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6.2 LONG TERM SIMULATION

6.2.1 CONDITIONS OF SIMULATION

Under the following conditions, the base flow simulatfon for a
10ngftérm period was carried out, using the model verified in

Section 6.1t

(1) npischarge reference model;

- ngojedang Intake for Unit M, ﬁ. Mujﬁr'
- K. Lepiak.No. 1 Check Dam fof Unit R, K. Rejali
- Planned Pronojiwo Dém for Unit ¢, K. Glidik
(:) Simulaéién ﬁe;iod{
30.yea:s, ffom 1953 to 1982

(:) Monthly rainfall data used;

- Besuk Sat for Unit M, K. Mujur from 1952 to 1982

- _Curah Kobo;an for Unit R, K. Rejali from 1952 to
1982

- Supiﬁ Urang for Unit G, K. Glidik from 1952 to 1982
{Data from 1952 to 1969 is estimated by
correlation to Curah Kobo'an)
6.2.,2 SIMULATION RESULTS

The simULQtioh results of long-term base flow are shown in the
| fgl;pw}ng flgures and tables.
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(:) rig.~5.15 t Annual Mean Base Flow

(:) #lg.-5.16 : -Annual Mean Monthly Base Flow
Distribution

(:) ¥ig,-5.17 ¢  Annual Meaﬁ‘Monthly'Base Flow and
Rainfall Distribution

(@) rig.-5.18 : Monthly Distribution of Base Flow
and Rainfall

(:) ~Table-5.11 : Characterlstlcs of S1mu1ated Monthly

' Base Flow
(:) Table-5,12 :  Computer 0utput of Long~term Base

Flow Simulation

From these figure% and tables, the Eollow1ng characterlstlcs of the
base flow discharge are symmarized:

(:) Among three points,-the'higheét amounts of mean base
flow and specific mean base Flow are obtained at thé
planned Pronojiwe dam site of K. Glidik. The fluctu-
ation coefficient is the smallest at the same site,
This means that the area upstream of the point
possesses. 4 greater natural reservoir in the Mt,
Semeru’ than the ohhers-

(E)' The periodiéity of the monthly base flow is noted
although the interval is not one but two or three
years) | |

(:) The flyctyation of the annual mean monthly base flow
is rather leveled due to the reason statea avae ;n :

@
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- (@) The fluctuation of the annual mesn hase flow can be
said to be small judging from its fluctuation c¢o-
efficient (slightly lower than 20%),

Table-5.11 Characteristics of Simulated Moﬁthly Base Flow

g T iy

_ : Items Q gn Cf s 9 3
Reference Point 1 twiss) | d/s) | (DL | (w7 /s/kat )
(M) Intake Rowojedang 0.898 | 0.258 |0.287 | 0.013
- of Ky Mujur : o |
(R) Leprak No. 1 Check 0.992 | 0.309 |o0.312 | 90.036
' "Dam of K. Rejali

planned Pronojiwo 2.648 | ¢ 0.276 0.045

(@)

Dam of K. Glidik

0.681

Noteé: Q
on
Ce
q

Monthly mean base flow

Standard deviation

Coefficjent of fluctuation (n/Q)
Specific mean base flow (Q/area)
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APPENDIX

Observed Rainfall
& Discharge Data
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1. INTRODUCTION
1.1 OBJECTIVE

The principal objective of this hydrogcological study is to
delineate thejgroundwatet system In the gtudy area. This study
results will be contributed to the evaluatfion of greundwater
development potential at the prospective gites, closely related
to the project feature of sgediment control work.

1.2 BACKGROUND

The study area located in the éoatheastern slbpe of Mt., Semeri
has abundant rainfall amound {n rainy season, hut the shortags
of irrigation water appears more or less in the certafn aresa
during dry season. '

Groundwater is recognized as the stable water resource in com~
parison with surface water, and ig expected to the one of
solutions to resolve this shortage of lrrigation water.

It is necessary that the prospective slte will have an adequate
groundwater basin abructure to store eriough capacity of ground-

water,

From the viéwpoints of topographical arid geological conaitions,
the K. Leﬁgkénq_basinilocated in the gouth of Mt. Semeru will
be recognized as the main target of groundwater development
potential.’ | | '

Moreover,‘ﬁhe,K}_Lengkong basin will Le included into the
first priority project area of XK. Rejali.



1.3 STUDY ITBEMS

Hydrogeological study consists mainly of geology, groundwater,
water quality and these integral interpretations, and also
depénds on hydrbldgy,'watér‘and land use, and so oOn.

Taking into consideration the above-mentioned study results,
this report will be dealt with the following study items;

(:) Groundwater Level

- Well 1nventory
- Observation of groundwater level
- Interpretgtlon and consideration

@ Water Quallity
- Simplified water guality test; pH, T, DO, EC,
Turb, '
- Chemical ana1y31s, Na, K, Mg, Ca, cl, 504, HC03,
etc. . _ _
-~ Hydro- geocnenlcal 1nterpretation
- Water quality evaluation for use

(:) Hydrogeology of K. Lengkonq Basin
- Hydraulic propertles; Groundwater table, Permea-

bility, etc. ,
~ Delineation of groundwater system, Aquifer, Ba31n

strUcture, Groundwater movement, etc,
- Panorama for groundwater development

Flow chaxt of these field works and studies are as shown in
Fig.-1.1.
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1.4 OUTLINES OF THE STUDY AREA

Before entexr the groundwater and water guality studies, we
will mentioh‘bricfly about topography; gedlogy,_anq'lanﬁ use,.
because these studies are closely related with our hydrogeo-
logical studies.

1.4.1 TOPQGRAPHY

Mt. Semeru is located about 100.km southeast of Surabaya ahd‘
about 30 km west of Lumajang.(IOng. 113°E, lat. 8°S); the study
arga covers the southern and southeastern slopes of this moun-

tain with an area of about 730 kmz.

Mt. Semeru, one of the most active voléanoes in Indonesia, is
a very young stratovoldano of the Quaternary pericd and stands
at the southern end of a series of volcanoes stretching noxth
and south., This range of volcanoes is generally divided into
three topographical units; Tenggat mountains; Jambahgan complex
volcano and Mt. Semeru, from north to south (Fig.-1.2),

KEY MAP

STRAIT OF MADURA

Ni Zemsra

LEGEND

ngger Mouatain Ranje
+ Jambargan Volcanie Complex
| Semery Volcana A
. Tertary Mountaing

e | Preguintd Trarsvend Favltiooe

INDIAN  OCgAN

Fig- 1.2 Schematic Gzomorpholegical Unit Map of Tengzer —
Semecy Volcanic Row



Mt. Semeru is the youngest of these volcances and is being
formed on the southern sloPe of the Jambangan complex volcano,
which is the oldest.

On the south of Mt. Semeru, a range of mountains is found, con-
sisting of Tertiary rocks with an elevation of 200 m to 1,000
m. - The piedmOnt of Mt. Semeru develops extensively from east
to southeast and reaches as far as Lumajang; however, its
development tOWards the south is interrupted by the Tertiary
mountalne. The slopes of Mt. Semeru extending towards ‘the
north are formed covering a length of 2, 600 m over the
Jambangan volcano.

(1) Southeastern Slope of Mt. Semeru

-The southeastern part of Semeru VOlcano, a subject area
of the current study, can be divlded into the following
3 geomorpholégical units,

1) 'Main Part'of the Voicanic Cone_
Main part of the volcanic cone is over EL. 1,500 n,
where voicaniC-activityfof Semeru Voléano.directly
- affects.. Pyroclastic flow, ash fall, lapilli,
=volcanlc bomb and lava etc. spewed direotly from
the crater, are distributed over this area and its
D lnCl1nathn 13 very steep at 27 degree.

ii) Voicaniolﬁan ' |
The‘voicanio fan ie_the slope between EL. 150 and
.. 1,500 m, where Lahar and Ladu disasters mostly con-
centrate.. The volcanlc fan is claes;fied, ags shown
in Table l 1.



fablo-l.1 Geomorphological Subunits of Volcanic. Fan:

3 ' e - . . et .
Geomorphological | eontion 7 Slon.
Subunits ' DQﬁositS. Elevation. / P

: ‘lava flow -
Ladu Fan : pyroclastic flow | EL. 800 to 1,500 m
' ' Lahar - '

T EL. 250 to.800'm
“Lahar.. steel sloped- fan

har EL, 150 to.250 m
Lahax ' 5 slow sloped’ fan

iii). Volcanic,Piedmont_Periphery.

‘Volcanic piedmont periphery;iS;a,veryfslow‘sloped'
f;at_groun& formed outside. of the volcapi¢ fan.. In

-'this_area,‘exists én_overfloa,deppéitncomp;ising_
“sangd, subangglax_pgbhles,_siltzand{clay, Further

- outside of;fhis terrain, the alluvial plain and the
coastal plain are formed.

{2) Tertia;y_Mountains;aﬁd'Hi11$;

In the southwestern:pqrt'of¢thefs§udy_area lie steep
rountains of Mature stage .of max, Ek; 1;000 m consisting,
of Tertiary voleanic rooks. In the northiof these moun-.
tains_near.fhe bquﬁdary-hetween]sgmegq,vg;cano:andjthe_
nmountains, a mountain 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.
aﬁd'diSSected¢wigh¢m@ny small valleys. T9¢thg;soﬁth,og;
Pagirian, two, isolated hills.consisting of  the Textiary
Volcanic breccia,stand outwingthequlgan;qafan,‘ |



(3)

River Syatems

A great number of valleys is conspicuously developed on
the southern and southeastern slopes of Mt, Semeru.

Thege vélleys]cah be classifiéd'in£0'thfce river sygtéms _
flowing;ih&o the Ihdonésian cceany {.6., K, Mujur, K.
Rejali and K. Glidik, as shown in Fig.-1.3.

1) ;
é The main channel of X. Mujur is formed by B, Sat,

‘fB. Tunqgeng and K. Hujur, {n that order. The aver-
‘age Incline of the main stream from the mountain

- 1i)

iii)

K. Mufur

top to:the river mouth_is /11, which represents

fthe mos€ moderate gradient of the €hree rivers.

K. Rejali

The main channel of K. Rejall is formed by B,

-KObO an, X, Leprak, X Regoyo and K. Rejaii, in

that order. The main stisam from the mountain top
to the river mouth runs swiftiy at the averdge inw
clination of 1/9 2. The rivet deeply erodes the
Tertiary mountaing (Kobo'an valley) from BL. 400
to 600 m, and forms an aliuvial fan at its lower
reachés once again.

K. Glidik

 The main channel of K, ¢lidix is formed by B. Bang,

K. Lengkong and K. Glidik in that order. fThe dver
age inclination from the mountain top to the river

mouth is of 1/9.0, which represents the stespest

slope among the three riveérs. K. Glidik collects
water from valIeys on the southern: siope-of ME .-
Semeru and: rows down through 4 oalley degply ¢rod-
ed in the Tertxary mountains.
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1.4.2 GEOLOGY

(1) Lithology and Stratiqraphy

'The study area covers both Tertiary volcanic rocks and
_'Tertiary limestone distribution area and Quaternary vol-
cqnic products distribution area. Geology of the study
area is largely divided into Tertiary system of south and
-Quatefnary-syétém'of north.. Tertiafy system and Quater-
nary system are respectively divided into several layers
as shown in Table-1.2 and SGhematically represented in

Fiq.-l 4,

1) Tertiary System

'Tertiary system’ cf the study area is mostly compos-
ed of such volcanic rocks as andesite and tuff |
breccia distributed in the south of the study area.
Mountaihs'consisting'df Tertiary System‘show'ery
steep tOpography of the mature- stage, making a sharp
contrast with the smooth slope of Semeru Volcano
'con31sting of Quaternaxy system.

‘Tertiary system of the’ study area is div1ded into
followlng 5 layers from lower to upper.

Green Tuff

Limestone Layer

Alternatlon of Andesite/Tuff Breccia
. = Tuff '

' Volcanid Breécia

0 I

As sedimentary rocks, only limestone is distributed
in a very narrow Sphere near the estuary of K.
Glldlk. '
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Quaternary System

Quaternary system of the study area is largely =
classified from lower to upper into older volcanic

products of Tengger Mountain Range, Jambangan vol—

canic complex, younger volcanic pxoducts which is
plesently beinq suPplled from Semeru volcano and

‘alluvium which is being deposited in the volcanic
piedmont periphery. Volcanic products from Semeru

Volcano are olassified according to their origin,

- primavy voleanic products, younger Lahar deposits

and older Lahar depos1ts.

- Qlder Volcanic Products | _ _
0lder Lahar deposits
- Younger Volcanic e Younger Lahar deposits

Products Primary volcanic ejecta

-~ Alluvium
The distribution of volcanic products from Semeru

Volcano and its topoqlaphy is cloaely related in
the f0110w1ng manner.

Geology - Topography

e Primary Volcanic ~o Main Part of Cone
~ Products \'\\_Eh o o
o Younger Lahar ———>¢ Ladu fan ..

Deposits R : e

' Lahar fan-A vg;ﬁanlc

s Older Lahar o :

Deposits ° Lahar fan-B
o Alluvium 0 VOlcani¢ Piedmont

Periphery
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Geological Structure

1)

i1)

- Geological StruCture of Tértiary Systeém

"Gréeh”thff layers at the bottom of ‘Pertiary system

in the study area repeat foldinqs and are dissected
by faults at many places, showing a very. complicat~
ed géological structure due to the intrusion of

'granlte bathollth in the middle MLOcene perlod.

Limestdhé'iS'only distiibﬁteé'in a very narrow
sphere near the estuary of K. Glidik and its bedding

plane is generally horizontal with caves deVGIOping
'along the bedding plane. '

'AltetﬁétiOn of andeSite/v01canic'bfeccia,'tuff layer

and tuff breccia layer, are presumed to be continu-
ouély'supérposed without long hiatas cbvering dis-
cordantly green tuff layer of underneath. Small

folds are observed in'these'layers and they'geﬁtiy

- slope towards south {toward Indonesian Ocean).

Faults are rarely observed in these layers.

'GebidgiéaI.StrucEﬁre bf Qbéternary System

OIdér.and‘fouhéer jd1éanic.piOQuctS.of Qﬂéternaty

 period are thickly distributed on a series of large

depression zonesicalled Solo Zone. In those vol-
canic products, folds énd7fau1ts_by crustal move-

ments ‘are not observed, but small folds and faults

' due to QOmpadtion settlement are partially observed.



¢ - 14

Although the intornal structure of stratovolcano is
not generally well known, a schematic proflle of
Semeru volcano will be presumed as shown in: Fig.-1.5.
Its beddmg plane Qf volcanic products is consider-
ed to he Loughly palallel with the present slope of
volcano. :

on the l‘ll’l(} at EL. 1, 500 m- around Semeru volcano,
several parasitic volcances are lined up where a
circular fault is presumed to exist,

From the macroscoplc vmwpomt of a serles of

. Tengger - Semeru volcanoes, it is presumed that a
laxge transverse fault zone runs cutting across
Java Island along Tengger - Semexu volcanic row ex-

tending in N-§8 direction.

_ M1, S_lmeﬂ_a
EL.3675.7m o
o AEON
"’"F‘Q\..
Laferol Cone " ’ “:‘\:"

CEL. 1500wm

((%"" S

Vent  Epictastie Volcanielastic

Deposits {Lshar Deposits)

‘ []]]ID  Prmary Volcanlc Efecta
o T (Pyrociastic Daposits and Lava)

=, _ ' | Older Yolcanie Produsets

(ambangan Volcanle Complex}
%) Mol to Scals '

Flg- 1.6 Schematic Structural Profile of Mt. Semeru



1.4.3 LAND USE
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The present conditions of land use inside the study area as
agricultural puxpose are noticeably compatible with its topo-

graphical conditions,

Conceptual relationships between topo-

graphy and land use are given in Table-1.3,

Table ~ 1,3 Concaptual Relationships of Topography
and Land use

ToPography-

‘Land use
Main part 2500m and over Bare soil”
of volcanic }p—— : e
cone 2500m and under Forest {natural)
Ladu F Forest (natural/artifical),
adu Fan pry field (mainly sugarcane) , Cloves, coffee.
B. Sat Fan Rice paddy (single- and déuble-harvestinq},
e L Dry. field :
Lahar Stee B. Semut fan Wasteland, Artifical fo:est, Rice paddy {sinqle-
Fan eep | _ _ _ and douhle—harvesting) bry field, Clévas
Sloge [T Rajali fan Rice paddy (dcuble- harvestinq), Wastaland
K. Lengkong fan | Wasteland -
K. Poh fan Stable rice paddy (double—harvestinq),
"(old fan) Fobacco, Corn

Gentle-slope

Rice paddy {double-harvesting); half of B. sat
fan, dry fteld

yolcanic Periphery

pry field‘{édnﬁiﬁefablé area of tand where
planting during dry season is not possible)

alluvial plain

Rice paddy (abuble-hérvéstinq)

Tertiary mountains

Forest (natural/artlficial), Cfoea, Clovas,
Cassava :

piedmont  { B, Sat and
o X. Lateng

N Pronojiwo Coffee, Dry fieid
0ld. e e ' -
volcanic Left bank of Coffee, Dry field,

Rice paddy {single-haxvesting)
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2, GROUNDWATER INVESTIGATION

2.1 GENERAL

The in-situ investigation of groundwatexr level consists of;

- Field reconnaissance

- Continuous observation of groundwater level in long'
poriod at 17 wells with installation of automatic

water level gauge, |

- Regular measurement of wate1 level in borehole in
K. Lengkong fan, using potable water level gauge.

- Quasiesimﬁltaneous measufement of groundwater level
in K. Lengkong basin,'ﬁsing potable water level
gauge. ' '

In this Chapter, the study will be cérriéd out, based on the
results of continuous groundwater level observation at 17
wells, This study intends to clarify some characteristics as
general hydrogeoloéy of the study area from the interpretation
of data, taking account of topography, geology, land use and

850 ©n.

The work allocation of Qroundwater.level'obsefvation for the
Indonesian Government and JICA Team is as follows;

i) Indone51an Government
- Groundwater level observation

~ Data arrangement
ii)  JICA | | |
- Technical guidance relating to observation method

and data arrangement _
- Data analysis and its interpretation

Datall study of gxoundwater will be dealt with in the chapter
of "Hydrogeology of K. LengkKong Basinu (§4) .
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