQiffered between R.B., Bang and K.
Mujur, K.B. Sat, For the larger max grain size
lends more reliability to test data, the test
findings at both K. Mujur and K.B. Sat Basins were
used to find grain size distribution of Lahar

'dePOSits. These test findings are given in detail

in the technical reports submitted by ITB toO Mt,
Semeru Project Office,

Twelve tests were carried out at both K. Mujur and
K.B. Sat Basins and their results are very close as

shown in the followihg grain size distribution.

Gravel : 70 to 80%
Corarse sand; 15 to 25%

4 to 8%

Fine sand
silt + 1 to 2%

Clay 1 0%

BRI S
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ii) Natural Water Content Factor
The natural water content factor of Lahar deposits
fis roughly about 5%. '
ciid) Specific'ctevity Nater Absorption
"5‘77fspecific gravity of sand of Lahar deposits 1is about

. 2,7; waterx absorption rate 15 1.5 to 7%, but mostly
_1 to 2%.‘_

From the foregoing test results, Lahar deposits, if fine grains
such as silt and clay are rembved, can be successfully used as
aggregates and rOck material for a conorete dam and rock- fill
_type dam 1n terms of both quality and quantity.

2.3;5’:dﬁb@héﬂuibgnfcdﬁSEﬁEhﬁTiﬁyf?:

Geetechnica;;ceneidetations 6f Pronojiwo damsite are given
below on (1) Strength, (2) topography, {3) petmeability, (4)
_embankment mateflal and aggregates and (5) volcan1c actlvities.

(1) fStrength o
) Since the strength of andesite in the alternation of
N andesite/tuff breccia exposed on the riverbed of the
-?damsite is expeeted to be 1arge (To = 120 ton/m
'estzmated)ewithlthe_thickness of about 10 m, the
“ﬂ¢COﬁs£:uct1bn’onCOnereEe:dam'of about 30 m -in height
fﬂeﬁay"Be’pGQSible; But ‘an - additional study must be
earried out on the pOSSibility of slipping at the
| "boundary between the tuff breccia layer with less
'“*ﬁstrength (estimated at 16 = 30 to S50 ton/m?) and strong
TR naesite layer.**"l '
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-1  Older Lahar ‘deposits c¢onsisting of clay, sand and

gravel layers on the left bank of the damsite is
relatively thin; thus it would be feasible to excavate
these layers allowlng a concrete dam body to be placed

_d{rectly_on andesite.

-: Older Lahar deposits distributed on the left bank are
well compacted and considered to be usable as
foundation of structure of 10 to 15 m in height.

?::'From the standp01nt of foundation strength and
topography cf the dam31te, constructxon of concrete
. dam of about 30 m in hezght at this site 13 possible,
in spite of some difficulties,

(2) Topography | _
=1 . As the left bank forms a small, thin trlangle shaped
hill, the dam height and its design will be restricted
by this topography. ' |

(3} 'Permeabilify _ o _
-1 ‘The permeability of alternation of andeSite/tuff
breccia is 20 to 30 Lu in weathered patrt of the
~surface portion and decreases below 5 Lu at around - 10m

~ or deeper. A highly permeable zone is exXpected in
porous .tuff breccia.

-1 Older Lahar deposits distributed on the right bank is
very compact, however, sand and gravel layer is thin,
and permeability is considered to be low. But there
might run pipe-like water-veins inside, contributing
to a dangerous possibility of water leakage after
completion of the dam. Sihce this may cause piping
failure, a further study mast be carried out on this
point.
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t- Ground water level 1s relatlvely hlgh - It is expected

that the ground water level on both’ the left and right
banks 15 rlsing along the ground surface.

(O Embankment Materials and Aggregates

-t The hlghly weathered 1ayer of tuff on which the _
ﬂripresent s0il tests. were’ carried out is sufficient in
\quantlty and easy: for borrow1ng, but the test results
show, it to be: 1nfer10r in quallty.. If they should be
fused as: imperV1ous materlal, it must be properly
'-treated before use. '

‘;éj;.Lahar dep051ts are regarded as practlcal source of
aggregates both in qualxty and quantlty.

(5) lecanie Activitiee

Since there aré traces of Pyroclastic flow (Nuee'

. Ardente, oy Lada) . which rushed down to Pronojiwo
Damsite in the past,’ there is a dangex of Pyroclastic
flow to PronOJiwo Damsite in the future.
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3.6 FUTORE STUDY THEMES

The following themes of geological conditions in Pronojiwo
Damsite and the related area should be investigated in the

future study.

(1)

{2)

(3)

(4)

(5)

No clear distinction can be observed in the distribution
of tuff breccia layer in alternation of andesite/tuff
breccia., The thickness of andesite'exposed on the.
riverbed is unknown. These exert great influence on the
stability of dam body., '

If a dam requires water sealing measures, high permeable
layer feared in the tuff breccia layer must be confirmed
and its continvation clarified.

Since the geological condition of the tuff layer which is
supposed to be distributed above the road on the left bank

“is not ¢lear at the present stage, question remains

whether this can be used or not as dam foundation,

Deformability and bearing capacity of older Lahar deposits
on the right bank and its permeability and resistance to
piping failure are entirely unknown at present, These

-exXert great influence on the stability of dam body on the

tight bank,

In constructing a rock-fill type dam, a survey for soil
material other than highly weathered tuff is necessary,

If there is no Other suitable'material, more detailegd
testing and study of highly weathered tuff would be
required as well as carrying out a study of the processing
and treatment wethod for weathered tuff, |



(6)
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it is necessaty to carry out a more detailed study and
testing on Lahar daposits as ‘a source of aggregates

{selectlon of guarry site, detailed testing of aggregates

such as stability and Losangels tests),

ERER I I RS
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2.4 K. LENGKONG FAN
2.4.1 :CONTENTS

In this section, information gained regard1ng the layers
comprising K., Lengkong Fan, its permeability and geological
structure as a result of the present study are discussed here
as well as general characteristics of K. Lengkong Fan as ground
water basin. These findings are summar1zed as basic
information for the analysis of ground water.

2.4.2 TOPOGRAPHY, GEOLOGY AND GROUND WATER OF K. LENGKONG FAN

K. Lengkong Fan, as shown in Fig.-2.2.1 Location Map of yhe
Investigation Sites, is located at the west end of the study
area and is the southern foot of Semeru volcano. The surface

of the study area, damaged by Lahar in 1977 and 1978, and
covered with sand and graVels of that time, is now waste land

with poor vegetation. Before the disaster of 1977, the area
was said to have been a rich paddy field.

(1} ‘Topography
K. Lengkong Fan, as shown in Fig.-2.4.1 Geological Map of
K. Léengkong Fan, is located on the foot of the southern
slope of Semeru volcano. The inclination of the slope is
about 2°, It is a smooth slope with no large valley
cutting in. On the south side of K, Lengkong Fan, the
Tertiary mountains composed of tuff and tuff_breccia are
distributed, Its mountain ridges, running roughiy from
east to west, have inteércepted volcanic products from the
‘crater of Mt, Semeru. K. Lengkong meanders down towafd '
west along the boundary between K. Lengkong Fan and
Tertiary mountains.



D - 117

: The incllnation of the riverbed of K. Lengkong changes at

a certain point near the downstream. On the upper stream

© of this point, thehinqlinat1pn of the riverbed is very

. _gentlé, Butfﬁhﬁthé'dﬁﬁngtfeam from there, the riverbed

(2)

“inclination sﬁoﬁs _tendenoy of gfdwing steeper, Near this
chang1ng point, a sabo dam named Tumpak Nanas is scheduled
fto be constructed | '

fGeology

ﬂ-,The geological “map of K. Lengkong Fan, prepared based on

 _ the geolOgical reconnaissance,_electrlc sounding and
'f_drilling surVey, is ngen in Fig.—2 4.1; geological

:Iproflle is glven in Fig.-2 4.2, Fig.-2.4.3 and

 .fF1g “2, 4 4.. Also Fig. -2.4.5 gives schematic geoloqical

':profile. As ShOWn 1n these figures, K. Lengkong Fan 1s

";}3compfised of layers summarized in Table-2,4.1 Sequence of

VStrata of K Lengkong Fan.
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Table-2,4.1 Sequence of Strata of x._Lengkong Fan

Age Layer Components
Quartecnary Riverbed deposits " preseéntly mov1ng sand and-
Period ' . gravels along river
- coutrse.
Younger Lahar Loose sand and gravels.
deposits ) ' '
Pyroclastid | Volcanic products
deposits directly issued from the
crater,
Andesite iava ' ~ Andesite lava,
Older Lahar : Well compacted sand and
deposits _ gravels. _
Tertiéry : Tuff : ‘Soft tuff, tufficious
Period i sandstone and tuff
’ breccia.
‘With thick weathered
layer.
Alternation of ~Alternation of hard,
Andesite/Tuff  compact andesite and
Breccia : . comparatively soft and
_ porous tuff breccia,

i) Alternation of gndésitg/Tuff Breccia

The existence of alternation of andesite/tuff
breccia not exposed on the ground surface in K.
Lengkong Fan is estimated by electric sounding. Its
resistivity is over 10,0000 m, and it is found at
around -60 to_—éo'm depth in the west of K. Lengkong
becoming shallower toward west, finally being
~ exposed on the. riverbed of K. Lengkong near -
Prono;iwo Damsite. On the east of K. Lengkan Fan,
. the distribution goes deeépetr, possibly to the depth
N of 100 m or below. ‘
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Alternatlon of andesxte/tuff breCCLa is, accordlng

- to the Lugeon test results at Prono;:wo Damsxte,
fless than 1 Lu (K = 1 X 107° cm/sec) at the deep

fresh’ part which may be cons1dered as an 1mperV1ous

‘”flayer but there are some very porous 1ayers in tuff
fbreccia whlch may let ground water pass easily.

'JTuff

sTuff 1ayers distrlbuted at the foot of the Tertxary

:§¢mounta1ns opposite K. Lengkong Fan ‘and plateau-like

}dhill 1ocated west of the: fan are. compOSed of these

tf31ayers.g Also they are expOSed ‘at two spots in K.

.JLenqkong Fan.;,The laye:s show loam-like conditlon

.. on.thé. ground surface ‘duie to weather1ng, and

tuff1c10us sandstone and tuff ‘breccia are
1ntercalated._ The resistiv1ty of the layer is very
low at 1 to 30 .  This layer overlies the -

talternat1on of andesite/tuff bréccia; its thlckness:
”is greatly varled and 1s partly miss1ng wh11e the

s thlckness reaches as much as over 80 m on other

parts.: l.!j::,‘ Cor

'Weathered surface part of thlS layer wh10h is very
"51milar to loam, contains much silt and clay and its

.rfrate is about 40 to 50%.' Insplte of the existence

,,,,,,

"fffthe surface is very large at ‘s ¥ 10 “3 cn/sec

?‘according to the 1n situ permeability test._ Because

'?;void?ratio of the weathered layer near the ground

_surface is 1arge at 3 1 to 3 7, soil fabric may be

e considered Very pOrous. B 11 penetrated the surface
: ’1ayer of tuff at 55 2 m deep. According to the core

sample of B 11, the surface layer of tuff has turned

'“”Linto soft black clay includrng some organxc contents.

H s; ‘,
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Incidentally the permeability coefficlent when the

~ soil layer: is compacted under the optimum water
'content is K = 10 cm/sec. From this, the
'permeability coeff1cient of this layer under great

a

load in underground 1s estimated to be at about K =

10" -6 to 10 =7 cm/sec. From the foregoing, the

tuff layer can be regarded as an impervious layer at
depth.

" Spring water is observed at‘seyeral‘peints along K.
-~ Lengkong where gtouna Watef'pdurs out from pipe-like
- watervéin (diameter is 1 - 3 ¢m) in the weathered

1ayer'6fgtufft~ This indicates the existence of
ground water moving through the pipe-likeé watervein
in the weathered layer of tuff.

Older Lahar Deposits

older bahe;:débBSits coneist of relatively well

compacted sand and gravels with its resistivity very
lerée at 7,000 tblzo,éoo qam at ary portions above
the grounad water level, dropping Sharply'to 50 to
600 @m at wet portions below the ground water

1eve1 Also because there are many parts where
re31st1vity of less than 100 @ is W1dely observed,
it is supposed that older Lahar deposits in K,
Lengkong Fan conta1n mostly much fine materials such
as silt. Among older Lahar dep031ts, several high
reSLStiVIty layers are observed, but they are not

:centinuous. This 1ndxcates that elder Lahar
;deposxts are composed of accumulation of very
eirregular tongue shaped stratum. These strata may -
Giconsist of various layers from silty to very n
.Hcoarse. Among older Lahar deposits in K. LengkOng
-Fan, andesite 1ava may be intercalated in some

portions.
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' Older Lahar deposits bury an01ent mountalns

o cen31st1ng of Tertxary formations and its thickness

is as much as over 100 m wlthln the study area.
Older Lahar deposlts are relatively well compacted
‘and their permeablllty coeff1c1ent is assumed to be
abOUt K =. 10" 4 cm/sec. As some. very coarse layers
considered to be autobre001ated lava, coarse and
loose Lahar or PerQIastic deposits,'etc. are’
presumed intercalated ‘in order Lahar deposits,’ the'
permeabillty of older Lahar deposits is considered

to véry largely frOm layey to layer as K s 1072 to

'*r10 4 cm/sectu hs a’ matter of fact B-11 hole

iv)

penetrates some coatrseé layers and fine layers in
Older Lahar. deposits. S :

Paddy Clay L .
COVering the older Lahar depOSits, the dxstrxbut1on

'_ of paddy elay is lxmited to western part ‘of L.

Lengkong Fan. Before the' dlsaster of 1977 K.
Lengkong Fan was a rich paddy farming area; traces
0f paddy clay can still be ‘found today. '

e max] thickness ‘of paddy clay is about 3 m
with flne grains of silt and clay occupying nearly

'sfﬂae%fetfit *“its permeability coefficient is small at

v

“Por this’ reason, paddy clay

, aots somethlhg'like a‘sheet to prevent infiltratlon

of rain water to underground

Younger Lahar Depesit

| Younger Lahar depOSlts dlstributed ‘over K. Lengkong

- Fan were deriVed from ‘Lahat - of 1977 and 1978 and

consist of sand, silt and gravels of low
_pCOmpection.a_The aximum thickness of the layer is 4
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to 5 m which is not very thick. the layer contains
about 3% fine sand and silt ‘and void ratio is
relatxvely low at 1.1 For this reason, the
Petmeability coefficient is small at about K = 5 to

4 0x 10 -4 cm/sec,

Pyroclasticloeposif

The$¢ afe_ptgdths from the crater of Semeru volcano
and parasith;volcanoes which have not moyed-by
precipitation. They consist of very loose volcanic

ash, volcan1c sand, pumice, lapili, angular
boulders, etc. These deposits are dzstributed over

the atea 800 m above sea level nearly 2.5 km north

of K. Lengkong.

andesite Lava

Andesite lava is distributed in the area about 3.5

km north of K. Lengkong extending northwest to

southeast about 2 km in width and about 6 &m in
length. According to the observation of outcrops
aiong'K.B. Kembar, the thickness of the lava_flow is
20 to 30 m and is very hard and compact andesite in
the inner part. Clinkers comprised of breccia of
several_meteis-is‘destributéd in upper and bottom
parts, There are many springs at-the-tip of'this
andesite lava., It is'suppbsed that ground water
flows down through waterveins in the'very pOrous'
clinker at the bottom of 1éva.
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-1ikj 'Talus Deposits |
1fTalus deposxts are observed on the west bank of K.
ff;Lengkong where the tuff of the Tertiary formation 1is
::fwldely dlstributed Thelr maX1mum thlckness is
_ ?lfestimated to. be at about 10 m. The entire surface
'~mflayer of tuff is hrghly weathered and the weathered
i portion. seems. to have somewhat creeped. But Talus
trdep031t, shown in Pig.=2.4,1 Geologlcal Map of K.
'Lengkong Fan, represent only those portzons _
'“fapparently mbved and re- deposxted. “Talus deposits
';?icons1st mostly of reddish- -brown clay and often '
1l;conta1n large boulders of tuff bre001a of 2 to 4 m
".]jin diameter. -
‘rixjui“giverbed Deposits : _
:"fﬁThese are F'nd and pebbles presently moving on the

) 7,:;riverbed by?the flowing water.. 1he thickness is
'*J_f}about 1 to 3 m.r

f;{35{fGeological Structure

‘*n‘Next, geolOglcal structure of K..Lengkong Fan will be
_discussed. RRAEE P B :

3 e,was Eormed by depos1ts of volcanic

_ | produots from Semeruuvolcano over the ancient mountains of
i Tertrary system“"The base Tertlary formations may have

R ] i Vfarge faults which would substantially
ﬂiffffeotithe groundfwater movement are considered

. _ffnon- xjstent because of the surrounding topography and
“ff;fgeologlcal structure. 'Al8o in thé Tertiary formations,

‘ '”{the bedding planeiis roughly horizontal although there is
”ocal undulatiOn ‘but without any anticlinal or synclinal
truoture of any large siZe._fﬁ -
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-.The plane of unconformlty between older Lahar depos1ts and

Tertlary formations, that is, the surface of an01ent

-mountalns cOnsistxng of Tertlary formatlons shOWS a shape
" of ground water basxn of K. Lengkong Fan._ Thls is shown
in Fig.-2.4. 6.1 As observed from thls, a long narrow rldge

of Tertiary formatiOns extends from south to north, and

"part of the r1dge is eXposed to the ground surface 1n K.

Lengkong Fan.‘ Thus the ground water basin of K. Lengkong

Fan 1s leldéd by the r:dge.ig:‘f

Older Lahar deposxts and younger Lahar deposits con51st of

gsand, gravels and 31lt. are piled up randomly and
Tcontinuatlon of each stratUm 1s very poor. But the
_structure of deposits is considered incllnrng from north
dto SOuth roughly 1n parallel w1th the preSent ground

surface of rhe fan, because volcanic products are be:ng
spauted from the crater of Mt Seneru.‘ No faults and folds
‘rved due to the tectonic movement 1n older Lahar

~{deposits'around K Lengkong Fan.

Ground Water:!‘if“?-

1;In the dry season of 1982,-on1y small amount of spring
_ water was observed at several spots below 830 m above sea

level in_K, Lengkong Fan, but none at hlgher than EL.

‘_830:-VA190rFK B.; Kemﬁar'flowing through west of K.,

Lengkong Fan becomes a dry r1ver at above EL, 820 m but

the. water was observed flowing at lower than EL. 830 ™.

This seems to indicate the existence of a changing line of

'ground water level at around the elevatiOn of 820 m.
,.Spots of spring water are;pbserved distr1buted in an arc

shape along near EL 830 m counter line on the slope of the

'volcano. One of the reasonsis that the 1nolination of the
_slope of Mt. Semeru changes at around EL._BOO m. In other
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‘words, above EL. 800 m steep Ladu fan is dlstrlbuted and
relat1vely slow Lahar fan is. dlstrlbuted below EL. 800 m.
‘Thxs phenomenon cannot be explalned by topographlcal
features only, for 1t may be 1ntimately related to the
'hydrogeologlcal structure of Semeru volcano.

: Accord1ng to the results of dr1111ng survey, in the area
near K. Lengkong, the ground water level is located at a.
shallow depth of about -1 to <4 m. As the elevation gets
hlgher. ‘the ground water level tends to go deeper. Also
similar trend 1s observed Eor the ground water level of

wells 1n vxllages 51tuated 1n east of K, Lengkong Fan. At
wells near 800 m above sea 1evel, the ground water level
is shallow at -1 to —0 5 m and many sprlngs are observed
around the area. As the elevatlon decreases, the ground
_water level goes deeper at EL. 750 to 730 m, the ground

water 1evel is 1ocated at a depth of -3 to -5 m, As the
elevation further drops and gets closer to K. Lengkong,

the ground waker level rises again and stays at a depth of
about -1 m, The ground water level of these wells were
measured in the dry season of 1982. According to local
inhabitants, the'groundrwater-leyel usually rises about 1
m in the rainy season. g

volcanic products of SemerU'VOlGEno including older Lahar
deposits are deposited largely in parallel with the slope
of the present volcano body.'_Ground water is believed to
be regulated by this stratlfled33truoture of

- strato-volvano. Also in'thiS'stratifieo structute, many
water veins are thought to be formed in old valleys, lava,
coatse Lahat deposits. etc, ' '
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2.4;3'-INVESTIGATION'QORKS AND TESTS

:'At K. Lengkong Fan, 1nvestlgation works and tests were carr1ed
out ‘as ‘shown in Table 2 4.2. The location of investigation
works anéhéample collectlon polnts are shown in Fig.-2.4.1
_Ge01ogica1 Map of K. Lengkong Fan. Investigation works and
tests were carried out by 'ITB, and synthesis was carried out by

JICA Study Team members.

.:Tébié—z.ﬁ,z 'items and Quantities of Gebldgical
. '-"_-:.,-_xnvestlgatlons and Tests at
K. Leéngkong Fan

‘ifem_.:_ _ | ' ' | Quantities
:pgfihgk£5 §¢§.;;h :.“ m;_uf‘,. . . 8 boreholes, total 103 m
Electtfé”ébﬁﬁﬁiﬁg 'ﬂfi'7:¥  Sl a = 200 m, 50 points
In- 31tu permeabllLty tééﬁwt_" | | | 5 poinﬁs'

F1eld density test I DR | . 5 points
'Laboratory sozl test | 5 samples

{1},§Electrlc Sounding ;
‘An’ outllhe of the: ‘results of analysis of electric sounding
is given below. The results of analysis of electric
: sounding are given in ‘the Geological Profile of Fig.-
=2.4;2;5FiQ;L2}4:3a“F1§.;Q.4.u.J
) The resistivity layer of K. LengKong Fan is

i Classifxed into’ the” followlng 6 layers as shown
. next. .
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Table-2.4.3 Resistivity Layers of K. Lengkong Fan
Resistivity | Resistivity Thickness Geology
Layer {Dm) {m)
S | 35 - 20,000 75| Younger Lanac
: deposits or top soil
of farm land
It 50 ~ 600 (> 40) | Older Lahar deposits
111 13- 50 - (> 15} Highly weathered
- portion of the ,
Tertiacy formations
and its deposxts
v 1 - 13 (> 20} Tertiary basemeént
' {clay and mudstone)
v 14 - 30 ' - Tertiary base (511t
: - ' and mudstone)
Vi >1,000 - alternation of
' ' andesite/tuff breccia
ii)  Resistivity LaYet 1 is classified into the areaswith
over 2000 2 m and under 1009 m. The former is
distrlbuted from the center of Kali Lehang Fan to
the western area and thé latter to the ¢astern area
and the foot of Mt. Kukusanseriti.
iii) Resistivity Layer 11 is further sub-divided into

iv)

several thin resistivity layers, but they are
untraceable layers, however. Resistivity Layer IT is
located moétly below the ground water table and is
highly permeable.

~Resistivity Layer III is limited to the area from

the foot of Mt. Kukusanseriti to Kali Lenkong Fan.
This layer is considered to be an aquiclulde layer,
but this assumption must be confirmed by other
geological surveys. '
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v)'_Res1st1V1ty Layers Iv and V were detected at the
ifoot of Mt.UKURUSanserxtl.' Re31st1v1ty Layer IV is
rmpermeableuand rlcher in clay mineral than the
4 resrstivity_Layer III.

vi) ResistiﬁitffLayer V is also impermeable.,

vii) .Resistivity Layer vI havrng the highest resistivity
o value is 11m1ted to the western area of K. Lengkong
Fan. This 1ayer corresponds to alternation of

andes1te/volcanlc bre001a.

| Drilling Work

The dr1111ng work was carried out by ITB and the
observat1on of . core samples was performed by Mr. Sasakl, a
member of JICA Study Team, in charge of land conditions.

. An outline of core observat1on ig glven below._ The

' results of observat1on ‘are summarlzed in Fig.-2.4.7
Geological Log. For the detaxls of drilling work, please
refer to the technical reports submltted to Mt. Semeru
Pro;ect Offlce by ITB.: These boreholes were completed as
observatron holes and the groundwater level is now under
observatlon.( As for the results of B-11 hole, please

i'refer to Part - C Ground Water.‘;

BT H<>1e

B+4 hole was drilled on: the rxverbed of K. Lengkong
as shown in the geological map of K. Lengkong Fan,
where construction of a sabo dam of Tumpak Nanas is

B ' : pj-anﬂed. R
-1 Geology. :
__O to - 0.6 m: Dark greyish-black coarse sand

. and gravels.
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-6.0 to -7.8 m: Light grey sand and gravels
' and small amount of silt.

-7.8 to -9.0 m: Dark brown compacted clay
mixed with gravels. Highly-
weathered layer of tuff.

9.0 to -10 mt Reddish-browﬁ compacted_clay.
' Highly weathered layer of tuff.

Ground Water Level

While drilling B-4 bole, confined ground water
sprang up. After cOmpletlon of the hole the
water level rose 30 to 50 cm above the level of
surface of river water.

While arilling, when a steel casing was inserted
to -5.5 m, abOut 50 1/min. water sprang out,

The simllar condition continued down to the
depth of -10 m where spring water stopped when

'the steel casing was pulled out. After that,
' PVC pipe with stra1ner was installed in the

hole. Then the mouth of the hole was covered
with a metal pipe cap. when a concrete slab wés
placed around the hole, the water level in the
metal pipe at the mouth of the hole started to
rise stabilizing at 30 to 50 cm above the water
surface of the river,

This indicates that_confinéd ground water flowed
into K. Lengkong from K. Lengkong Fan consisting
of older and younger Lahar deposits,

B~5 Hole
B-5 hole was drilled in K, Lengkong Fan,
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-1 Geology |
.O‘Eo‘-3.5'm: Light gray, loose silty sand
with gravels, Younger Lahar
deposits.

-3,5 to -5.0 m: - Dark brown, relatively stilf
clay with much organic
“substances. Paddy -clay,
before disaster, -

-5.0 to -6,0 m: Dark brown, soft sandy clay
a with much organic substances.
Paddy clay before disaster.

-6.0 to 7.0 m: Dark brown, well compacted,
coarse sand with some clay. .
Older Lahar deposits.

-3 G:bﬁnd_Water Level
The ground water level situated at a depth of
~4.6 m at the time of hole completion., It is
‘located in paddy clay layer.
iii) B-6 Hole

B-6 holé was drilléd in K. Lengkong Fan.
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Geology

0 to -3.0 m:

—3;0 te 5.0 m:

Ground Water Level

' 8ilty sand mixed with grey
loose gravels. Younger Lahar
‘deposits. - '

Black to dark grey silty sand
mixed with fine gravels.

- Older Lahar deposits.,

. The ground water level was at a depth of -4.8 m

!B;j’

6.0 to ~7.0 ms

Hole"

,at the-timefof=cbmpletion. It is located in
older Lahar deposits.

thé’wagfdfifléd in K. Lengkong Fan.

Geology. o
.OTtOHF3,3 m g

-3.3 to -5.0 m:

Sil;y sand mixed with grey

. loose gravels. Younger Lahar
. deposits.

Darg brown, a little compact

clay. Contains a large amount

_of organic substances, Paddy

"_‘biabeéfofé the disaster,

-5.0 to -6.0 m:

; ba#k'browh;'86ft Saﬁdy clay.

Contains a large amount of

organic matters. Paddy clay

before the disaster,

Coarse sand containing some
dark brown compact clay.
Older Lahar deposits,
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-t Ground Water Leval
\ _Thé_groﬁna waéer ievel was at a depth of -4.6 m
at the time of completion. It is located 1n

paddy clay.
B-8 Hole |
B-8 hole wés.drilled in XK. Lengkong Fan,

-t Geology |
0 to -3.7 m : ~ Sand mixed with grey loose fine
' gravels. Younger Lahax
deposits, '

-3,7 to 5.3 m: Brown soft clay containing a
large amount of organic

substances. Paddy clay before
the disaster.

25,3 to 6.0 m:  Dark brown sand mixed with
' ‘gravels. Contains some clay
and compact. O0Older Lahar
deposits.

-: Ground Water Level

The Qrouhd waﬁer'level was at a depth of -3.0 m
at the time of éompietion. This is located in
younger Lahar deposits,

B-9 Hole

B~9 hole was drilled in K, Lengkong Fan,
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-z Geology
0 t0-4i5 m H

4.5 £0-5.0 mt

Silty sand mized with grey
loose gravels. Younger Lahar
deposits.

Reddish-brown well compacted
clay containing a large amount

 of organic substances. Paddy
" clay before the disaster.

é::-Ground Water Level

| The ground water 1evel was at a depth of -1.3 m
" at the time oflqomplet;on.' This is located in
~ younger Lahar deposits,

vii) B-10 Hole

 B-10 héle was drilled in K. Lengkong Fan.

-+ Geology

0 to-0.6 m . :

-0.6 to -3.8 m:

~8ilty sand mixed with light .
. grey. loose gravels. Younger
 Lahar deposits,

Darkjﬁéddish—broﬁnﬂwell

~ compacted clay, containing a

- 1argéfamoqnt éf'organic

substances. Paddy clay before
the disaster.

Brown, well compacted sandy

."clay containing organic
:substances. Paddy clay before
o :the 6isaster.‘ -
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-4.4 to 4.8 mi Dark brown well compacted clay
mixed with gravels, containing
organic substances. Paddy clay
before the disaster.

-4.8 to.S.O m: -Reddish—brown cousdidated
| coarse sand., Older Lahax

deposits.

-3 Ground Water Level

The ground water ievel was at a depth of -1.5 m
at the time of completxon. This is located in

paddy clay.

In-situ Péermeability Test and Soil Test

The in~situ'permeébilitf test was carried out by'ITB and

the results of the test used in this report were
calculated by members of JICA Study Team. The results of
the field density test and laboratory soil test carried
out by ITB were used in this teport. For details of the
tests, please refer to the technical reports submitted to
Semeru Volcano Office by ITB.

The results of the in-situ permeability test, field
density test and s0il test are summarized in Table-2.4.4.
The following are obtained from the table, |

i) Younger Lahar Deposits

The pérmeability COéfficient is 5 to 4 x 10”¢
cm/sec., a small figure for sand/gravel layer. This
may be due to the fact that 30% of this layer is
comprised of fine sand and silt, and voig ratio is
small at about 1.1, s0 that pores between coarse
grains are filled with fine pariicles.
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ii) Weathered Layer of Puff (Loam Like}

The permeabilxty coefficient of weathered tuff is
about K'= 1’ x 10 -2 cm/sec., a remarkably large
figure fot the grain size distribution (40 to 50% of
silt and clay) ‘and is larger than that measured in
younger Lahat deposits. This is ‘due to the fact
that void ratio is remarkably large at 3.1 to 4.7
and fabric of soi} 1s very porous. But since it is
a portion exposed to the ground surface, it has such
high porosity. Where it is compacted in deep
underground-subjécted to heavy load, it is expected
to be compact and have a very low permeability
coefficient (K = 1078 to 1¢ =7 cn/sec. approx.)

as mentioned in section 4.2.2. This léyer is
believed to play a substantial role in impetvious
layer when it is located below thick Lahar deposits.

Paddy Clay

te
mbe,
(.
S

Paddy claf“is distfibutgd on the bbundary between
‘older Lahar deposits and younger Lahar deposits.
This clay abounds in very fine grainé i.e.: 58%
silp and 19%:clay with the permeability coefficient
low at K = 8 x‘lO-s.cm/sec.

2.2.4 HYDROGEOLOGICAL CONSIDERATION

The ground water level in K. Lengkong Fan is generaliy:shaliow,
located at a depth of about -1 to -5 m from the ground surface,
-Withla small seasonal_variatiOn bétween_the dry and rainy '
seasons of as little as about 1 m accroding to the local
inhabitants. Also'thére is a place where confined ground water
flows into K. Lengkong from K. Lengkong Fan.
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From the standpoint of . grOund water basin, on the west of K.
'Lengkong Fan, Tertiary basemént ridge, an .impervious layer, runs
‘from south . o north. on the east side of the ridge, a large scale
underground basin is assumed to extend extensively. Ground water
on the east side: of this underground ridge is thought to be blocked
by this fidge.'- e R

older'Lahar dePOSits, main body of pervious layer, consist a number
of discontinuous layeérs.  Its hydrogeological structure is greatly
varied but ‘froi an overall point of view, it is believed to be a
strafied Struéture'with many ground water veins in many layers.

Althoughfpefméability’Coeffioient of Lahar deposits is very small
(about K = 5 % 10“4 Cm/sec.) according to the in-situ

permeability tests, older Lahat deposits may be intercalated with
IBIthy pervious -layers :such: as autobrecc1ated lava, very loose and
coarse Lahar or- Pyroclastic ‘deposits ‘composed of mainly angular
bouiders, etc. So that the permeability of older Lahat deposits is
assumed to: vaty largely from- layer to layer as K = 10" =2 to 10'4

cm/sec.,

The surface'layet Of-Tertiafy basement is comprised of highly

" weathered: tuff: according to. the results of B-11 hole and it is
consxdered to: have a small. permeability coefficient of K = 10 -6
to 10 -7 cm/sec. according to the laboratory soil tests., It plays
a major role in impervious basement 0f K. Lengkong ground: water
basin, as for the ‘detailed hydrogelogical con51deration, please
refer :to’ Part c Ground Water,

I
R

2.4.5 FuTuRE sTUDY THEMES

Through the'present study;fthe general geological condition has
been investigated, but it did not fully clarify the hydregeclegical
structure of K. Lengkong Fan. There ‘are, therefore, many points
thao_should be clarified in: the-future; The unclarified points are
1isted below ‘as themes for future studies.
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The present study was carried out in a comparatxvely SRR

narrow range along K. Lengkong the regional shape of the .
ground water basin is not known., Therefore, it is
necessary to expand the range of study to includé the
whole area of the fan and study the geological condition
of the whole K. Lengkong Fan.

Because of lack of successive records of ground water
levels, it is necessary to carry out the observation of

- ground water level for a long period of time in-the future

and collect data. Also it is necessary to arrange ground
water observation points in the whole K. Lengkong Fan as
well as in the neighboting area.

Also it is necessary to learn hydraulic coefficient

. (permeability coefficient, transmissibity, storage .
‘specific capacity and etc.) of older Lahatr deposits which
- is beliéved to be a pervious layer and its optimum

specifié yield, PFor this purpose, pumping test must be -
carried out using deep boreholes.

It is necessary to confirm the quality of ground water in
great depth, to learn the relationships among ground

“water, river water, rain water, etc., for studying the

source of ground water.
In case ground water of K. Lengkong Fan is developed, it

is necessary to clarify its effect upon the wells of the
surrounding villages.
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