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Glossary of Terms and Abbreviation

1. Local Adainistrative Organization

Kabupaten (Xab.}:

Kecamatan (Xec,):
Désa

Bupati
Camat
Kepala Desa

District

‘Sub-district

village
Chief of Kabupaten

" Chief of Kecamatan

Chief of Desa

2. ﬁrganizétion for Irrigation and Agricultural Development

pPu
DGARD

- e

P3SA

PIN

BRI
BIMAS/I1HMAS
DOLOG
BUUD/KUD

P3A
BPP

3. Other Local Terms

Polowiijo

Pelita 1
Pelita 11
Pelita IIX
PPL

PPY

PPS

[ BT I LTI T I

"4, Area and volume

m?
ha
km2
1
n3
4

x4 ws W e

Ministry of Public Works

Directorate General of Hater Resources
Development

Sub-directorate of Planning and Programming
Public Corporation of Electricity
Indonesia People's Bank

Mass Guidance for Self-sufficiency in Food
Provincial Rice Purchasing Agency
village Unit Exeéutive Body/Agricultural

" Cooperative Ozganization

Water User's Association
Rural Extension Center

Secoﬂd CrOps} Planted after Harveste of Het
Season Paddy
FPirst Five-Year Developmeat Plan

. Second Pive-Yeéar Development Plan

Third Five-Year Devélopment Plan
Pield Extension Worker

Extension Supervisor

Subject Matter Specfalist

square meter
hectare

square kilometer
liter

" cuble meter

ton

- vl -~



5. Deilved Measures based on the Same Symbols

n3/sec 1 cubic meter per second

t/ha : ton pér hectare

mn /km? 1 cublc meter per square kilometer
nm/day : nillimeter per day

1/se¢/ha t 1llter pér second per hectare
31/day ¢ ‘liter per day

n3/knl/fyear 1 cuble meter per square Kilometer per year
rneq/100g 1 midli-equivalent per 100 gram of soil
kn/sec t kilometer per second

kg/cm? + kilogram per squaré centimeter

c/gséc ¢  centimeteér per seécond

t/m3 t ton per cuble meter

t/m2 : ton per square meter

6. BRlectric Measures

kV :  kilovolt

KA ¢ kilowatt

kwh :  Xkilowatt-hour
M : pegawatt

kvA : kilovolt ampere
Hz t Heértz

1. Currency

uss t United Statés Dollars
Ep : Rupiah
UsSS1 = Rp 625
8. OGthers
3 : percent
No. t number
Nos. t nuabers
Vs, t  versus
MSL : Mean Sea Level
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CHAPTER VI GEOLOGY
6.1 GENERAL GEOLOGY

Base rock In the project area and the relevant watershed §s mainly
conposed Of limestone, andesitiés, coral limestone and sedimentary
rocks originated fn thé Tertiary, These base rocks are usually covered
by fan and tercrace deposits orfainated fn the Quaternary in the flat
plain, _

- Limestone mainly distributés in the watershed of the Pising river,
a tributary of the Sero river, “The watershed diseloses thé oldest
geology ia thé investigated area In this study, ot iginadted in the
Eocere andfor Mid. Mlocene. The limestont outcropped in the watershed
assuiés dark milky white and s much massive, hacrd and well-compacted.

Andesitics mainly comprise andésite, its tuff and tuff breccla,
originated in thé Ollgocénd and/o¢ Miocéne. The andésite is relatively
honogeneous and hard, It assuses dark grey to dark green. Tuffs
- conslst of ordinary tuff, tuff breceia and conglomerate, the textures
of which range medium to coarse grain matiix, ‘The tuffs are geanerally
- 80ft and léss coherent as comparéd with the andesite. Theése andesities
are ‘considerably massive without any obvious bédding and their
weathéred zonés are relatively thin. They compose thé base rocks in
the hilly rangeés exténding westward of the proposed main ¢anal route.

Coral limestone originated in the Pliocene andfor Pleistocene is
qénerally yellowish, fossiliférous and relatively hard but it is likely
- t0 be rathér porous and much peimeable. - In fact, in the area bedded
with the limestone, soxe springs are fed by the séapage water out of
the rock.. The coral limestofie is broadly distributed at the skirt of
the_mountain and hilly areas covered with andesitics. Meanwhile, it
forms the base vock of the project area developed for paddy field.

The se¢dimentary rocks comprise poorly cemented mudstone, sand.
stoné and conglomerate, sométimes interbedding & skin bed of tuffs.
_They are deemed to bé deposited in the same geologfeal age to the c¢oral
 Maestone,  These sedimentary rocks spottily distribute in the gently

slanting slopes, and low hilly ranges. HMost of their dips usvally
disclose nearly horizoatal, excepting sharp dips cropped out in the
vicinity of thée confluence of the Langkemte and Sero rivers.

- Pan and terrace deposits and alluvial sofl broadly extend in the
flat area, cavering these base rocks., ' The permeability coefficient of
terrace deposits is estimated at "6 x 1073 to 3 x 167% ca/sec” on
the basis of the drilling data uadertaken ia March, 1980 and in the

course of this study. General geology around the project area is
presented In Plg: 6.1,4, |

Vi - 1.



6,2 GEOLOGICAL TNV ....iPION

Surface geological investigations are made along main canal
routes,; and at the major intake stroctures sites and the relevant
watersheds, Geologlcal maps and profiles are prepared on the Langkemae
Intake site, the Jupang Intake site and the tunnel sité, 'Core
drillings are undeitaken in the following sites and lengths in the -
_cougse of this study.

Site " Nos. of Wole  Total Length
: Laﬁgﬂeﬁné Intake Site ' 4 _ : 43

Tunnel 3_ 5 - 125

As mentioned in the succeeding section, laboratory vock test is also
per formed in Japan o the dtlll corés oollectéd by the Governnéht ih
March 1980. :

'5 3 GEOLOGY OF agsésc~1vs SITES

6.3. l Langkewme Intaxe Site

_ The base rock at the Langxenme intake site is séd!mentary rocks
 mainly composed of "mud stone' originated in the Pliocene and/ox: the
Pleistocene. - The base tock continudusly crops out at the left side
tiverbed. Tiv bedding plane of the‘hgse rock sharply éips to northward
- with about 70 degrees dominantly strikés N 7004 in accordance with

the direction of river ¢hannel. Thé”geology'df the‘ihtake'éite‘iS-
illustzated in Piqg. 6.3.1. o

hccording o the drxlling data, Lugeon value of the pudstone
bedded in the riverbed is relatively high, Tanging frém 30 to 75.° A
laboratory rock test is also made in Japan on the diill ¢éres collécted
about one kim upstréan of the propdsed Langkdmme intake welr in March
1980. Aocordlng to the outcomes of the tést, P-wave velocity Of the
mudstone is 2.1 ka/sec and unconfirned conpresslon streagth tanges Erom
110 1o 140 kg/cn2 :

At the both tivér banks of the‘site; teftace sediments beéing
. conposed of relatively wéll conpacted gravels layer are deposited with
a thickness of about 10 m. The pe!mé&billty coefficient ‘at this layer
is estimatéd at the order of 6 x 1073 5 3 x 16-4 ca/sec. The
riverbed at the site' is covered with rocks of 2'to 3 o 1h dlaacter and
cobbles.” The thickness of the deposits is lesa than 2 m.

The tOCkS bedded ia the riverbed are qenerally class[fied 1nbo
soft rock and seal-hafd rock but it {s relatively hard and ceaented
excepting about 50 ¢m of weathéred sutface, As clarified thtough rock

tést, the physical and mechani¢al propetties of thesé rocks ate”
sufficiently available for the féundation of the proposed Langkemae

intake wefr. The gedlogical profile along the proposéd welr axls is
shewn in Pig. 6 3.2,

Vi -~ 2



6.3.2 Jupang and Pising Intake Sttes

The base rock at:the Jupang Intake Site is composed of massive
tuff brecela, one of andesltics originatéd fn the Oligocene andfor the
Mlocene, The riverbed at the site {s covered Wwith conslderable sized
tocks and cobbles of various andesitics, the thickness of which are
estimated at thre¢ meters, moie or 1éss. Talus deposits disclose on
the slope of both riverbanks at the sitej the deposits on the slope of
the left hank ate mot so thick. The geologieal condition at the site
is much favourable for the foundation of structurées since the proposed
Latake structures are elatively small scaléed, The géology oOf Jupang
Intake site is glven in Pig. 6.3.3 and the geological profile along the
proposed weir axis {s also shown in Pig. 6.3.4,

While, limestone orfginated in the Eocené andfor the Miocene is
bedded at the site of Pising intake structure. The stoné ls massive
and relatively hard. ' In due consideration of the geological condition
at the site, small scaled gablon-type walr is recommendable.

6,3,3 Tunnél Siteé

Afdund the proposed route Of tunnel, theré distributé various
- rocks, such as andesitics, coral limestone, sedimentary rocks and fan
d¢posits. The surface observatory investigation and drilling data
concludé that most of the tunnel would be excavated partly on khe
stratunm of sedimentary rocks and mostly on that of sandstoné; the inlet
of the tunnel would bé excavated on the stratum of the andesitics.

Sedimentaty rocks in the tunnel site are rather soft and less
coherent as cospared with those in the Langkemue weir site, The
stratum of the sedimentary rocks is covered with thick résidual soil
zone of 15 to 20 m. Such weathered and weak stratumss might be .
encountered in the course of the tunnel éxcavation.  According to the
Lugeon test undertakén in the course of drilling, high permeability is
expected at the stratun of the tunnel outlet. GCround water might spout
inside the tunnel AQuéing excavation, resulting in lowering the ground

water surface. The geological profilé along the proposed tunnel axis
is shown in Pig. 6.3.6.

6.3.4 Hydropower Station Site

At the slite of the hydropower statfon located at the junction of
the Baruttunge river, hacd and massive andesite is bedded at about one
meter below the surface s6il, © But,; at the hilly side in which-
peastocks of the station would be proposed, the base rock is composed
Of coral limestone which fs yellowish, fossiliferous and rather
porous. The limestone is covered with talus deposits and weathered
zone of about one metec thick, :

vt - 3



6.3.5 Aquedvct and Syphon Sites

The project area are mainly covéred with fan, terrace and_fluviél
deposits being composed of sand and gravel, and theré exists no weak

alluvial layer as extending around the Lake Tempe. Geologleally, whole -

sites proposed for the crossing structuces such aS‘aqueduct-gnd'siphonf
are provided with much Favourable condition for the foundation.

6.4 LABORATORY ROCK TEST
6.4.1: Tesfed Core

The laboratory rock test is made to grasp the physical and |
mechanical properties of the weakly ceménted sedimentary rocks whiéh
broadly distribute at the Langkemne Intake site.  The tested samples -
are picked out Frédm the representative cores drilled by the Governmént
in March, 1930 at about one km upstréanm from the proposed intake site
£or the Langkemme Irrigation Project., The test was made at the
laboratory of Nippon Kcei in Tokyo, Japan.

6.4.2 Test Items and Quantities

Both physical and meéhanical propérties of the selécted rock cores.
aré tested in the laboratory,: The test items and quantities are as
listed belouw: o :

. Test _ . : ."guantities S
(1} Physical Test o S . -
i) Apparent specific gravity test S N . - U
i) Water absorption test . : -6 "
iii) Porosity test e ™

-(2) Mechanical Test . :
i) P & S Waves voelocity test
i1i) Brazilian test
i1i) Unconfined conpression test

- -

-

All the tock tests in the laboratory aré compiléd in the attached
Data Book.: Six samples consisting of a tuff brecola, a sand stone, a
bréccia, a siltstone and two rudstones are tésted on both physical and
mechanical properties of rocks. The tesults of the tests are
sumaarized in Table 6.4.1, : .

VI - 4



6.4.3 Sumary of Test
(1) Physlcal properties

_Apparent speclific gravity widely ranges from 2,08 to 2.42 among
the test samples of the sameé rock. The valué shows rather smaller than
that of the ordinary sedimentary rocks, the apparent speclfic gravity
of which ranges 2.2 to 2,7. As a result, the porosity is much higher

- compared with the ordinary sedimentary rocks.

{(2) Mechanical properties

P & S waves velocities of the tested samples range from 1.8 km/sec
to 3.4 kafsec. WHhile, the values of unconfined compression test of
each sanples vaty bétween 70 !cg/(:m2 and 330 kg/cm?, Judging from
thése tested values, the sedimentary rocks destributing in and around
the projeéct aréa seém to bé still weakly cementeéd,

VL - 5
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CHAPTER VII SOIL MECHANICS

7.1 FOUNDATION ALONG CANAL ROGTE

Kost of main canal routes are aligned across paddy field, As
shown in Fig.:7,1.1; 14 test-pits are dug along the canal routes for
-observation of so6il profile and sounding test. Top layer of paddy
field is composed of blakish alluvial fan deposits, According to the
results of sdunding test by cone penetrometer, the bearing capacity of
the fan deposits is too small o construct heavy and/or tigid canal
structurés thereons the N value might be assumed to be less than 19.

Table-?.l.i.presents'the detafls of cone pénetration tests vndeértaken
in this study. : '

The profiles of the pits compiléd in the attached Data Book show
that diluvial tercace deposits are developed vader the fan deposits.
The diluvial layer Is relatively ficm and well-compacted., The N-value
of the layer is estimated at greater than 30. The layer is favourable
for the foundation of the related structures such as siphon, agueduck,
chute, check and $6 forth, - Three meters must be excavated at least
from the surface of paddy field to obtain a stable and firm foundation
Eor the structures. '

Soae allgnments of the wain canal pass through skirts of hill and
hillside. Talus deposits and residual deposits dominantly develop and
bed rock crops out in placeés along these alignments. Those deposits
would not fulfill the requirément of bearing capacity for the
foundation of canal structures. But stable and bearable foundation is
surely obtainable by about four méteérs' excavation below thé surface of
those depasits,

7.2 CONSTRUCTION MATERIALS

7.2.1 Materials for Canal Embankment

As given in the Chapter V "Construction Plan®, the canal
erbankrent would be executed by maximum use of the in-situ materials
excavated in canal section for cost-saving of the project. ' The
available materfals along the canal route aré classified into four (4)
groups as mentloned below;

(1) Alluvial fan materials

This is a finé soil and npainly consist of silt and clay. It has a
tigh plasticlity and a high dry strength, Its color in moist condition
fs glossy dack grey orf dark brown. Cracks caused by drying shrinkage
are uvsually observed in the deposit layer of this material. This
material is usually distrlibuted over the alluvial fans. Thickness of
the layer ranges from 0.3 meter to 2 metecs, mostly less than one
metér, Paddy cultivation are extended over this layer. '

Vit - 1



(2) oDiluvial river teérrace material

‘This {8 a mixture of brown sandy’clay,rgravel,_éobbles aﬁq
sometines boulders. Particles over gravel have a mediun to poor
gradation and they are svbrounded. Canal bank constructed by such a
naturally graded materfals can not attain sufflcieht-impgrmeability.
Cobbles in the materials have to be dug out for stable embankment
works. This material is deposited at the thickness of more than five
meters beneath the alluvial fan layer. :

(3} Talus raterial

This is also a mixture OF brown colored silty clay or sandy clay,
gtavel and cobbles. But gravel and cobbles are subangular shaped and
well-graded. The content of gravel and cobbles are not so high as that
of tercace material. This material is distrlibuted near the foot of
hills. ' : o :

(4)' Residual matetial

Residual materials are roughly divided into two groups. One is a
steongly weathéred fine soil, having as similar properties as the _
alluvial fan materials excepting its color. - The dther, not so strongly
wathered as the former, mostly consists of sand and moderate awount of
sitt and clay. These matérials are distributed on the hillsides.

7.2.2 Borrow Pit Materials

‘Some canal routes might be proposed on the rock fovndation where
no inpervious material is available, Nine sites for borrow pits are
selected through Field inspection as shown in Fig. 7.1.1 to obtain the
embankaent materials along the main canal routes. The materials from
borrow pits mainly comprise talus and residual materials. ' Expectable
volumes aré estimated as shown. in Table 7.2.1 along with the
longitudinal nusbers shown in Pig, 7.1.1.

7.2.3 Concrete Aggregates

Seven tributaries of the Walanae river traverse across the project
area from Southwest to Northeast. The Langkemme and Sero rivers
broadly bound the project area in the South. Al)l of these rivérbeds
 are thickly covered with sand and gravels, and pebbles and cobbles,

These riverbed deposits are much favourable for the aggregates for
concrete and wet masonty, and for the construction of gablons.

(1) Tributari¢s .
_ To exanine the'quality of gravel, Qatei'a660r§tién and specific
gravity test are performed on the samples taken from the riverbed, . The

resvlts are as shown beldw coaparing with the standard requitement Ecom
ASTH. . '
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ASTM Sﬁandardl

Item . Tested Date Requirement
Water Absoiption 1.4} to 2,95 less than 3.0
Specifie Gravity 2,54 to 2.13 larger than 2,50

The results on both tests fulfiil the standard requirement of ASIM.
‘Therefore it is concluded that gravel from the teibutaries aré much
suftable for concrete coarse aggregates., Specific gravity of sand in
the tributaries ate also tested and ft ranges from 2.69 to 2,71, Lt is

also suitable for concrete fine aggregates. The details of these tests
ate glven §n the attached Data Book,

In the tributaries, there exfst much amount of cobbles whose graln
sizes are eligible for mason and gabion. The content of cobbles would
range from 10 to B0 percents. The quality of cobbles is likely to be
better than that of gravel in view of construction materials for mason
and gabion, ' '

Bstimated volumes of concrete aggreqateés available in the five
crossings of Langkemte main canal and tributaries are as shown belod.

Ho, of Voluse . Longitudinal
Crossing 33 canal
(x 20 m }
1 23 10
 § 35 R2Q
Inr 3L H50
v 49 Hio
v 18 ' P50

Remarks:s - Volume in the tablé aré those estimated withia the
distance of one km from the canal route,

- Nunber of crossing are specified in Pig. 7.1.1.

{2) Intake sites of Langkemie and Sero rivers

Four Intake wefrs are proposed on the Langkemane and Serd river
systems., Each intake site is thickly deposited with gravelly materials
maidly consisting of bouvlders., Sands and gravels suitable for concrete
aggrégates ave partly deposited in a small amount of 50 to 100 n3,

The volute of sands and gravels available within half km from each
Intake site is estimated to be less than 1000 m3,  However, their
quélitiés are considerably suitable for concrete aggregates judging
feom thelr appearances.

ViIL - 3



While, considerable amount of ¢obbles and boulders are wlidely

scattered on ecach intake site,
quality mainly originating fron andesfte,

These cobbles and boulders are of hlgh

In view of avatlability of

construction materials, masonry works are recomaendable for the
construction of intake weir and related structures.

(3)

Belo river

The Belod river, a tributary of the Walanad rivér,“flows'east#ard

along the northern boundary of the projéct area.
channel,

The river has a wider

‘Large amount of sediments are habltually rvshed and depositéd:

in the riverbed during flood season,
Belo river are not so coatse as compared with those in other rivers and

are niuch suitable for concrete aggregdates,
aggregates seem to be endowed in this civerbed.

The matérials deposited in the

Considerable amount of
Recently, DPU has

produced agjregates in the middle reach of this river for toad

construétion, etc,

The potential volume of concrete aggregates is

roughly estimated at about 100 x 10353 within the distance of one
km €rom the Langkemue mafn canal.

7.3 SOt TEST

7.3.1 Test Itea

To clacrify physical and mechanical properties of soil matériats

distecibated in the project area,
at the test pits dug along the I

quantities are listed below.

sanplings for laboratory test are made
angxemne nain canal,

Test items and

Test Item Quantity Remarks ., .
1. Specific gravity Fan s0il ~- 5 nos.
2. Particle-size
analyses 17 nos. Tertace s6il -~ 5 nos,
3. Water content Talus soil -- 3 nos.
4. Attecberg limit Residual soil -- 4 nos.
Pan and residval soll
-- 2 nos., respectively
" 5. Compaction - 10 nos. Terracé and talus soil
' ' --' 3 nds., respectively
VII - 4



7.3.2 Test Results and diseusslion

~ The detalls of test results are arranged in the data sheets and
conpiled in the attached bata Book., The summary of test is given In

Table 7.3.1. The results are briefly mentioned below and followed by
discussion, ' .

{1) Specifis gravity test

The résults of speéific gravity test for soil particles are as
sumrarizeéd below,

._Soil Lirsest Highest Hean
Fan 5611 2,41 2,62 2.52
Petrace sofl 2,37 2,54 2,46
Talus soil 2.52 2,74 2,60

Residual soil 2.47 2.66 2.54

The mean value of specific gravity rangeés from 2,46 to 2,60,
showing a little bit lower value than that observed generally in
inorqganic soils (ranging 2.6 to 2.8). In compaction test, therefore,

‘unusual tendency is seen in some sanples, in which the compaction curve
becomes exceedingly close to the zeéro-air-void cucve drawn by using the
specific gravity obtained in the test. :

.~ The low specific gravity sSéens to be due mainly to insufficient
boiling timeé, When an oven-dried clayey sawple is used for the test,
as it is in this time, much boiling time i{s needed to saturate the
voids completely with water and to separate soil particles .
individually. 1f the boiling time is not sufficient, the test result
would show the value of spécific gravity which partially included the
effect of small entrapped air in the void, resulting in lower value,
According to many xeport in Japan, 2 to 3 hours of boiling tize is
needed for oven-dried coarse soils and much more houwrs, for fine soils
to obtaln an accurate valve of specific gravity. On the other hand, as
reported by the laboratory, the value tabulated above are obtained fFroa
the bolling time Of only 5 to 15 minutes,

If a soil contains considerable arount of organic matter, it
indicates lower value of speciflc gravity thaa that of inorganiec soil.
According to the reésult of organic maktter content test, however, fan
soil in the project area looklng like an organic soil, contains a
negligible amount of organic material (only 1.3 percent). Another
three sOlls tabulated abdveé are also considered not to contain organic
materfal, judging from theix appearancé and the result of Atterberg
Mnrit test. Furthermore, as coapiled in the Data Bodk, these soils
indicate specifi¢ properties on compaction, such as relation betwioen
the cospaction curve and the 2ero-air-void curve, and the degree of
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saturation at the maximuwn Jdry density. 1In the light of above
discussfon and such properties of compackion as ciatif@é@ thtough soil
tests, the specitic gravities of solls sampled in the project area
would range from 2.6 to 2.7, : :

(2} Particle-size analyses test

All samples used for the particle-size analyses afe soils passing
two ma sieve and do not contain gravels, Their gradations do not
coincide with their natural ones. Howavér, tested samples of fan s6il
and residual soil are considered to have similar gtadatiOn'with'natutal

ones, judging from the test pit observation.

Fan soil is the finest soil in the project area. It mainly
coiisists of silt and clay. The total coatent of them is approximately
ranging from 75 to 90 percents. Silt ¢ontent is usually supérior to
clay content in case of fan soil. Sand content rangeés from 10 to 25
percents. Although gravel content is not tested For the reason
mentioned above, it is estimated to be less than 10 percents of the
total anmount of soit. :

Terrace soil mostly consists of silt and clay, when gravel content
is disregarded. The total content of silt and clay ranges
approximately from 45 to 74 percents, rostly being more than 60
percents. - Sand content is 25 to 55 percents, IF gravel content is
taken into account, each content listed above would be réduced té a
half or more, Based on the result of visual inspection at test pits
and exposed area, the content of gravel including ‘c¢obbleés and boulders
- is roughly estimated to be 50 to 70 percents in the natural geadation,

Talus soil also mostly consists of silt and clay in test sawples,
The content of silt and clay widely rangés froma 50 to 90 peccents,
Sand content is 10 to 45 percents. Natural talus sofl seé¢ns to have 10
to 50 percents of gtavel content, :

Residual so0il can be classified into two groups. One mostly .
consists of sand and moderate amount of silt and clay. The othei has
the similar gradation with that of fan soil. :

{3) Water content test

The results of water content test are summarized below. The
sanples tested are those passing 4.8 nillimeter sieve.

Water COntént (%f

Sail Losest _Highest Mean
Fan soil . 33 a8 &
Terrace soil 2 . 47 38
Talus soil , 28 . 40 - 34
Résidual soil . 28 .49 - -35

" VII - 6



As far as water content is conc
these s01lg, expecting that fan
content than others,

erned, no great difference i3 seen among
50§l shows a little higher watec

(4} ‘Aftérberg 1inte tést-

The results of Atterberg limit test are summarized as follows.

_ . Liguid limtit (%) Plastic limit
soil Lodest  Highest  Mean Lowest Highest Mean
Fan sofl 80 206 90 54 3 62
Terrace soil 56 94 79 30 13 41
Talus soil 52 85 67 29 57 38
Résidual soil 64 123 18 28 81 11

{5} Compaction test.

The rfesults of standard Proctor compaction test for all samples
ate shown belod, in which mean values ave indicated for all items.

délmax ivé'opl:i2 ‘nlaminus Wn pinus  Wn minus

Soil) _ Hopt “9514 ﬁsﬂ£5
_(t/m3) A%} (%) {8) (%)
Pan soil _ 1.49 28.5 10.9 5.9 2.2
Terrace soil - 1.34 33.5 12.0 6.1 1.5
Talus sofl ©1.45% 22.3 7.1 k.5 - 2.3
Résidual soil _1.34 31.1 1.7 2.5 - 1.3

Remarks: .[1 Haximum dry density

/2 t Optimua water conteat
/3 ¢ Natural water content
/4 + Highest walkér content Lo obtain 95 percents
of d max
/5 t Highest water content to obtain 90 percents

of 4 max

Both fan soil and terrace so0il show fairly large diffecence
between Wn and Kopt t 1 and 12 percent, respectively. Considering
actual placement condition during rainy season, it is readily
anticipated that the placexent water conktent can be hardly contcolled
to decrease to the optimum water content. 1In addition, eacth works
handling these sofl are not nécessarily avoidable during rainy season
because rost Of canal are proposed across the paddy field where fan
5011 and térrace soll are scattered beneath. Therefore, it is not
appropriate fof these soils to increase their in-situ dey density to
such high valué as the maximun dry density. As the difference between
"~ Wn and W30 are only two percents for these soils, 90 perceénts of the
maxlmua dry density Is consideéred to be one of proper values which can
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be attained easily in compaction control., However, such a low density
is not reécommendable, due to the problem of cracking to bo caused by
shrinkage aftér deylng, especially for fan soll. After all, 95
percents of maximum dry density are récommendable for density control
during embankment work. In this condition, the réasonably high density
would be attained.

Talus soil has higher maximun dénsity and smallet diffefénCe"
between ¥Wn and Wopt than those of fan soil and terrace soil. There
exists no serious problea as for the use of tatus soil for embankment.

Residual soil has as similar d-max Wopt as those of terrace soll,
and difference between Wn and Wopt is not sé large. The reésult on the
difference between Wn and Wopt tabulated previously fs a mean value of
two samples which show extremely different values; one is similar to
fan soil, and the other has a tendency that wWn is smallet than Wopt.
This fact suggests that some of residual soils need sufficient alring
and the others need watering during embankment work.

7.4 ANALYSES

7.4.1 Soil Classification

From the résults of'paﬁtiéle—size analyses and Atterberg linmit
test, the unified solil classification could be done as follows:

- Fan soil
Every fan soil is classified into CH

- Terrace soil
Most of terrace soils tested in the laboratory are classified
into CH, However, natural soils observed in the field contain
considerable amount of gravels and cobbles, sometimes
boulders. Where these contents would be acéounted, natural
terrace soils would be classiffed fnto GC and SC.

-~ Talus soil
Most of talus soils tested are -also classified into CH, and
partly SC. As patural soils have some andunt of gravels and

cobbles, they will be classified into many iteas such as CH, sC
and GC, but sC is dominant.

- Residual soil

Residual séils are classified into two groups. One is CH group
which is disteibuted on thé gentle slope. The other 1s s¢

- group which is mainly distributed on the moderaté to rather
.-. Steep slopes.

viI - 8



7.4.2 stabllity of Slopes
(1) Stabiiity of énbankment_slope

_The shearing stréagth paraméters, coheslon and angle of internal
E;lctlon,jto examine the stabtlity of embankment slope, aré uswally
determined from the results of shear strength test, Howéver, as the

gheat strength test are not made in this study, the following values
are assuned for thése parameters;

- Cohesion CR = 3.0 t/m?
- ~Anglé of ‘intetnal friction P = 50

Tbg_péramétets are for fan soil in unconsolidated and undrained
-condipléﬂs and the sald soil is considered to have the weakest shearing
strength among all of the sofls distributed in the project atea.

The results obtained by using Talor's nethod of slope stabilfity
are shown below.  Réquired angles for embankmént slopes are given with
a safety factor of 1.5 against circvlar sliding.

2 n 4 n 6 m
GO0 400 840
{L: .0) (L : 0.0) {1 : 0.11)

_ From the viewpoint of practical canal ¢onstruction, it is hardly
possible to made an embankment slope almost vertical. Purther moge it
should be considered that thé cianal embankment will frequently suffer
alternate repetition of drying and swelling which will cause failur of
steep slope. It is, therefore, recommended that theé slope angle of
embankient be designed with 34 degrees (1 : 1.5).

(2} Stability of cut slope

The sounding test with a2 portable cone penetrometer is carried out
on natural soft soils. Prom this test, followsing equation is obtained.

ge =10 + 3 - 3 (t/n?)

Where gqc¢ 1 Coné bearing value (t/m2)
"2 1 Depth from surface { & )

Concerning the alluvial and diluvial natucal fine soils, we can assumed

the undrained strength €, the cohesion for zero angle of interral

S g0, _ge
€=2" =245 ) 7%

‘Where, C 1 Cohesion (t/m2)
qu 1 Unconfined compression streagth (t/m2)
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By using the above two equations and Talor's method of slopeé stability,_
it is presumed that the vertfcal cuts In natural soft soil still have
much saféty even with considerable height. However, it s also
cecomaended that cut slope in soft soil be designed with 34 degrees

{1 ¢ 1.5) as well as embankmént slope. -1In addition, design angles of
cat slope for another firm soil and rocks is recomsended as follows,

Soil ot rock .Désign Angle of Cut Slope '

Soft soil 340 (1:1.5) fan sofl and soft
réesidual soil

HMedium to 34b to:459 : terrace 5681, talus and

firm soil (l:1.5 to 1,0) : : '

Weathere rock .. 519 o 63°

(1:0.8 to 0.5)

Rock 630 to 730
_(110.5 to 0.3)

7.4.3 Leakage through Canat

{1) Leakage through canal embankment

Fan soil and some residval soils like fan soil ate readily assomed
to have low permeability, svch as being less than 1 x 10-6 cefsec .
from the result of gradation., Terrace and talus are also coasidered to
have low permeability, i€ cobbleés larger than 10 cm are removed. Both
soils are estimated to contain about 30 percents and 20 percents of
cobbles in volume on an average, respectively. Some residual soils
which are mostly composéd of sand usvally have low aatural water
content below the optxmum wator ¢ontént. Ef the embankment is
compacted to give the degree of saturation 1éss than 75 percents, it
will not expected to have low permeéability. But this problea is easily
settled by adopting the watering process during émbankment work. :
”herefore, n® serious problem would be anticlipated as far as the
leakage through canal banks is concerned.

(2) Leakage throvgh foundation of canal

In this investigation, in-situ permeabllity tests were carried out
at the bottons of the test pits. The valués of permeabllity range Erom
1 x 10-5 to 5 x 1077 ca/sec, . They are réasonably low for the
foundatléns and negliglble anount of leakage is expected. ' Concerning

the foundation proposed on terrace deposits along the riverside and
 limestone bedcock, however, conslderably high peracablility is
anticipated. To prevént high leakage from thesé fFoundatlon, it is
tecomtended that they should be covered with such impervious facings as
wet mason for sloping portién and sofl conciete for fiat po:tion.
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7.5 TYPICAL CANAL, SECTION

investigation, a
as shown below.

Based upon the results of 5011 test and detailed field

typlcal desfgn section of canal would be recommended

Ditch

Origical Ground Line

Sod- Faciang

.y Waler Level

Remarks

(y

(2)

(3)

801l Ewbankmuent

Cobbles largeér than 10 ce, are removed to paintain imperviousness
of canal banks. The embankment is desired to be compacted at the
more than 95 percents of d max with the degree of saturation more
than 75 percents to keep high resistance against drying shrinkage,
swelling and siiding. The portion above wetted perimeter of canal
should be sodded to protect canal facing from shrinkage and
erosion,

Cobble émbankment

Cobbles and boulders removed from (L} are used for thé embankment

{2} to construct the canal econoaically and to get high resistance
agalnst sliding of outer slope.

Excavation

1€ the foundation of canal is much gravelly or cracky and porous,
it should be covered with an impervious materials, The canal
route to be lined are identified as listed below through field
investigation. (Bach identified location, to be referted to Fig.
7.1.1)
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Langkemue Canal 3 A0 to AS0, C50 to 00, I5 to 110
Sero Canal 1 a0 to as50, 10 to'i&ﬂ,'fzo to qio, 136 to 40, 150 to
3o : _ b

The slope angle of cut depénds on the geological féafurea as
previously mentioned. At thé boundacy of the cut and the natural
slope, the shovlder ditch Is deslired to protect the cut slope from
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Table ?.2.1 ‘Estimated Volume of Borvow Pits

Estimated

Canal ﬁz;gi:udinal “volunme Remarks:
€ (x103m3)
B20 50 Talus
B70 80 Residual
Langkemme Cclo 50 Talus
Do 160 Residual
110 40 Talus
Sero b50 240 " Residual
140 30 - Talus
hQ 10 Residual
i40 60 Talus
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CHAPTER VILI HYDROPOWER

8.1 PRESENT SITUATION

8.1.1 ”Eﬂiétihg Ceénnae Hydropower Station

The station constructed in 1973 by the British Aid and operated by
the PIN., {s located ¢lose to the Kampung Cennae at left bank of the
Laﬂgkemme_river. The 1ntake structure of the statfon Is comuonly used
with the DPU Centae ‘séml-techaical irrigation scheme, The statlon is
- operatéd about 14 hours per day on an average during wet Season by

discharging éxcess water of the Cennae Ircigation scheme, _Actvally,
its dafly operation is sometimes limited less than five hours even
during wet season. The station has never genérated duwring drought
season owing to the depleted flow in the Langkemme river, an
énglne-drive generator is installed to supplement electric power supply
during the drought season. The hydro-power plant installed in the
station is fnvestigated and sumnarized in Table-8.1.1 and illustrated
in Fig., 8.1.1. , ' S

8.1,2 Existing Distribution Systen

: The power disteibution system in the project area consists of a
six kilo-volt and a low voltage distribution line as an isolated

system, Maln featureés of the existing distribution lines are
suwwhar ized as follows:

(1} 6 kV line

{a) Section Watu village Cennae — Tettikenracae

village Takalala

{b} veltage t 6 kv
- {e) Ffequency t 50 Hz
(d} Léngth : About 10 km

{e) Numbef of ¢ircult ;1 Single cizcuit

{f)} Conductor Hard deawn copper cdnductor. 35 sq.ma

{ii) tow tension line

(a) Lecation

”»

Watu village Cennae and Tettikenrarae
village Takalala

{b) voltage 200 - 127 v, 3-phase, 4-wire systea

L4

(c) Prequency t 50 He

vIIL - 1



8.1.3 Influences on the Statlon by Implementatfon of the Langkemne
Trcigation Project

The watec available for the existing micro hydropower station fs
clacified under both without- and with-the-project conditions. Then,
the possible operation periocds are calculated under the both -
conditions, The following assumptions are given to maké above
mentioned studies, .

- Water requirement for the existing nicrd hydropower station is
1. 0 m3/s based on the inspection of the plant,

. - Water requirement for the existing DpU Cennae_sémi-tééhnicai
irrigation scheme is 0.2 rd/s,

~ Intake efficiency Of the existing Langkenme intake faclllties is
B8O %.

(1} Available water for the existing micro hydtopower;sfatidn
i} Available water without project

The pvailable water for the éxisting micto~5ydrop0wer station is
given by the equation below.

Op =90l x Bi - §c

available water for hydropower (m3/3)

Where, Qp :
0l : discharge in the Langkemme river {m3/51
Ei : intake eéfficiéney (= 80 1)
Qc : diversion requirerent for Cennae scheme(" 0. 2 m3/s)

The available water {Qp) is calculated in 10- day basis for five
years from 1975 to 1979. :

il) Available water with project

~ The available water is represented by the following two
equations. The smaller valué of Op is applicable,

Op = (Ot + QL + 0s) x Bi - Qi
Op = ¢l x Bi
Where, Qp : available water for hydropower (mdyg)
Qt : discharge in tributaries (m3/s)
01 : ‘discharge in the Langkeénee river {n3/s)
0s : discharge in the Sero river (a3/s)
Ei : intake efficiency (= 80 1)
oi : dwétslon tequiteaent for the Project (m3/s)
ol = {Qe/1,000) x 6,400 ha
Qe : seasonal unit diversion requireaent (l/s/ha) (see

Table 4.1.22 in Annéx 1t, Chapter 1v)

The available water (Qp) is calculated in 10-day basis for the
same fivé years as without Project,

VIIL - 2



{2) Possible operation perfod of the existing micro hydropower station

. The pésQibf_lé 'ope?lration period of the existing piéco hydropowet
station is il!ustrated in Fig. 8.1.2 of both without-the-Project and
with-the-Project conditions. The summary is as €ollows:

. _ ' ' . ' nonth,; (%)

Year Without Project With Project

1975 8.0  (67) 10,0 (83)

1976 7.7 (64) 8.0  (67)

1977 10.0 (83) 10,0 {83)
1918 12.0 {100} 12.0 (100}

: 1979 : 9, {78) 3.1 (81)

Average. 9.4 {78) 10.0 (83)

8.1.4 Replacement of Hydropower Rlant

In the ¢arly stage of the study, it 1% considered that the
operation of the micro-hydropower plant be remarkably influenced with
the implemedtation of the project and be replaced for compeénsation. As
previously discussed, the present operation of the station would be
ensured and rather improved even after the completion of the project.
This is mainly attributable to the Séro river diversion, Ho
replacement of the existing hydeoposer - plant would be proposed with the

fmplémentation of the Langkemme treigation Project.

8.1.5 Present Power Consusption

Daily avérage of peéak demand, generated energy, etc. in the Cennae
poqer station are as 11lusteated in Pig. 8.1.3.. The maximuwa poser
demand is recorded at about 47 kW. About 40 kW, out of the generated
posér aré delivered to Takalala by a single-circuit 6 kv distcibution
line of about 10 km long and the remaining about 6 kd, to Cennae by a
depatate low voltage distribution line of 220 - 127 V.

Prosent contracted consumers are 291 households in total, 220
households in Takalala and 71 nouscholds in Cennae. The genecated

poder is oonsuted mpainly around the station and the market at

makalala., Per capita annuval power consumption at both villages is
estimated at about 123 kWh in power energy and 23 kd in peak power at
present, Tariff structure of PIN is very complicated as shown in Table
8.1.2 according to catégory of consumers.

8.1.6 Power Demand and Future;ggveidggqu

A femarkable gramth of power demand will be surely caused by
eléction of new poder plant and extension of distribution systea in and
around the Kampung Cenhae, Takalala, Congko and Jennae, But the

capacity to be nesly developed is unable to cover the increased demand

vIiil - 2



and, in addition, it is quite dlffichlt to get new power source fron
other circuit grids, because the existing disttibutlon system is
completely i{solated from the other grids, _

Small scale poaét'plant and supply system are undet construction
in the Kampung Jenna2: a diesel engine genécator of 100 kvA is
- 1solatively proposed for the Kampung Jennae and Takalala together with
new distcibution lines of 6 kv of 3.3 km 1ong. (see Fig. 8.1.3).
Furthermore, low tension gisteibution system is also under construction
€rom the Kanpung Takalala to Jennae.

8.2 HYDROPOWER DEVELOPMENT PIAN IN THE LANGKEMME CANAL SYSTEM

'8.2.1 Available Head

A micro hydropower station is proposed in the Langkemme mafn canal
systea, taking into account of the effective use of hydraulle head
caused in the system. A 16t of drop structures are proposed in the
Langkémme main canal to dissipate excess hydraulic energy which is
available Eor hydropower generation. Based on the result of the
topogcaphic survey along the route of pain canal, a site potential for
hydropower genetation is selectéd at the boundary of the Keécamatan .
Liliriaja and Mario Riwao, close to thé Baruttunde river. Accordlng to
the detailéd topographic survey, it is clariffed that about 11 m of
hydraullc head are available in gross At the selected site, The
topographic condition at the site is as illustrated in Fig. 8.2.1,

8.2.2 Available Discharge

Seasonal fluctuation of the discharge in the main canal at the
‘proposed sité is by-monthly clarified according to the follcwnng
procedure, consequént on the analysis of hydrology and irrigation
requirément: . v

- The discharge data of the Langkemme and thé Sero river in 1976,

which is the droughtest year for récént S years, are picked out
and summed up,

- The dependable flow on the both river is by—monthly éstimated by

multiplying the sunmed—up tiver flows by the intake effictency
of 80 3,

= Thé maxirum dependable £low wovld be limited within the maximua
conveyance capacity of 5 m3/sec, and

- The nonthly fluctuation of discharge at the prOposed site are
modified by multiplying the depéndable £léw by the comsanding
catio of 77 1, because the Langkemue main canal {from the iatake
_to the site) irrigates about 23 % of the whole project area.

The mohthly discharge available for the podet generatlng is
estimated based on the above procedute and sumaarized as follows:

VIIE - 4



Hohth

Jan, Feb. Mar. Apr. May Jun, Jul, Aug. Sep. Oct, Nov. Dec,

' Q (cu.n/sect 3.1 2.9 3.0 3.2 2.8 3.% 3.1 2,0 1,3 2.1 2.7 3.6

Notet Dally maximum water £loWw ..... 3.9 cu.m/sec (estimated as four
hours at the evening}

8.2.3 Dévelopnent Plan

In v;eandf the present pattern of datly load curve (Fig. 8.2.2) a
peaking périod of around Four hours seeas to be appropriate, The
generating plant installed in the station should be glven a capacity
for péak power gea¢ration fh due consideration of the fluctuation of
irrigation water supply, because no water would be additionally
allocated to the péwer generating. On the basis of the available
discharge estimated in the previous section, the monthly generating
output and dependable energy production are estimated as shown in Table
8.2,1 (1). At the maximun available discharge of 3.9 n3/sec
(eguiyalent to 77 ¢ of the naximua Intake capacity), the daily maximum
output of about 315 kW would be generatéd. The annual energy
production at the station would amount to about 2,000 MwWh per annua.
(See Table 8.2.1 (2)).

8.2.4 Dbesign and Cost Estimate of Power Station

(1} Power house

A floot space of about 70 n2 would be required for the proposed
power generating plant. As shown in ?ig. 8.2.3, the substructure of
about 3 @ below existing ground level would be constructed by
reinforeed conceete on the base rock. The superstructure of about four
m would be mainly built by brick works.

{2) Pouef'geherat{ng equipnent

Hydraulic turbine

The hydraulic turbine to be installed at the power station would
he tubular type with a draft tube, Owing to the fluctuation of the
frcigation water, the tucbine would vary fron a peaking water flow of
3.9 cu.m to a mininun flow of 1.3 cu.m at around 11 m gross head. Aas
the result of the exanmination of the design condition, daily peaking
Flow of 3.9 co.m at 11 m gross head is adopted for four hours.

The turbine would be glven 500 rpm rated speed and 315 ki rated
output at 3,9 co.m and 11 R head, and at minimun water Elow of 1.3
cu.m, the output of the turbine will be calculated as about 83 kW. (See
Pig. 8.2.4). The follosing are the items which were taken into
consideration on selection of the hydraulic turbine to be installed in
the power statlon.
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(i) Basic data _ - o
Maximum water flow {daily peak) 3.9 cu.n

Minimwa water flow (in September) 1,3 cu.m
Gross head 11 m

{ii} Type: ‘Tubular
(ili) Speed: 500 rpa
{iv) Output: 315 kW
(v) Draft head: Maxinum L m

Alternator current geénerator

The generator to be installed at the power station would be
horizontal shaft coupled with gear (speed incréaser), having 1,000 cpm
of the speed and being rated at 400 kVA, 380-220 v, 3-phase synchrénous
generator; S0 Hz and 0.8 power factor. The terminal voltage of
generator is selected at 380-220 V as the most economical voltage for

the prqposéd capacity.,

Step-up transforimer

be rated at 400 kVA, 50 Hz, 3-phase two 'windings, 380-220 v delta to
6 kv star connécted outdoor, self-cooled type,

The step-up transforamec to be inStalléa'at[the_powef'statiéh would

(3) bpisteibation line

The generated powér would be supplied to surrounding villages by
ne#ly, installing 6 kv distribution line including step-down
transformer., The new distribution liné would be connécted to the
existing 6 kv line extending from Cénnae to Takalala, Typical
assemblies for 6 kV distribution line is shown in Fig. 8.2.5. The
aetworks of distribution 1line after the completion of the new
hydropower cystem are laid out in Pig. 8.2.6. '

(4} Construction ¢ost

The total construction cost of the genérating equipaént and power
transaitting facilities is estimated at Us$1,211,000 comprising the
foreign currency portion of US$655,000 and the local currency portion
of US$556,000 equivalént. The suwrary of the estimaté is glven below,

The prices for the generating equipment, distribution line are

estimated refering to the curtent prices in the Japanese market in
October 1980. It is assuaed that the custon dutfes on the imported

plant and materials would be exempted.
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Forelqgn Local . Total

Iten Currency Currendy
— _ (103x Us$) (103x us$) -(103x Us$).
I. Generating Bguipment 454 83 537
Il. Distribution 96 460 556
‘ 6 KV (8 km W/Tr. 400 kVA) -
L.T. {8 km W/setvice wire)
ILX. Enginééring & Administrative 105 13 | 118
Expenses _—
Grand Total _ 655 556 1,211

(5) Constsruction plan

Almost all of construction works are affected by dry and wet
seasons, especlally, building coastruction works. Transportation of
the genérating facilities is often interrupted br; heavy rain during wet
season. The construction plan should be prepared in due consideration
of the climatic conditions in this project area.

Poser generating equipment

Working time is estimated at about seventeen months inciuding
manufactucing, transportation and erection at site.

6 kv distributicn line

The route of the 6 kV distribution line from Cennae to Takalala
run through the paddy Eield and along the road., wWhile, the 6 kv
distribution line from the proposed power station to existing 6 kV
disteibution line would be constructed through the forest and along the
road which Is newly constructed. The construction works are possible
even In the raliny season.

Transportation

Al}- equiprent and matetials would be unloaded at Pare-Parée port
which has unsufficient unloading capacity for the power plant for the
project. The equipment and materials unloaded at Pare-Pare port would
be transported to the site by tratlor,

Constcuctioi time schedule

Overgall schedule including design, manufacturing, transportation,
field construction, erection, ete., is barcharted as showa in FPig.
8.2.17. :
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8.2,5 Anticipated Senefit

"{1) Value of generated ﬁower

The value of thée new hydropower is measured based on the cost
tequired for the production of the equivalent energy by the leéast cost
altetnative means, Two units of diesel engine-generator plants with a
capacity of 320 kW are equivalent to thé alternative of the proposed
hydropower generating plant; one unit would be conslderéd for stand-by
because engine geaerator might be frequently shutdown for malntenance.
The capacity value is estimated as the alternative cost as shown below:

Poreign cﬁtrency Us$56%,000
Local cuccency us$ 15,000
Total Us$575,000
Per kit Installed c US$898/kW

Annual fixed ¢ost

Interest and depreciation (Capital Recovery)

8 % for foreign currency . . us$ 50,000

8 % for local curréncy Us$ 1,400
Fixed O & M (20 % of the _
construction cost) : T Us$115,000
Total . us$116,400

Capital recovery Factor (30 yeafs)
8% : 0.08883
Annval fixed cost per kw installation US$260/kd

The following adjustments are made £6r the difference between
hydro and diesel plant,

"Hydro i}) . Diesel (%)

Distribution Loss 15 ' 15
Porced Outage - : 0 12
Overhaul and Inspection | 2 8
- Auxiliary Power Use ' 2 4

VIIT - §-



Compensation Factor = {120:15)(1-0) (1-0.02) (1-0.02)
(1-0.15) (1-0,12) (1-0,08) (1-0,04)

= 1,236
Capacity value = 260 x 1,236 = US$321.4/kW
(2) Energy value
Energy value is estimated as follows:
Energy cost

Fuel cost + 0.08 Uss/}
Fuel consumption : 0.28 1/kdh

Requested fuel cost per kiwh is estimated at US5$0,0224,

Adjustment in difference betweea hydro and diesel plant is also
appli¢d to fuel consuaption:

Hydro (%) Diesel (%)
pistribution Loss 15 15
Auxfiliary Power Use 2 4

{1-0.15) {1-0.02) _ 1.0:

Coampensation Factor = (1-0.15) (1-0. 04) «02

Energy value = 0.0224 x 1.02 = US$0,0228/kWh

{3) Annuval benefit

On the basis of the capacity value and energy value calculated
above, annual benefit from the new hydro powet station is estimated at
Us$114,000 as shown belod:
Capacity benefit
233 kW x US$3I21.4/kd = US$74,886

Energy benefit
2,036,700 k¥h x 0.85 x US$0.0228/kWh = Us$39,421
{0.85 1 Distribution loss excluded)

Total annual benefit

©B3$114,375
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Table 8.1.1 Existing Micro Hydropower Equiprent

TYPQ _ : Horizontal Shaft, Francis Type (No. 6153)
Year of Manufacturing: 1971

Rated Speed t 628 r.p.m.

Rated Head : 12.5nn

Rated Qutput

134 BHP (Approx. 100 kW)
GILBERT GILKES and GOLDEN Lib., KENDAL

Mame of_Haker

ENGLARD
Governor _
Type : O0il Pressure Governor (No. 1128)
Size : B
Capacity : 900 Ft. 1b
Name of Maker . GILVERT GILKES and GOLDEN LiD., KEXDAL
ENGLARD
Inlet Valve
Type s JFPG
Bore : 24

Max. Water Pressure : 150

Name of Maker

ELLIOIT and GARROOD L¥D., BECCLET SUFFOLK

Generator

Type : TBF.600.C (No. 61034), 1-phase, 50 Hz,
: 1,000 r.p.m. 2207127 V¥

Year of Manufacturing: 1971
Capacity : 112 xVA (P.F.: 0.8) = 89.6 k¥

Distribution Cubicle (Ottermill)

Following meters were mounted on the front of the cubicle.

kWh x 1
kW x 1
Ax1l
¥xi
Hz x 1

Step-up Transforcer

3-phase, 50 Hz, 6,000/220 ¥, 100 kVA, ONAX
Iopedance 4.85%

Vector Symbol : Ydil
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CHAPTER IX  LAND OONSERVATION
9.1 GENERAL

?hejwatét §burces'f0r the Langkemme ircigation project would
malnly depend on the Langkemme clver, the Sero river and seven
tributarfes of the Walanae river. fThe catchment areas of these rivers

aret
Langkemme river 104 Xn2
Sero river 306 Km?2
Seveén tfibutariEs of the Walanae river 104 Km?2
Total ' 514 Km2

The major objectives of the present study are (1) to clarify the
existing condition of relevant watershed and present land-use, and (2)
to study the possibility of reforestation and construction of Sabo dans
for the conseérvation of watér resources and (3) to prepare a
recomnendation on the measures for land conservation in each watershed
of the rivers relevant to the project.

The present status of the said catchment areas has been studied
mainly on the basis of aerial photoés and tdpographic maps scaled
1/25,000. Pield fnspection has also been made to check the preliminary
results of photo interpretation, and data on afforestation, land
conservation, erosion control, ete. have been collected mainly £roa the
Ministry of Agriculture, South Sulawesi Province and the Bila - Walanae
branch office of "Pimpinan Proyek Perencanaan dan Pembinaan Reboisasi
dan Penighijavan Daerah Aliran Sungai (DAS)* (Project for planning and
establishment of Reforestation in watershed areas).

9.2 PRESENT CONDITION OF WATERSHED

9,2.1 Langkemie River

Two major tributaries Of thé Langkemue, the Kasi and the Laici
rivers, originate in the Mt, Niniconang of 1,474 m in altitude and Clow
down into the Langkemae river, joining many snall tributaries, The
total length of the Kesi and Lairi rivers is about 27.5 Ka and 17.3 ¥n,
respectively, The Langkemae river further flows down about 12 Knm to
joln the Sero river and ¢hange its name into the Mario river. The
total watershed of the Langkemme river syste: Is about 104 Ke? at the
confluence with the Sero river. The lowest elevation of 130 m is found
at this confluence. ' '

The watershed of the Langkémae river systea is rostly regarded as
‘the mountains and Is topographically classified into three types, i.e.,
clife, stéep slopes and moderate slopes. The clitf areas extend mainly
along the main stceam of thé Langkeme ¢ivec, ' The steep slopes between
15 ¢ and 30 § occupies about 80 § of the total area. The moderateé
slopes ess than 1§ § extend mainly along the lower reaches of the
Langkemte river. The area with poderate slopes is about 5 % of the
total area. '
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Tno base rocks in the watershed ave andesides, coral limestone and
weakly cemented sedimentary rocks. The andesides (andeslte and tuEf)
are widely disteibuted in the upper region of the watershed, The coral
limestone, covering upper part of the andesides, is sporadically found
along the lower reaches of the Langkémme river., The weakly cemented
sedimentary rocks are distrlbuted in the southern part of the catchrent
area.

Most of the Langkemie watershed are covered with forest and bush,
The présent land-use in the watershed area is sumnarized as follows:

Land-use Area Proportional
cateqgory . L _ . éxtend
{ha) ()

Porest | 7,210 9.0
Bush and scrub : 1,930 . 18.5
Grassland 790 7.6
Agricultural land - 430 4,9

~ Paddy field (* 160) { 1.6)

- Upland field { 230) { 2.2)

- Occhard { 20) { 0.2)
__Total 10,400 100,¢

At present, the ageicultucal activities are limlted to the areas
'extending along the  lower reaches of the main Stream of the Langkemze
river. MHost of the watershed have not been daveloped oe#ing o6 lack of
access and are maintained as prizeval forest and bush eomprising a wideE
variety of trees and shrub,

9.2.2 Sero River

. The Sero civer system comprises two major tributatios, f.e.,
Jupang and Pising. The Jupang river, covering the largest watershed of
about 269 KmZ2 in the Sero river system, origlnates in Mt. Maleampong
- of about 1,350 m in altitude and fléws down about 30 Km from south to
north. The Pising river has a watershed of about 37 sz and
originates in Mt, Dua of 996 am. It flows down about 10 Ka from west to
€ast and join into the Jupang river. After the confluence of the
~ Jupang’ “and Pising vivers, the strean changes fts namé into the Sero
tivers and reanders about’ ‘three ¥m to join the Langsemne tivets.

The watershed of the Juoang river {s’ tépogtaphlcally dividéd into
three types, i.e., mountain, upland and idwland. The rovntainous area
has a greéat range of topography in elevation, coapcising cllfi talus,
steeply dessectéd mountain slopes and rough broken slopes, The
 nmuntaindus aréa occupies about 70 % of the watershed. Thé upland acea
~consists of wide variety of hillcéceks with ‘steépest slopea betweea 15 3
‘and 30°% 'and range of elevation bélag rodérate. About ohe- ~thifd of
these uplands ate presently used for cultivation of coconuts, ‘banana,
raizé, droundnuts and tobacoo These upland areas occupy about 20 t 4f
the total atea. The owland areas éxtend along the many tributaries of
the Jupang river and most of thea are uséd as paddy fléld at present.
it oacupies about 10 & of the whole watershed,
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The watershed of the Plsing river has been well developed for
agricu}tu;a;;productlon. About two-third of the aréa is pugeundet
0u1t1va§£9n of crops due to {ts moderately undolating topogcaphy and
the southg;n'one*thlrd of the area is mountainous and is nostly covered
with bnshes and grasses. Thére 18 no forest in this watershed,

- The watershed of the Jupang river s mostly covered with limeéstone
(Pliocene). ' Alluvial deposits are observed along the lower reaches of
the Jupang river and its ‘tributaries. Tn thé watershed of the Pising
tiVer, §ndgslde$_and sedimentary rocks are predominant with relatively
deep surface solls, The present land-use in the watérshed arc¢a of the
Sero river system is summarized as shévn below:

Land-usé Area proportional
cateqgory o extend
(ha) {%)
Focest 6,880 22.5
Bush and sccub 7,390 24,2
Grasstand. 13,000 42.5
Agricultural land 3,330 10.8
- Paddy field {1,920 { 6.3)
- Upland fleld {1,190) (3.9
-~ Orchared (_220) ( 9.6)
_ Total 30,600 160.6 R

In cécent years, the fofest and bush lands extending along the
district roads have been gradually reclaimed for shifting cultivation
and this rapid reclaimation has alceady caused serfious erosion
probleas. In addition, it is pointed out that the forest and bush
lands are gradually depleted by over-grazing of cattle and sheep.

9.2.3 Seéven Tributaries of the Walanae Rivet

The seven tributaries of thé Walanae river originate in the
westein hilly ranges and fiow down along shallow vale froa west to east
and Finally debouches into the Walanae river. They are Eron north Lo
soupth! '

Rivers _ Catchent area
t¥=2)
R. Belo ) 1
R. Maccope T 1l
R, Panincong 12
R. Congkal 13
R. Labemba 1?
R, Baruttungnge 11
R. Haddenra I
Total : 104
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Those watershed arcas of seven tributaries ace topographically
divided into two groups, i.e., upland and lowland. The upland area has
noderately undulating topography with the steepest slopes less: than
30 % and occuples about 95 3 of the total watérshed, The owland
extend along the teibutaries. Host of them are presently used as
icrigated paddy fields. The Yowland areas are about five § of the
whole watershed, The most of the upland areas are geologically covered
with andesites and tuf€. Limestones ace sporadically observed, but not .
predominant, Alluvial deposits are developed on the lowland acea, The
préseat land-use in the watershed areas of seven tributaries afe as
fo110ws:

Land-use Aceca Proportional
__category L e _ - extend
{h3) (%)
Porest 3,520 - 33.38
Bush and scrub 2,510 _ 24.4
Grassland 3,060 29.4
Agricultural land 1,290 12,4
- paddy field { 340) ( 3.3)
- ypland field { 800) O
.. = QOrchard __{ 1s59) {1.4)
__Total 10,400 L 100.0

In this area, shifting cultivation is comnon, The Corest areas
are gradually depleted and soil erosion has become rather serious,

9.3 WATBRSHED MANAGEMENT PLAN
9.3.1 Basic Contept

In the watershed area, forests play the important tole for
consetvatlon of s6i1 and water resoucces, The Focests gennrally fix
the soils on the sloping lands and control the excess percolation and
surface runoff., As a result, the forests louyer the maxinue flood
runoff and also stabilize the minimum discharge of the rivers. The
forest prevent the watershed from soll erosion; therefore, the runoff

water would be kept clean with qood water quality. The forest aréas in
each watershed are:

wWatershed Catchment - Poréest - Proportional
' __area area extend
{ha)  (ha) {%)
LangXkenne 10,400 C 7,270 S 69,0
Sero | 30,570 6,880 . 22,5
Sevea tributaries 10,400 3,520 33.8
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It seems that there is some correlation between the land-use
condition, especially area of forest, in each watershed and
hydrological charfacteristics of river runoff., The watershéd of the
Langﬁgnme g{yer is mostly covered with forest and bush, énd_has almost
no p:oblemrtor s0i1 and water conservation., The watershed of the Sero
river systen has been progressively reclaimed for shifting
cu%tlvation. The forest resourdes aré graduslly depleted and are not
eagily regenerated under present condition. The existing ¢onditions of
the watershed of the seven tributarles are almost same as that of the
8ero river. Urgent measures for sofl and water conservation will be
réquired £or the watershed areas of the Sero river and seven

tributarfes, With this in view, the basic concept for watershed
ranageaént would be as follows:

(1) Soil and water conservation will have to be made through overall

watershed managenent including reforestation, erosion control
works and constroction of Sabo dams.

{2} In due consideration of existing conditions of watershéd areas,
the first priority must be given to reforestation.

(3) The present unrestricted cutting of trees in the Eorest areas will
have to be controlléd by the Department of Poréstry. 1Ia
particolar, the trees on the ridges will have to be maintained.

Once such trees are cut, natural régeneration is very difficult
because of limited availability of soil moisture.

{4) Since over-grazing of livestock animals in the bush and grassland

will cause damage to the newly- planted trees, animal grazing Hlll
also be ¢ontrolled by the government officials,

(5) The erosion control works will be necessary in the seriously
affected areas. The establishment of sand prevention forest and
hillside wicker work will be recomaendable for this purpose. The
construction of Sabo dams will not be necessary at present out
wlll have to be studied in the future.

9,3.2 Refotestatlon

On the basis of basic concept mentioned abave, the following
reforestation plan is considered: .

{1) Tree égggiés

The tree species to be Introduced should have the following
charactecistics:

a., multiplication of seedlings is ecasy and not expensive,
b. rapid multiplication is possible in a short period, and

. ¢. 3seedlings could be easily grown underx presént unfavoucrable '
condition.
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in due considecation of these priaciples, it is fecommended that
various leguminous trees and "Plinus merkusii®, Indonesian pine teee, be
inteoduced to the watershed area. The' lequninous’ trees have an
advantage of nitrogen fixation and make the soils’ fectile, Tt is
ceconsended that the leéquninous trees be planted malnly adousnd the
present agricultural lands, The Pinus me;kusij can be grown well even
on the very thin soils, Its growth is very rapid. According to the
information from PAS, it grows upto 20 m within seven years after
tzansplantlng. The Pinus méerkusil is better geown in high altitude
area. It is therefore reécomunended that Pinus merkasii be lntroduced to
the mountainous areas.

{2) Areas for reforestation

It is proposed that forest area should be expanded upto about 76 %
of total watershed ateas. In the Langkemmé watershed, réforestation
work will mot be necessary, bécause ib is already tovered with forest
at vresent, The reforestation work will be made only to the watershed
areas of the Sero rivers and seéven tcibutaries of the Walanae river.
The total area to be envisaqed for reforestation will be about
18,000 ha as shown onlow~

Sérd river t 14,300 ha

Seven kributaries : 3,700 ha
Total 18,000 ha

{3) MNutrsery requirement

The nursery will have to be established at thé rfate of one nursery
per about 2,000 ha, taking transportation of seedlings into
consideration. About 20 nurseries will bé needed in total. The
proposed planting density will be 4 » ¥ 4 m,  The unit seedling
requicenent will be about 1,000 pér ha under ‘the assumption that
survival rate is about 60 3, The proposéd nursery will have to produce
2,000,000 seedlings in total, Taking five years for reforestakion’
work, the annual production requirément For seedlings will be 400,000
pet mursery. The size of nursery will be 0.5 ~ 1.0 ha.

The seedlings will be grown in the nuisery for 6 months from
April/May and transplantéd in Novémber/December. The nursery will have
to be possibly irrigated, though permanént irrigation faclilities are
not required. The planting holes will have to be dug as deéply as
possible in order to increase the survival rate,

(4) Prelininiry cost estimate for reforestation

‘Aocording to the past experliences of DAS for réforestétidu, costs
for establishment and operation/maintenance of nursery arcunt to about
Rp.40 per ‘seedling on an average, Por planting the seedlings, one
lab0urer can transplant 50 - 100 seedlings in a day. Ona the basis of
these information, the cost required for thée envisaged réforéstation is
roughly éstimated as follows:
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item Arount

{US$ eq.)

Establishuent of 20 nurseries 512,000
Planting cost 256,000
Other miscellaneous cost (20 ¢ of above) 152,060
Total T 530,000

{5) Organization for reforestation

All the reforestation works will have to be carried out by the DAS
project which was enforced by the Presidential begree No.8 in 1976,
Thé project aims at reforestation of about 40 million ha of bare lands
extending all over the country., The project has been jointly managed
Ly BAPPENAS and Ministries of Agriculture, Pinance, Public Works,
Interior and Environment. In the South Sulawési Province, there are
three branch offices of thée DAS project, i.e., Jeneberang, Sadang and
Bila-Walanae, The total area of reforestation envisaged by these
branch offices are about 600,000 ha, The areas undet preésent study
belong to jurisdiction of the Bila-Walanae branch office.
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CHAPTER X PROJECT EOOHOMY AND FINANCE

10.1  ECONOMIC BVALUATION

- The economic benefit is worked out on thé basis of the Price
Prospect for Major Comrodities, 1IBRD, 1980 and agro-econonic study.
The economic project cost is worked out based on the cost fimancially
estimated at 1980 price level as compiled in ANNEX IT, CHAPTER 1V, The

¢cononic €easibility of the Project is evaluated in terms of econoasic
fnternal cate of return (IRR).

10.1.1 Econonlé Benefit Flow

Irrigation benefit by each crop is estimated at the full
development stage in CHAPTER IE and given in Table 2.6.2. The
frefigation benefit expectable under each Work Division Is also worked
out and compiled in Table 2.6.2 (2) (3) and (4). To obtain economc
Elos of the projéct, per-hectar direct benefit is re-arranged as given
in Table 10.1.,1, based on the Table 2.6.2.

It is assumed that the project would be implemented in 1982 fiscal
year. The second paddy in 1983 would be partially planted and partial
ircigation benefit would initially accrue in 1984, The area to be
benefited would be extended year by yeatr, according to the coastruction
plan proposed in ANNEX 1T, CHAPIER V.

Build-up period for full development of paddy production is
assuned to be five years after implementation of each construction
work. The assumed build-uvp period is likely to be relatively short but
surely conservative, hecause the cultivation practices for paddy are
considerably advanced in the project area. The per-ha direct benefit

daring the build-up period would be linearly increased to the full
developrent stage,

While, bulld-up period for polowijo crops is assumed to be 10
years after their intcoduction in due consideration of current farming
practices For polowijo crops in the project area. The per-ha direct
benefit during the build-up period would be also assuned to be linearly
fncreased to the full developzent stage.

" Based on the presumptions above, the annual direct benefit during
build-up period is calculated by each irrigation area, as shown in
Fable 10.1.2 and then, the économic benefit flow is sumnarized in Table
10.1.3 and illustcated in Fig. 10.1.1, The direct benefit at €ull
developaent stage Is attained at 1996 within 12 years after the
coniencement of the project in 1982,

10,1.2 Ecoroxic Cost Flow

The transfer payRent incotporated in the fihanqia\ project cast is
docned to be 163 equivalence of the direct construoction cost,
replaceaent and o/ cost, and 2% of engincering and adainistratin
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cost., The economic project cost is estimated at 1980 price level by’
deducting the transfer payment and price contingency. The economic
project cost amounts to about US$21.7 million as shown in Table 10,1.4,
conprising about US$10,0 million of Eoreign currency portlon and about
US$EL.7 million equivalence of local currency portion, (See Table
10,1.95)

The enginecering works for the project will commence Ln early 1982
‘€isical yeal and be conpleted by the end of 1986 fisical year; whole
the project works are Implénmented within five years. The O/M and
replacesment costs for the project are financially éstimated at 1980
price level as shown in ANNEX II, CHAPTER IV. ‘The ecconomi¢ O/M and
replacement costs are also estimated by deducting the transfer payment
accroding to the assumption above. According té the construction
schedule proposed in ANNEX 11, CHAPTER V and the work quantities, the
Elow of the project cost, O/M: dost and replacement cost are prepared as
shown in Table 10.1.56.

10.1.3 Economic Internal Rate &f Return

The project life is 50 years from 1982 to 2031 fiscal year. The
construction period is five years from 1982 fiscal year including abdut
one year for the detailed design, The projéct beénefits will accrue in
1984 and increase year by year to attain the maximum Yével in 19%96.

The O/M cost of the project will be initfally distributed fn 1934
whén the partial opeération will commence. The 0/M cost increase
linearly year by year and will reach the full amount in 1987 when the
full operation will stact for the whole project area of 8, 400 ha. The
gates and their attachmeénts would be replaced once during the entire
period of the project life and the other materials povided for the
1trngat10n systen are replaced four times during the prOJect 1ife.

Thé economic internal rate of return is calculated as given in
Tablée 10.1,7, based on the econounic bepefit and cost floss prépared
above, ‘The econoamic IRR of 14.7% is estimated as the benefit and cost

flows would be scheduled. It is verified that the project is
econonically feasible.

10.1.4 Sensitivity Analysis

Sensitivity analysis is also made in xespect to changes fn annual
iecigation henefits, project costs and over-run Of build-up perlod,
The follouing five changes to be anticipateéd ate testedt

Case~l: Cost is 20% increase of the total estimated one and
benefit is as scheduled. .

 Case-2: Benefit s 20% decreases of the total antiéipated ones
and oost is as scheduled, '



Cﬂse‘3l. Cost is 20% increases of the total éstimated one and

benefit is 20% decreases of the total anticipated one,

Case-4: Build-up period requires more two years than proposed.

Case-5t Build-up period requires more two years than proposed

and, moreover, henefit is 20% decreased of the total
anticipated ones.

The calculation of ecach case is given in Table 10.1.8 and the
results can be surnarized as balow:

Casé-1 12.7 ¢
Case-2 12.3 %
Case-3 10.6 %
Case-4 13.7 %
Case-% 11.5 %

The Case-3 (20% increase of cost and 20% decrease of benefit)
indicates the lowest economic internal rate of return but stil}
matntains greater than 108, The project is still insensitive against
the anticipated changes.

10.2 PINANCIAL EVALUATION

The financial project cost is estimated at 1980 price level in
ANNEX 11, CHAPTER IV, It awouats to about US$34.6 millioa including
about US$10.9 million of the price contingency for five years. The
annual disbursement is prepaced as given in Table 10.2.1 on the basis
of the implementation schedule proposed in ANNEX II, CHAPTER V. The
project cost is initially disbursed for the engineering works,
administration cost and the preparatory works in 1982 fiscal year and,
finally, in 1986 fiscal year.

The financial evaluation is made on the cash-flow statement fron
the viewpoint of the project executing organization which is
résponsible for both the construction and the O/M of the project. To
prepare the statenent, the follosing assumptions are made:

1) Both full amount of foreign currency and about 31% of local
currency portion {30% equivalence of total loan atount) woold b2
financed by international financing agency. The loan amounts
total about US$23.4 million including 3.5% of annual interest
within seven years of grace period,

ii} The remaining about 698 of local curcency portion would be
fimanced by the budget allocation of the Governmeat,

iii{) The O/H cost would be disbursed froa 1983 when tﬁe project is
partlally operated,



iv)

v}

The replacemeat cost would be periodically disbursed depending
on durability of matérfals: gateés and thelr attachments would
be replaced at 25th year after installed and the other materials
would be replaced every 10 years, '

The project cost would be disbursed in accordance with the
fmplementation schedvle as proposed in ANNEX II, CHAPTER V,
The repayment for the project loan would be subsidized by the

Government; the project loan would be paid off within 27 years
including seven years of grace period, ' '

Annual repayment amounts to about US$1.65 miltion,
The 0//M and replacement ¢ost would be also subsidized by the

budget allocation of the Goverament; no water charge is
collected from beneficliary farmeérs. ’

The cash-flow statement of the project is given in Table 10.2,2.

The statement is balanced bty subsidizing the full amount of the project
cost and annual costs fFor major project facilities. ' The beneficlary
formes under the project only bear the O/H cost for tertiary and
quaternary faclilities, C
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Table 10.1.4 Econonic Cost _of the Project

e o _ (us$)
: Local Foreigno ey
L Work lItem Currency _ Curvency Total
I[. Construction Cost
(Work Division I)
Preparation 234,000 - 234,000
Weir in Tributeries - 375,000 90,000 465,000
Link Canal in NT Area 1,139,000 216,000 1,355,000
Tertiary Development 371,000 - 371,000
Land Acquisition 147,000 - 147,000
Sub-total 2,266,000 306,000 2,572,000
(Work Division I1)
Prenaraticn 723,000 - 723,000
Langkemme Intake Weir .+ 176,000 89,000 265,000
Langkeseme Canal 1,688,000 3,268,000 4,95@,000
Link Canal in ST Area - 17,000 21,000 5 9?,000
Tertiary Developaent 1,532,000 - 1,532,000
Land Acquisition 374,000 - 374,000
Sub-total 4,570,000 3,378,080 7,948,000
(Work Division 11I)
Preparation 396,000 - 396,000
Sero Intake Weirs 97,000 - 23,000 120,000
Sero Diversion Canal 356,000 1,813,000 2,769,000
Link Canal in DPU Area 113,000 24,000 37,000
Tertiary Developzent 800,000 ~ 800,000
Land Acquisition 134,000 = 134,000
Sub-total 2,496,000 1,860,000 4}356,QQQ
Total 9,332,000 5,544,000 14,876,000
1. Engincering Service 195,000 3,113,000 3,628,000
ITI. Adainistration Cost 376,000 - 929_999
Iv. Physical Contingency (15%) 1,524,000 1,308,000 .%-?92_999
Grand Total 11,687,000 10,025,000 21,712,000
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Table 10.1.7 Internal Rate of Return
(on the Fconomic Basis)

Rate Cost Benefit

(%) ( 10%us$ ) ¢ 10%us$ )
5.0 27,694 92,868
6.0 _ 23,814 60,925
8.0 21,095 42,007
10.0 19,052 30,170
12.0 17,431 22,397
14.0 16,091 17,080
14,7 15,673 15,618
16.0 14,952 13,313
18.0 13,964 10,566
20.0 13,092 8,514
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