Table I1.2:1  Stratigraphy of the Study Area

Rock Facles - DIstribution

Age Foreatica and
- . - Stratigraphic
Perlod Epoch Relation
Holocene Alluviua
Guaternaty
Coconformity

Riverted depositi Cravel acd Sand = through s
water couree, 1 or 2 peters fn thickness
Flood water depostt; Mafnly gravel with saad
~ fa chanre}, wske a flat plain sbout 1
reter height froa riverbed

Alluvial terrace deposit; Silt in upper half,
coddble Lo lover half, rake a flst plaln
about 3 meters befght from siverbed

Plefstocene D luvive

Unconforaity

Dituvial terrace deposit; Dark gray silt vith
2631l gedble of Ireestoae in upper bost,
bluish gray clay snd light brown szandy clay
in lower part - make a diluvisl flat plain
shout 8 ecters helght fros riverbed

Plfoceae Mollsse

Rhyolftic taff brec¢ls and tuffacecus sand-
stoce, redlally or veakly consolfidated
-~ East eargio of frrlgaticon 2rea

Sandy siltstone tearing Holluscs and puaiceous
sandy tuff and tuffaceous silistone, poorly
consoltdated - cccupy central part of
fcelgation area

Basal conglecerate, pebble, weakly or pedially
coasolidated - west Eatgtn of frrigatica
area

Uonconformity

Neogene

Intercediate
Hiocene and basle
volcanic rocks

Terciary

—Conforatty

Upper; Andesitic voleanfc breccis 2ad tuff
brecela - westward of freigatico aves,
partly occupy Parots secondary canatl

Hiddlei Alternation of siltstoie and tuf-
faceous sandstioce, pedially <cosolidated,
partly tntercalate zodeaitic toff breccia
- wvestvard of Ivrfgatfon area, <¢rop out fa
the Sanrego fntake weir site

Lower; Andésitlé or basaltic suto brecclated
lava, strongly consolidated - southward and
vestvard of fxrigation area

Eocerne
Lipeatone

‘Oligocene

Reef 3eestoce, lower post fs composed of
carcslious sandstone and siltstone, yleld
large Forasinifero sad fragneat Sf Molluscs,
dtcsolved and chaaged foto porous eass -
soutl-wvestvard and eastvard of Ierigatioa
arca

— Conforeity

'!nternedlate
snd basic
Palacocene vwolcanle rocks

Paleogena

aconformity

Mgesitle 2nd basaltfc volcanic pyroclastics,
partly fntercalate welded tulf - cccupy the
watershed area of the Sanrego River and the
Biru River - '

$athya1

Cretaceous deposits

Hard shale and pure sandsténe abundant in |
quarte greain, stlicificated nearly granite
- restricted to tha upper reach of the
Bizu River

— Dyke !octs' Quartz Forphyre, Porphyrite, Dolerlte - sbhundaatly

intrede fato
Tatrusive rocks — fatrude into

the Cretacedsus and Granite and yarely
Lirestone

— Plutonfe rock: Grealte - fntruede {ato the Cteta:eoua and

Siltcif{cate
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ANNEX - 1II SOIL MECWANICS

1. INTRODUCTION

The present soil mechanical survey consists of the field investiga-
tion along the main and secondary canal routes and the construction
material survey., The field investigation along the main and secondary
canal routes aims at elarifying!:

{1} the physical and mechanical properties of soil materials along
the canal reutes,

(2) the foundation conditions along the proposed main and gsecondary
canal routes, and

(3) the avaflability and suftability of construction materials for
canal embankeent, :

The main purposes 6f the construction material survey for the
proposed major structures including closing dike, intake structures and

aqueducts ave:

(1) to clarify the physical characteristics of concrele agprepates
at the proposed structures sites,

(2) té select the borrow avea{s) for iwpervious eaterials to be
used for construction of eclosing dike,

{3) to check and confire the vesults of the past investigation
conducted by the Governwent, and

(4) to estimate the design values for stabllity analysis of the
closing dike.

2. INVESTIGATION
2.1 General

The following field investigations and laboratory tests were made:
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(1) Field investigation

. . (UnlE: nos.)
Aming Palaka-Parota Hajor
lnve?iigation 2::“1 Secondary Secondary Structure Total
em 2 Canal Canal Site
Test Pit 5 15 5 - 25
Auger Boring 5 15 4 - 24
Swedish Sounding 1 3 3 - 7
Test
Cone-penetration 3 13 3 - i9
Test
Sampling
- Soil 2 7 2 ‘ - 11
- Gravel & Sand - - - 5 5
{(2) Laboratory tests
{a) Soil rechanical test .
_ {Unit: wnos.)
Main Aming Palaka-Parcta
Test Item Canal - Secondary Secondavry Total
Canal Canal
Water content 2 7 2 11
Specific gravity 2 7 2 11
Grain slize analysis 2 1 z i1
Atterberg limit 2 7 2 11
Coupaction test 2 7 2 11
Triaxial compression 2 3 1 6
Consolidatioen 2 1 1 &
(b) Concrete agpregate test
(Upit: nos.)
Main Aming Palaka-Pacota
Test Itea Canal Sécondaxy Secondary Total
- Canal Canal
Specific gravity 2 1 2 5
Percentage of absorptlon
Grain size analysis 5
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2.2 Field Investigation

2.2,1 Poundation condition

(1) Hain canal route

The main canal route runs along the skirts of southern gently sloping
hillg. A total of 14 test pits were dug up to 3.0 m along the canal route
and the detafled profile descriptions of each pit were already prepared
by DOI. In the present field fnvestigation, a number of additional
profile observations were made, as shown in Fig. IIL.2.1.

The top layers observed along the skirts of gently sloping hills avre
mainly composed of moderately weathered baserocks such as silt stone and
sandy tuff, except around Haradda area where the top layer is clay hardpan
originated from the residual riverbed sediments. The top layer avound
intake weir site is hard baserocks of silt stone and sandy tuff.

The results of sounding tests and cone penetration tests are supma-
tized in Tables 111.2.1 and 111.2.2, According to the results of Swedish
_ sounding tests and cone penetration tests, the weathered deposit layers
around Haradda area have a insufficient bearing capacity for the founda-
tfon of heavy andfor rigid canal structures, showiang the N-value of less
than 10 within 2.5 m from ground surface. The foundation below 2.5 m,
however, has moderately sufficient bearing capaclity for canal structures
with the N-value of more than 10.

The hard baserocks of silt stone and sandy tuff extending around
intake weir site have very sufficlent bearing capacity for the foundation
of canal structures. Use of dynamite will be needed for excavation of
the canal in this area. Most of the baserocks along the wain canal route
are, however, moderately weathered sandy tuff or alternation of sandy
tuff and silty tuff., These are generally firm foundations which have
moderately sufficieat bearing capacity for heavy camal structures.

The excavation of these weathered deposits could be made at least 2.0 m
by using back-hoe-shovel.

{2) Aminp secondary canal route

Aning secondazy canal route is laid out along the foot 6f the
eastern hills in connection with the wain canal. A total of 26 test pits
observations were made along the canal route by DOI. All these test pits
were checked and confirmed through field investigation and also a number
of additional profile observations were cavried out. Locations of ad-
ditional obserxvation sites are given in Fig. 111.2.1, Most of the top
layers observed along the canal routes are moderately weathered, and are
painly composed of alternate layers of sandy and silty tuff andlor
weathered deposlts of sandy tuff and silt stone. The alternate layers
of sandy and silty tuff are generally extend along the canal route with
the thickness of 1.5 - 3.0 o on the top of the weathered deposits of
silt stone and sandy tuff.
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According to the results of sounding tests, these alternate layers
have N-value of more than 10. ‘The upper parts of thé alternate layers
are generally highly weathered, and show R-value of less than 19, These
insufficient bearing layers are limited within 1.5 m from the surface.
It is, therefore, recommended that in order to keep the sufficient
bearing capacity, the excavation be made up to 1.5 o in dépth,

The c¢anal route rumns across the paddy fields In some sectfons,
The soil profiles observed in the paddy fields are mainly corposed of
blackish or greyish alluvial deposits with the thickaess of 1.5 - 2.0 n.

The bearing capacity of these deposits is very small with R-value of
less than 5.

(3) Palaka-Parota secondary canal route

Palaka-Parota secondary canal route starts from intake weir site,
and runs aleng the foot of the western mountafns. PERight (8) test pits
vere already made along the canal routes by DOI. Additional 5 test pits
and 4 auger borings were executed in the present field invéstigatien.

The fire and hard baserocks generally outcrop on the ground surface
fron intake weir site to the point passing across the Sanrego river.
The top layers near to the intake weir site are mainly silt stone and
slate which have sufficlent bearing capacity for canal structures.
These stones ave generally eracked. The massive and fresh sandy tuff is
observed around the place passing across the Sanrepo river. It has a
sufficient bearing capacity for the foundation of canal structure. The
top layers observed after the Sanrego river to the end of canal are
rainly moderately weathered sandy tuff of silty tuff. Theése have a suf-
ficient bearing capacity.

2.2.2 Cénstruction materials

(1) Matertals for main ¢anal embanksent

The canal embankeent would be executed by paxieun use of the in-site
materials excavated from canal section. The available materials along
the canal route are classified into four groups as mentioned below:

(a) Strongly weathered alteraate layers of sandy and silty tuff

This paterial which appears fron Maradda to the end of main canal,
mainly consist of silty sand and silty clay. The gravel content is
less thzn 10Z. This material has a characteristic of high plastici-
ty and high dry strength. The soil colour in roist c¢ondition is
yéllowish brown or browmish light grey. This eaterial under natural
condition has nearly optimum water content and is well compacted.
The material seems to be sufficiently isperviousness. This material
is judged to be sultable for canal ecbankeent.
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(b} Sandy tuff

This material is mainly distributed between the intake weir site and
Haradda area. Host of the material are taken from the weathered
layer of sandy tuff and mainly consist of silty and ¢layey sands.
This material is generally sandy. Although it could be well com-
pacted, sufficlent imperviousness would not be sustained, The
orfginal layer of sandy tuff is very hard and is hardly excavated
with back-hoe-shovel. Another heavy equipment would be required.
This raterial is not suitable for c¢anal embankeent due to its
pervious nature. If 4t would be used for canal embankcent, some
measures like canal lining or ifmpervious facing should be requived.

(c);’_ 811t stone

The hard silt stone occurs around the intake weir site. It is very
hard rock and dynamite will be neceded for excavation. Although the
excavated materials could be used for canal embankment, some measure
would be necessary due to thelr perviocusness to water. The weathered
deposits of silt stone are found under the alternate layers of sandy
and silty tuff. These could be excavated by back-hoe-shovel and
poderate imperviousness be expected if would be well compacted.

(&) Highly plastic clay

The clayey waterfals obtained around Haradda area have a character-
"istics of high plasticity, high dry shrinkage and high dry strength.
The naterials arxe mafinly strongly weathered riverbed deposits.

The colour of surface s6fl in moist coadition is dark grey and the
lower layers show light brownish grey. The dark grey surface soils
are generally soft and sticky with high water content. The surface
materials are not suvitable for canal ecbankment. The materials from
lower layers are suitable for canal embankment. Siace these
materials tend to show high dry shrinkage, wany deep cracks way
develop on the echbankment when canal is dried for a long tiee.
Special care for canal maintenance will be required if these
raterlals are uvsed for canal eshankesent.

(2) Materials for Aning éecondaty canal embankment

The representative materials available along Aming secondary canal
route are as follows:

(a) TWeathered deposits of sandy and silty tuff

Host of the surface layers observed along thé canal route are the
weathered deposits of sandy and silty tuff. The thickness of the
layers is about 1.5 - 2,0 meters. The materials are fine and/ox
cohesivée soils with soe mixture of gravel. The strongly weathered
part of the matérials has a property of high plasticity and high dry
strength. The soil colour of the strongly weathered part is eainly
yellowish browm. The moderately weathered part which contains wany
silty sand, has a charvacteristic of medium plasticity. Its colour
in woist condition 1s light greyfsh broun or browmish dight grey.
The materials under natural condition have nearly optioum water
conteat for compaction. The nmaterials are sufficlently impervicus.
These are generally good for canal embankment.
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(b) Sandy tuff

The weathered deposits of sandy tuff occur around Desa Hassila,

The materials are considerably weathered and are mainly composed of
fine sand and silty sand with almost no plasticity. The soil colour
in moist condition is yellow brownish light grey. The materials
have no problem for compacticn, but due to their sandy nature, the
materfals are generally pervious to water.

{c¢) Silty stone

Silty stones and their weathered materials are mainly found under
the weathered alternate layers of sandy and silty tuff. The base-
rocks of silt stones occur around Desa Hassila, immediately under
the surface soils. The weathered layer of silt stone contains very
little fine soils components like silt and/or sandy silt, and
sufficient imperviousness would not be expeécted. ' The baserocks of
s$ilt stones could also be utilized for canal embankmeat, These
have no problem for stability, but impervious material facing will
be essential.

{(d) Reddish brown coloured solls

These sofls are broadly developed over the eastern hilly region.
The paterials are geologically same as the weathered materials of
sandy and silty tuff. The soil mechanical properties of the
materials are also sarme. However, this material has a bit lower
"water content. The soil colour in moist condition shows reddish
brown., :

(3) Materials for Palaka-Parota secondary canal embankeent

The available materials along Palaka-Parota secondary canal route
are as follows:

(a) Silt stone-sliate

These are rock materials with average specific gravity of about

2.1 - 2.2, Since many cracks are developed, the maximum graln size
of the materials to be excavated from canal section would be less
thaa 100 tea in diameter, and the ninivun graia size be wore than
2.0 ta. The colour in woist c¢ondition is grey. The materials are
obviously pervious to water, but show high stability for embankeent.

(b) Sandy tuff

The sandy tuff paterials are divided, by degree of weatheving, into
two types: one is slightly weathered rock materfal, and the other

is strongly weatheréd material composed of fime soils. The rock
paterials would be goed for slope embankment, but Impervious material
facing should be essential. The fine soil material mainly consist

of sandy clay and silty clay. These have general characteristics

of high or mediuva plasticity, high dry strength and medius dry
shrinkage. The so6il colour in moist condition is light greyish
yellow brown to yellow brownish light grey. The fine soil materials
are sultable for canal esbankeent.
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(c) Black sofl

The black soils which extend avound the end of canal are fine and
cohesive, and contain some roundish calcarcous gravels of 5.0 mm
in diareter. 1Iu general, they show high plasticity and high dry
shrinkage. The soll colour in moist condition is black or grey
and partly light grey. The materials, if compacted with natural
water content, would be very firm. MHowever, 1f dried, many cracks
will be caused by dxyiug shrinkage.

(4) Material For ¢losing dike

The ground foundation of closing dikée mainly consists of silt stone
and sand stone which have sufffcient bearing capacity for the foundation
of fill-type dam. However, according to the results of permeability
tests executed at intake weir site, the foundation is very peraeable,
showing the coefficlent of permeablility from 1 x 16-3 to 1 x 107" co/sec.
In order to minimize the seepage through foundation, the closing dike
with rather wide botton of ieperviocus zone is designed; that is, the

hoogenéedus materials would use for dam embankment and wmake the creep
length longer.

Since the foundation is permeable, the cwbankment materials tend to
cause piping at the boundary face te the foundation. It is generally
known that thée soils with plasticity index of more than 15%Z have suf-
ficient resistance against piping phenomena. Therefore, the embankrent
materials for clsing dike sould be cohesive clayey soils of a high
plasticity and also these should have sufficient shearing strength for
stability of fill-type dam.

{(5) Borrow pit raterials

Two borrow areas for obtaining the embankment materials of closing
dike are selected at the southwestern hilly area, located 1 - 3 ko south-
east from the intake weir site.

The materials in the borrow areas are mainly composed of blackish
clayey deposits and brownish strongly weathered materials of sandy andfor
silty tuff. The blackish deposits are fine clay soils and contain sorme
roundish calcareous gravels, The gravel content tends to lower with
the depth. The thickness of the clayey deposits vanges from 3.0 reter

to' 4.5 meter. These materfials have characteristics of high plasticity
and high dry shrinkage.

The brownish strongly weathered materials of sandy andfor silty tuff
ate fine cohesive soils. These also have high plasticity aand high dry
strength., They are génerally fepervious to water. The thickaess of the
raterials is approximately 1.5 m. The materials below 1.5 @ are not well
weathered and generally sandy. The perweability of the sandy materials
shows 1 x 107" cafsec. It is recommended that the materlals should be
carefully taken without mixing them with lower $andy materials. These
available materiais to be tzken from the borrow areas are highly plastic
with the plasticity index of over 15% and have high resistance agalnst
piping.
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Avallable volumes in the borrow areas are estimated at about
500,000 m3 in total, 300,000 o® at 3 km apart and 200,000 n3 at 1 ko
apart from the intake weir site. The estimate avallable volume will be
sufficiently enough for embankment of the closing dike, because the
required volume for embankment of closing dike {s around 300,000 w3,

{b) Conc¢rete aggregdtes

Hajor structures for the Project are planned in Sanrego, Biru and
Macinaga rivers. The riverbed of these rivers are covered with sand,
gravel and cobbles. These riverine deposits are favourable for the
aggregates of conc¢rete and masonry and also for the construction of
gabions. According to the results of grain size analysis (see Fig.
111.2.2), the riverbed matérials near the major structures siles are
mostly sands and fine gravels.

(a) Senrego river

To examine the quality of gravel, the perceatage of absorption and
specific gravity tests are performed on thé samples taken froa the
riverbeds., The resuvlis are, together with the standard requirement
of ASTH, shown below:

Ltem Tésted Data ASTH Standard -
Lowest Highest  Hiddle Reguirement
Percentage of - 2.74 2.87 2.77 less than 3.00

absorption (%)
Specific gravity 2.58 2.60 2.60 zore than 2.50

The results on both tests show that the samples have the sufficient
characteristics for the standard requirement of ASIM. 1iIn view of
the quality of gravel, gravels from thé Sanrego river are suftable
for the aggregates for c¢oncrete, masonry and gabion,

(b) Biru viver {(near by Maradda)

In the dowmstream of the existing Maradda fntake weir, there exists
a large amount of cobbles, gravel and sand of which average graim
size is sufficient for concrete coarse and fine aggretates., They
are of high quality. According to the result of grain size analysis
test, there is a large awmount of particles of which grain size is
finer than #200 sieve (74 u). Sand contalning wany particles uader
76 v is not suitable for concrete aggrepates, bécause strength of
concrete becore smaldl §f such sands are uséd. Available volumes of
concrete aggregates are estimated at about 3,000 @3,

(c) HYHacéinaga river
The Macinaga river flows mainly from east to west. Riverbeds of

this viver ave thinly covered with sands and gravels. ‘The riverbed
deposits contain many fine particles under 74 y; these are not
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sultable for concrete aggregate. According to the results of grain
size analysis tests, the aggregates scarcely contain cobbles. If
cobbles are required for structures, cobbles must be brought into
the site from the anéther places:. The estimated volume of the
available concrete aggregate is about 10 - 30 n3,

2.3 Laboratory Test

2.3.1 Soi}l physical test

To clarify physical properties of sofl materfials extending in the
Project area, laboratory tests were made for soll samples taken from the
test plts made along the main and secondary canal routes. Test items
are as follows:

(a) Specific gravity test,

(b) Crain size analysis test,

(c) Hater content test, and

(d) Atterberg limit test.

The physical tests mentioned above were carrfied out based on the
ASTHM Standard, The detailed test quantities aré shown in Table 111.2.3
‘fhe laboratory tests were undertaken by the Government on Séptesber/

October, 1982 at Bina Marga laboratory, Ujuag Pandang. The results are
described hereunder (Table TIL.2.4, to beé referved):

(1) Specific gravity test

The results of specific gravity test for soil particles are:

Soil Lowest  Highest  Mean
Main canal
~-Strongly weathered alternate - - 2.75
layers of sandy and siley tuffs
—~ Strongly weathered silt stone 2.66 2.76 2.71

Amlag secondaty'canal

— Strongly weathered altémate 2.73 2.7 2.75
layers of sandy and silty tuffs

= Sandy tuff - - 2.68

—.Strqngly weathered silt stone - - 2.68

- Reddish brown soil 2.60 2,76 2.68

Palaka-Parota secondary canal

- Strongly weathered alternate - - 2.1
layers of sandy and silty tuffs

- Black soil - - 2.62

ItL - 9



The mean values of specific garvity range from 2.62 to 2,75, Those

values are alwost same as the generally acknowledged value for inorganic
soil (ranging 2.6 to 2,8).

{(2) Grain size analysis test

All samples used for the grain slze analysis are natural graded
sofl, Thelr gradations coincide with their natural éones. However, they
are considered to be diffevent from their natural ones by the rethod of
sampling of solls for gratn size analysis. Therefore, gradations would
have to be synthetically judged from the test pits observation and the

results of soil test. In this study, solls staying 4.76 mm sieve (§4)
are classified as gravels.

The results of grain size analysis are shown in Fig. E11.2.3,
The values of Rp (percent of the graiuns finer than Ro. 200 sieve) for
each sample are summarized as [ollows:

- (Unit: Z)

Soil Percent Finer than No.20) {(74u)

Lowest Highest Mean
- Strongly weathered alternate 44,1 71.8 55.7

layers of sandy and silty tuffs

~ Sandy tuff - - 45.3
- Strongly weathered silt stone 50.5 84.8 66.3
- Reddish brown sefl 73.5 78.2 75.9
- Black seil - - 53.1

The Rp value 1s one of the indications for judging appropriateness
of s0il materials for the impexvious zone of esbanke¢nt. In general,
the materials with Rp of over 20Z are judged to be appropriate, but
cracking will occur on the rmaterials which have extrewely high Rp value.

According to the results of grain sizée analysis test, Lhe materials
extending along the canal routes hardly contain gravels of which grain
size is greéater than 4.76 millimeter. However, judging from observation

of test pit profiles, soil rmaterlals in natural condition are some
mixture with gravels.

(3) Water contént test

The results of water content test are summarized in the following
table. The samples tested are those passing 4.76 va sieve.
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(Unit: %)
Hater Content
Sofl Lowest  Highest  Mean

~ Strongly weathered alternate 20.3 42.0 30.1
layers of sandy and silty tuffs

~ Sandy tuff - - 25.8

- Strongly weatheved silt stone 32.6 42,8 36.9

— Reddish brown soil " 30.6 36.5 33.5

- Black soll - - 25.6

With regard to natural water content, no great differenc¢e is seen
among these soils, except for sandy tuff and black soil of which water
content is about 25%Z, show a little lower water content than others.
In general, soils ¢ontafned a lot of fine particles have higher water
content. As sandy tuff and black soll less contaln particles under
74 p in size than other, and seem to have low water content.

(&) Atterberg limit test

The results of Atterberg lfmit test for the samples passing 0.42em
sieve are summarized below:

(Unit: %)
Soil Liquid Linit Plastic Lieit
Lowest Highest Yean Lowest Highest Mean

- Strongly weathered 39.0 63.2 49.9 2%.0 47.1 32.8
alternate layers sandy
and silty tuffs

- Sandy tuff - - 39.2 - - 26.3

- Strongly weathered $3.6 7.8 60.7 23,1  41.1 3.9
silt stone
~ Reddish brown soil 64.9 72.0  68.4 37.8 43.6  40.7

- Black soil - - 41.8 - - 21.1

The quality of fine-grained soil shows a little high plasticity.
1t is generally known that the soil with plasticity fndex of over 15%
have high resistance against piping phenomena. HMHost of the soils, except
for scoil paterials of moderately weathered sandy tuff, in the Project
area reet to this criteria.
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2.3.2 Soil rechantcal test

To know mechanical properties of soll materfals extending in the
Project area, laboratory tests were made for representative soil samples
taken from the test pits made along the canal routes,

The items are:

(a) Compaction test,
(b) Triaxial compression’tést, and
{¢) Consolidation test.

The mechanical tests were carried out based on the ASTH Standard.

In addition, the following specificaticns for the s0il mechanical tests
were applied:

{(a)} Compaction test

(i) Coppac¢tion is made with standard energy.
(following standard Proctor compaction test)

(if) Cone-penectration test is made on the compacted specicen
after weighing the specimen.

(b) Triaxial cotpression test

(i) The lateral pressures (03) of the test are 1.0, 2.0 and
3.0 kofco?.

(ii) The pore water pressure is also measured during the
coapression tiwe.

(iii) The pre-consolidation pressure for the CU-test 1s some
as the lateral pressure on the specicen.

(¢} Consolidation test

The specimen 1s saturated under the surcharged condition of
0.1 kg/cn?,

{d) Test condition

Soil wechanical tests such as triaxial compression test and
consolidation test are carrvried ocut for the respective specieen
to be prepared for the following two conditions:

(1)  ydmax and Wopt
(it) 7vYdmax x 0.95 = DI5 and WDIS
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The tesplts of these tests ave sumrarized in Table I1I.2.5.
major results are described hereunder:

1)

The

Compaction test -

The results of standard Proctor compaction test are shown below,
in which rean values are indicated for all itens.

Soil Ydmax Wopt YdD35 WDIS ME-WDI5

(tlmg) () (t/a3) (2) (2}

~ Styongly weathered alterpate 1.47 22.3 1.40 27.6 2.8
layers of sandy and silty tuflfs

~ sandy tuff 1.53  24.7 1.45 9.3 -4.4
- Strongly weathered silt stone 1.30 31.5 1.24 35.4 0.9
- Reddish brown soil 1.24  29.7 118 32.1 L5
- Black soil 1.63  19.6 1.53  24.1 1.5

Remarks: Ydnax: maximum dry density
Wopt! opticum water coatent
¥dDIS: dJry deasity to obtain 95 percent of Ydmax
WB95: highest watexr content to cbtain 95 percent of
- Ydmax
Hif: natural water content

If the value of (Wf — WD95) is positive, in general, the paterials
in natural condition are imadequate for canal erbankecent. From the above
results, the values of (Yf - WD935) of the materfals tested are postly
positive but very small. Therefore, Lhese materials would be used for
canal embankeent paying attention to water content centrol in the field.
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{(2) Triaxial compression test

~ The wesults of triaxial compression tests on remolded samples are
shown below (see Table 111.2.5 and Fig. II1.2.4). The size of specimens
is 10 ¢o high and 5 cm diazeter '

Speciven Shéaring
Soil - Condition Strength
W vd_ c ¢
() (t/a3) (kg/cew?) {(dég)
- Strongly weathered alternate layers 22,4 1.58 1.15 14.0
of sandy and silty tuffs
- Styoagly weathered silt stone 35.2  1.29 0.60 24.0
- Reddish brown soil 33.4 1.29 2.40 21.0
~ Black soil 20.1 1.62 = 1.80 4.5

Remarks: Wi water content
Td: dry density
c: cohesion

&: angle of internal friction

From the above results, the materials extending along the canal
routes have sufficieat high shearing strength. The larger cohesion (<)
and angle of internal friction (¢) would give the wmore sufficiént re-
sistant force against shearing force.

{3} Consolidation test

Results of consolidation tests on remolded samples are summarized
in Table I1I.2.5. Accoxding to the results of consolidation tests, the
coefficients of consolidation (Cv) range from 2 x 10-" to 1 x 10-2 cn?/fsec,
and the cowpression indexes (Cc) range from 0.05 to 0.12. The value of
Cc indicates the quantity of consolfdation. From view point of deforma-
tion of canal esbankoent, the larger value of Cc will give a large
consolidated settlement after embankeent. Judglug from the value of Cv,
a fairly long lapse of btice would be expected before getting 90Z degree
of consolidation on the embankment. However, as canal embankeent is not
so high, the quantity of settlepent is not so large too.

2.3.3 Concrete aggrepate test

To exasine the quality of concrete aggregate, laboratory tests were

rade for sand and gravel samples taken from the viverbeds near the major
structure sites. Test items are:

(a) Specific gravity test,
{b) Grain size analysis test, and

{¢) Percentage of absorption test,
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The aggregate tests were carried out based on the ASTH Standard.
The detsiled test results are shown in Table I11.2.6.

(1) Specific pravity test

The results of specific gravity test for sands and gravels are
shoun below:

Bulk Specific Cravily

tocation Saturated Surface-dry Oven-dry
R. Macinaga 2.60 2.49
R. Biru (Maradda) 2.66 2,60
R. Sanrego (Intake) 2,60 o 2.53
R, Sanvego (Teko) 2.58 2.51
R. Sanrego (Santego) 2.60 2.53

According to the standard of ASTH, the specific gravity of concrete
aggregate required 2.5 or over. The results shown in the above table

meét this standard value. These aggregates is judged to be suitable for
concrete aggregate.

(2) Grain size analysis test

The results of grain size analysis test for aggregates are sumpa-
rized below. 1In this study, particles staying 4.76 milliceter sieve
(#4) are classified into gravels.

{Unit: %)
Content of Gravel Content of Fine-grain
Location No Passing )
4;?6 ces Siove Passing 74u Sieve
R. Hacindga 29,5 26.3
R. Biru {Maradda) 60.5 : 17.5
R. Sanrego {Intake) 85.3 - 1.3
R. Sanrego (Teko) 72.0 10.4
R. Sanrego (Sanrego) .73.0 8.5

From the above résults, riverbed deposits contain wore than 50% of
gravels staying 4.76 mm steve, except for riverbed materials of the
Macinaga river. These materials are suitable for the aggregates of
concrete, masonry and gabion. If the aggregates ceatain a lot of
particles passing 74 p sieve, such fine particles should be excluded
from the original materials, because the mortar wouvld become weak if
such fine particles are used.
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(3) Percentage of absorption test

The results of percentage of sbsorption test for sand and gravel
are shown below:

(Unit: Z)

Location Percentage of Absorbfion
R. Hacinaga §.44
R. Biru (Maradda) 2.12
R. Sanrego {Intake) 2,87
R. Sanrego {Teko) : 2.74

R. Sanrego {(Sanrego) 2,17

According to the standard of ASTH, the perceatage of absorption of
concrete aggrepate should be less than 3.0Z. As riverbed deposits of
the Hacinaga river have a large amount of fine particles, thelr percént-
age of absorption shows a 1ittle high value of 4.44%. Other materials
are suvitable for concrete aggrepate as they meet this standard value.

3. ANALYSIS

3.1 Soll Classificaton

Based upoa the results of grain sf{ze analyses and Alterberg limit
tests, the soil ¢lassification is made as follows:

(1) cCanal routes

{a) Strongly weathered alternate layers of sandy and silty tuff;

These materials are classified into CL, Mi and $C, depending

on the different degree of weathering and thickaess of each
layer.

{b) Sandy tuff;

This material is nmainly classiffed as SC. But the stroogly
veathered parts will belong to CH.

(c) Stréngly weathered silt stonej Pl =

Most of strongly weathered siit stones are classified as CH.
The liquid limit and plastic limit of these materials vary,
depending on the degree of weathering.

(4) Reddish brown soilg

Reddish brown soils are classified iato ¥ and CH. However,
the natural soils uader field conditlon contaln some amount
of gravels., Such solls will be classified as SC.
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(e} Black soll;

Black clay solls are classiffed into ML and CL. These generally
contain caleareous gravels., The c¢alcareous gravels could be
crushed with finger tips, and show sandy téxture.,

{2) Concrete aggrepate

As Atterberg limit tests for riverbed materlals were not carried
out in the lsboratory, soil ¢lassiffcation is made by use of the results
of grain size analyses. Riverbed materials of Maciraga river will be

¢lassified as GM, and those of Biru and Sanrego rivers classified into
G_H-

(3) Borrow area materlal

There are two kinds of borrow area materials avallable: one is
blackish or greyish coloured and has a characteéristic of high plasticity,

and the other is yellowish brown or brown in ¢olour and has a high or
medive plasticity.

The sofls coloured in black or grey are classified as CH. The soils
coloured yellowish brown or brown are classified into CH, CL and HL.

Yellowish brown coloured soils are strongly weathered matérials of
sandy tuff or silty tuff. In the borrow areas, the degree of weathéring
deffers with depth. The sofl classification, therefore, ranges from CH
for surface soils to ML for sub-surface soils.

3.2 Stability of Slopes

3.2.1 Closing dike
(1) Design values

The design values on the optimum cendition are applied to the DOl
design works of closing dike. However, the water content of sofl in
natural condition is higher than its optimum. Therefore, the shearing
strength of embankmeat materials will become less than its optimui value.
With this ia view, the design values are determined through the review
of the soil mechanical tests made by DOI.

The results of soll sechanical tests carried out by DOL ave Summa-
rized in Tablé I1II.3.1. From these resvlts, the design values of black
coloured seils are presumed as follows:

Black soll

- Steady state seepage

Based on (he effective stress value 6f triéx{al conmpression test
(C - U test), 1t is decided:

ct
¢|

(0.584+1.3840.39) kglean? ¢ 3x 90/t x 80272 4 5.0 t/u?
(tan 10° + tan 3.25% 4 tan 15°) + 3 x 90X x 80% =+ 7°-00'

H

111 - 17



WE = 36.3%
Cs = 2.602
¥é = (1.532 41,160+ 1.245) = 3 = .31 t/o?
Yt = 1.31 x (1+40.363) = 1.79 t/md
Gs

e =35 - 1=0.986
~Gste 73

¥sat = 1T o 1.81 t/m

Ysub = Ysat - Yw = 0.81 t/m3

Remarks: [1; conversion factor for natural condition
/2; safety factor of design value

Based on the total stress value of triaxial compression tests
(U - U test and C - U test), it is decided:

C = (0.54+1.35+0.48) kg/co?
: 3 x 8083 + 7.0 t/u?

C ~U test {oplimum condition)

¢ <5° that is, ¢ = 3°-00'

==

Remarks: [3; safety factor for
design value

ci1:¢e

T4 U-Utest {noturol condilion)

Total slress

I

The design values of dark brown or yellowish brown célouvred material

which are strongly weathered of sandy tuff or silty tuff are also pre-
sured as follows:

Strongly weathered sandy tuff or silty tuff

¢ = (0.704+0.4010.15) ¢+ 3 x 90% x 80Y = 3.0 t/=l

&' = (tan9® ¢ tan 28.75° + tan 24.5°) 3 3 x 90 x 80X - 15°-00"
WE = 33.52%
Cs = 2,597
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yd = (1.565+1,320+1,178) 3 3 = 1.35 t/m?
Yt = 1.35 x (140.3352) = 1.80 t/m®
_ 2,597 .
e - 1.35 1 - 009221
. = thg = 3
¥Ysat = 1T o 1.83 t/o
Ysub = ¥sat - 1 = 0.83 t/m3

(0.740,440.28) + 3 x 80% %+ 3.0 t/e?
(tan 6° - 50" + €an 22° - 50" + tan 15°) + 3 x 90Z x 80%
3 11°-00"

o O
noon

The two design values ave ¢alculated ss rentioned above. Judging
from the results of field investigation in the borrow areas, the major
embankment materials for closing dike are black solls. Therefore, the

desiga value of black soils is applied to stability analysis for closing
dike.

(2) HMHethod of stability calculation

Stability;calculation for closing dike is made by using slip-circle
method. The safety factor against sliding for an assumed circle is
computed by the equation as shown below (see Fig. 1¥E.3.1):

_E{(N - U - Ne) » tan ¢ + C.})
E(T + Te)

Fs
where,

Fs: safety factor

C: cohesion

9: angle of internal friction

L: length of arc of slip circle

N: noreal force along the are

T: tangential force along the arc
Ne: normal force for seismic force along the arc

Te: tangential force for seismic force along the arc

U: wuplift force due to pore water pressure along the arc
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(3) Result of ealculation

The stability calculation is carried out for the original section
proposed by DOI. The results ave shown in Table 1EI.3.2 and Fig. I11.3.2.
1t should be noted that calculation was made on the assuvmption of steady
state seepage with earthquake of (.15 horizontal seismic coefficient.

According to the results of calculation, winimum safety factor for
slope of upstream is 1.605. This surely meet the standard value of more
than 1.1. ©a the othér hand, minimum safety factor for downstrean slope
is 1.06. The factor does not meet the standard value. It is recos-

pended that for the downstream slope, the original design be modified to
sustain the enough stability.

3.2.2 Pmdankwent slope for canal

To examine the stability of canal esbankment slope, the shearing
strength parameters; cohesfion and angle of internal frictien, are usually
determined from the results of shear strength test. Ia order to determine
the shear stvength, the triaxial ¢ompression tests are wade in the
present study. The results are shown below:
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Shearing Strength Parareter
Soll Cohesion  Angle of Intermal
C (kgicmz) Friction & (deg.)

- Strongly weathered alternate layers 1,2 14° - 00'
of sandy and ailty tuffs

- Sandy voeel 0.3 15° - 00°

~- Strongly weathered silt stone 0.6 24° - 00!

- Reddish brown soil 2.4 21° - 00'

- Black soil ' 1.8 14° - 30*

Remarks: f1j the values of sandy'tuEE are assumed,
making reference to résults of borrow
area material.

The critical height of esbankment is calculated by Tallor's method
{réfer to Fig. II1.3.4). In the calculation, luput parameter of cohesion
(¢) is modified taking into account the conversion factor of 0.9 for
natural condition and safety Factor of 0.8 of design value for the above
results, and angle of internal frictlon is regarded as zero (0), besides,
the safety factor of stability is set at 1.5,

The results of the calculation shown in Table 11L.3.4 seem to
indicate that steéep empbankeoent slepe is allewable to aleost any kind of
soils. But further more, it should be considered that the canal embank-
ment would frequently face to alternate repetition of drying and swelling
which will cause failure of steep slope. It is, therefore, recomménded
that the slope angle of esbankmént for wmain and secondary canals be
designed with 34 dégrees (1:1.5).

3.2.3 Cut élope for canal

The sounding and ¢one penetration tests are carried out on natural
sofls by use of a Swedish sounding apparatus and a portable cone-
_penetrometer. From these two tests, the undralned strength qu and the
cochesion for zero angle of internal friction € are estiwated by using
following two equations:

qu = 0.0045 Wsw + 0.0075 Nsw
C=1/2.qu = /10 . qc¢

where,
qut unconfined compressive strength (kg/cn?)
Wswi load (kg) '
Nswt half tuming numbers per meter (tiwmes)
C: 'ﬁoheslon (kglbm’) _
qct cone bearing capacity (kg/cn?)
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However, judging from the results of sofl test and proffle observa-
tion at test pits, as natural residual solls contain some amounts of
gravels, their angles of internal friction fs not ¢onsidered to be zero.

In view of the above, the shearing strength parameters are assumed for
cuts of canal as follows:

Coheslon Design Angié'
Soil or Rock C (kgfen?) of Cut Slope Remarks
Soft soil 0.25-0.3 34° Strongly weathered
{(1:1.5) soil, High plastic
so0il and Residual
soil
Medium to firm soil 0.5 over 34° to 45° Sandy teff or Silty
(1:1.5 to £:1,0) tuff strongly
wveathered
wWeathered rock 45° Silt stone and
(1:1.0) Sandy toff
Rock : - 45° to 63° Silt stone and

(1:1.0 to 1:0.5) Sandy tuff

From the results of slope stability analysis made by using Tailor's
pethod, it is presumed that the vertical cot in natural soft soil still
have much safety even with considerable height. However, it is also
recoreended that ¢ut slope in soft soll be designed with 34 dégrees
(1:1.5) as well as erbankeoent slope, ' In addition, the recormended

design angles of cut slope for another firm soils and rocks avre as iImn
the above table,

3.3 Leakage

{1} Leakage through closing dike

According to the results of perceability test, coefficient of
pereceability of esbankment material is spaller than $ x 10-% mfsec.

As closing dike is proposed to be a homegeneous fidl dam, the seepage
through embankieat is assumed to be very small.

The permeability on foundation of ¢losing dike ranges from
‘k = 1 x 1073 to 107" cafseec. The quantity of leakage through founda-
tion is negligible small for the discharge of the Sanrego river
{sece ANREX-VII). .

(2) leakage through canal embankeent

According to the results of gradation, soil materials extending
along the canal routes are assumed to have low permeability, being less
than 1 x 10°% cafsee, However, if the rock materials are used for canal
epbanksent, the permeabllity will be very high. In such case, canal
ecbankment will have to be covered with fepervious faéing.
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The water contents of embankemént materials are desired to be kept
at the opiimum water content. If the water content of the embankment
materials differs from the optimum, embankmént will have higher permea-
bility than the expected. This problem 1s, however, easily settled by
- watering the materfals during ecbankment works.

{3) [eakage through feundation of ¢anal’

According to the test pits obsetvations, the permeability on the
canal foundation is estimated to be 1 x 10-3 ce/fsec, except weathered
sandy tuff, silt stone and partly of talus deposits of which foundations
are anticipated to have high perméability. To prevent high leakage from
these foundations, it 18 recommended that they should be covered with
such {mpervious facing as wet stoite masonry or clay for sloping portion.

4. RECOMMENDATLON

4,1 Stability of Closing Dike

(1) S$afety factor of closing dike

The results of stability'calculation for closing dike with circular
slip method are summarized below {for details, vide Table 111.3.2,
Table 111.3.3, Fig. 111.3.2 and Fig. II1.3.3):

Original Section Modified Section

UUpstyeam _ Downstxeam Downstrean

Radius Safety Radius - Safety Redius Safety

{(a) Factor (m) Factor (m) Factor
20.0 2.702 - 24.0 1.384 32.0 1.313
25.0 3.628 . 32.0 1.135 40.0 1.195
35.0 2,204 39.0 1.092 42.0 1.663
36.8 1.695 42.0 1.305 49,5 1.198
60.0 1.769 60.0 1.087 60.0 1.384
88.0 1.605 75.0 1.060 70,0 1.819%

The calculation results indicate that the safety factor for down--
stream slope of cloging dike designed by DOY is less thaa 1.1. In order
to increase its safety factor, the downstream slope is modified to a
soime extent as shown in Fig. IIL.3.3.

{(2) Standard section of clesing dike |

BaéédAon the results of stability calculation of slopes, the
standard design section of clesing dike is proposed as follows:
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{3) Recormendation

Taking the resuvlts of soil nechanical‘investigétion and stability
calculation iato consideration, it is recomwended that:

{a)
(b)

(c)

(4

{e)

standard section of closing dike be modified as shown above,

highly plastic matérials with plasticity indéx of more than

15 Rust be used at the boundary face betweea foundation and
emhankmwent, -

the shearing strength of borrow avxea materials be confirmed
under natural condition,

the brown materials contalned sandy part are ecbanked on the
surface of closing dike, because black soils tend to make
wany cracks by dryiang shrinkage, and

the rock materials might be used for écbankrent on the surface
part of closing dike, exclusively for the downstrean slope.

4.2 Typical Section of Canals

Based upon the results of sofil test, detafled field investigation
and stability analysis slopes, a typical design sectlon of canal is
proposed as shown below:

-t . / SOd‘FOCiﬂQ : Oitch

g Woter Level L

= —— 15

——
— o —
- — —

Qtiginol Ground Line
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(1) Embankment

Cobbles larger than 10 ¢, are removed to prevent seepage from
embankment material, If cobbles are encounted in canal eéxcavation, they
are used for the counter weight of the canal esbankment or road-metalling
to get high resistance against sliding of outer slope. The embankment
should be well compacted to keep high resistance against drying shrinkage,
swelling and sliding.

The portion above wetted perimeter of canal should be sodded to
protect canal facing from shrinkage and evosion.

(2) Excavation

If the foundation of canal is much gravelly or cracky and porous,
it should be covered with an impervious material andfor concrete materials.

The catch drain should be provided along the foot of the embankment.

At the boundary of the cut and the natural slope, the shoulder ditch is
desired to be constructed to protect the cut slope from erosion.
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ANKREX - IV SOIL AND LAND CLASSIFICATION

1. GERERAL

The study area for the Sanrego Irrigatien Project is defined; in the
agreed "Scope of Works", as the lands lying along the Walanae and Sanrego
rivers of about 17,500 ha (10,000 ha in net irrigation area) which have
been delineated by the Haster Plan. :

The findings of the reconnaissance land resources svrvey for the
study area are presented in two preceding study reporxts:

(1) Reconnaissance land resoutces survey in the South Sulavesi

area, so6il map (scale: 1/500,000), 1968, Soil Research
Institute, Bogor.

(2)  ¥aster Plan for the Central South Sulawesi Water Resources
Developzent Project, Soil Hap (scale: 1/50,000), 1980, Japan
International Cooperation Agency, Tokye.

" The present soll study aims at identifying major soil groups and
their distribution in the study area through the review of the past
studies and substantial field investigation, and also examining the
suitability of each soil group for irrigation farming on the basis of the
study on governing factors for land capability.

The present report deals with the procedure of the field investiga-

tion and studies, and final results of the soil studies facluding major

characteristics and land capability classes of the soll groups identified
in the study area.

2. SOILS

2.1 Procedure of Soi} Survey

" The physiographical condition of the study area was first examined,
prior to the actual field survey, by using the topographic maps scaled
1/25,000 and two series of aerial photoes; one was taken in March, 1977
on a scale of 1/25,000 and the other was a nevw series taken in August,
1982 on a scale of 1/10,000. The study resuvlts were compiled on the

topographic maps scaled 1/25,000 as the prelicinary land-form unit eaps.

The preliminary soll survey was then carried out over the study area
of about 17,500 ha and the land-form unit map was checked and adjusted
in the fletd. The auger boring observations were then made at the rate
of three (3) observations per every 100 ha. The results of these field
activities indfcate that the land-form units have.differeat soil
characteristlcs. . This means that the land-form s well correlated with
the soil condition in the study area.
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The soil profile survey was ¢arrfed out on the basis of the Informa-
tion obtained through auger boring observations. Special attention was
given to the land-forems for selection of soil test pits, A total of 32
pits were dug to a depth of about one meter or beédrock or gravel layer,
Each soil profile was observed in accordance with the standards described
in the "Guidelines for Sofl Profile Description'” of PAO. Furthermore,
more than 100 test boring observations were additfonally practiced for
further adjustwent of provisional boundaries of each soil group.

For physico-chemical analyses in laboratory, a total of 30 seil
samples were taken from the distingufshable horizons of eight (8) repre-
sentative soll profiles in the study srea. These soll samples were
analyzed at the Chemical Research Enstitute (BALAI PENELITEIAN KIMIA},
Yjung Pandang. The items of physico-chemical analyses are (1) pH (H,0,
R-KC1}, (2) total carbon, (3) total nitrogen, (4) available phosphate,
(5) cation exchange capacity {CEC), (6) exchangeable bases {Ca, Mg, Na,
K), (7) free iron and (8) soil particle size distribution. The pracedurés

and methods of these analyses aré shown in Tablée 1V.2.1 and the results
are glven in Table 1V.2.2.

2.2 Results of Soil Survey

2.2.} Land-form

'From the physiographic viewpoints, the lands of the study area are
classified into six (6) land-form categdries (see Fig. IV.2.1):

_ . | Propoxtional

Land-form Category Area Extent

{(ha) (%)

(1) flat lowland of recent alluviunm 1,800 10.3

(2} lower terraces of semi-recent 4,600 26.3
alluvium

{3) higher terraces of old alluvium 5,400 30.8

€4) high terraces of Pleistocene 3,500 20.0
‘ deposits

{5) disseécted isolated hills i 1,400 8.0

{6} dissected evosfon surface . 800 4.6

and mountains -

Total 17,500 160.0

The flat lowland is developed on the recent fluvial deposits conveyed
from the surroundfng terraces and hills, and mainly extends along the

rivers and streams. The lower part of this land-unit is annually subjECt
to the flash flooding.
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The undulating riveriné terraces are developed mainly over the
alluvial lands In-between the Sanrego and Halanae rivers. These alluvial
terraces are divided into two land-form units. One is lower terraces of
semi-recent alluvium, extending over the northerm part of the study area.
The land relfef is slightly undulating with slope of less than 3%.

The sofls are generally deep. The semi-recent low terraces occur in-
between the elevations of 110 - 140 =, The other is higher terraces of
old alluvium, which 1is developed over the southera part of the study
area. This land-unit extends on slightly elevated lands with elevation
of 140- 180 m. The land relief is gently uandulating with slope range of
3-6Z. The surface solls are generally shallow due to annual soll
erosion caused by rapid surface runoff.

_ The high terraces of pleistocene deposits occur in the eastern part

of the study area. -These ave developed on loéng and narres interhills
extending from north to south, with average width of about 4 km and
approximate length of 15 km. This land-unit has geatly undulating topo-
graphy with average slope of 3-8%Z. The soils are generally reddish
brown colored and moderatély deep.

The dissected isolated hills are sporadically found in the alluyial
terraces developed ia-betwéen the Sanrégo and Halanae rivers. These ave
not irrigable due to their steep topography. The soils are generally
very shallow with the effective soil depth of less than 15 cm.

“fhe dissécted erosion surface and pountaias extend on the western
and southern boundaries of the study area. The soils are generally
stony and shallow. The laad relief is steeply dissected. These lands
ave not iLrrigable.

2.2.2 Soil classifitbtibn

In the 3f{ght of the physlographic condition in the study avea,
together with the morphological characteristics of the representative
soil groups and result of physico-chenical analysis, the soils of the
study area are classified into seven (7) soil units, according to the
FAOJUNESCO sofl classification system. They are:

Land-form Category Soil Unit Areéa
_ ' (ha)
(1) flat lowland of - Futrie Gleysols (Ge) 1,800
recent alluviun 1
(2) lower riverine - Eutric Fluvisols (Je) 4,600
terraces of semi-
recent alluviun
(3) higher riverine - Dystrie Fluvisols (Jd) 5,100
terraces of old :
alluvius - Pellic Vertisols (Vp) 300
(4) high tervaces of - Eutric Nitosols (Ne) 3,500

pleistocene deposits
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Land-form category Soil Unit Area

_ (ha)
(5) dissected isolated -~ Dystric Cambisols (Bd) 1,400
hills
{6} éissected_érosion - Lithosols (I) 800
surface and mountains
Total 17,500

Euvtric Gleysols {(CGe) or Grey Alluvial and Greyish Brown Alluvial
Soils in Indonesian classification system are the poorly drained soils
in the low-lying areas and/or in depressions. These soils formed from
vnconsolidated sediment materials., These soils are influenced by high
groundwater tables andfor periedic stagnant water by séasonal floods
and heavy rainfalls, and therefore show hydrémorphic propéerties of
gleyzation. These soils have a reducing condition in lower part of soiil
profile because of continuously saturated condition with the water.

The effective soil depth is gemerally deep. These soils have (A)-Ag-Cg
horizons with greyish color in general and the texture is generally clay
to silty clay. The structure fs massive. The pH value ranges from
4.5 to 6,2. The cation exchange capacity is over 20 meq/100 g: The
base saturation degree averages more than 60Z. These sofls are used for
paddy cultivation at present. = Although these soils ave suitable for
irrigated paddy cultivation, drainage tzprovement is essential fory sus-

taining the good yield. These soils occupy 1,800 ha in totzl or 10.3%
of the study area.

Eutric Fluvisols (Je} or Brown Alluvial Soils mainly extend over
the lower riverine terraces developed in-between the Sanrego and Walanae
rivers. These soils are developed on the semi-recent alluvial deposits
and generally immature with no predoninant oorphological characteristics.
The effective soil depth is generally deep. 1In general, theése soils have
A-(8)-C horizons with dark brown to yellowish brown color. The‘éoil
texture is clay to loamy clay. The soil structure varies with lecation,
ranging from structureless massive to weskly developed fine to mediun
angular blocky structure. As for chemical properties, pH value of these
soils ranges from 4.3 to 6.8 showing the tendency to increase in lower
horizons. The cation exchange capacity is generally less than 20 meq/
100 g with more than 60% of the base saturation degree. The most of
these sofls are presently put uvnder cultivation of rainfed paddy,
These soils ave genevally good agricultural potential and often fnten-
sively used. The soils are suitable not caly for irrigated rice but also

for a wide range of crops. These soils occupy about 4,600 ha or 26.3% of
the study area.

Dystric Fluvisols (Jd) or Low Humic Gley $6ils éccur on the higher
riverine terraces of old alluvium, extending over the southern part of
the study area. “These sofils are generally fmmature in proffle develop-
went, with shallow to moderate soll depth. The soil texture is medium
to fine In surface soil and fine fa svb-soils. The soil structure is
generally structureless massive to weakly developed fine angular blocky
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structure., These soils are generally pale in color and moderately
leached of nutrients. These so6ils have A-(B)-C horizons. ‘The pH value
is avound 5.0 throughout the proffle. The cation exchange capacity is
less than 15 meq/100 g with less than 50% of base saturation degree.
Host of these soils are presently used for vainfed paddy cultivation.
The sofls are generally sultable for frrigated rice cultivation.
Adequate fertflization and some measures to prevent the soil erosion
fike terracing and laying out of small plots will be needed for best use
of these soils. These soils occupy 9,100 ha or 29.1% of the study area.

Pellic Vertisols (Vp) or Crey Grumsols develop over the higher
riverine terraces extending on the middle westera part of the study arvea.
The soils have the gréy or black heavy clayey surface soils formed on
calcareous alluvium., These soils have swelling clay propertiés which
cause them to be sticky when soils become wet, and to be hard, dry and
deeply cracked when dry. As the results, picro-relief so-called gilgai
is developed at the surface. This "vertic" surface seils are not very
deep, genérally within 30 co from the ground surface. The subsoils
underlaying vertic surface vary wilh the location from gravelly to clayey
alluvial deposits. They are neutral to slightly alkaline in soil
reaction. The catlon exchange capacity shows more than 20 reqfl100 g
with more than 70% of base saturation degree. The average clay component
is around 50%Z. The land covered with these soils are presently uvsed for
paddy cultivation. Adequate water supply is the key to utilization of
these soils., Thése soils éccupy 300 ha or 1.7Z1 of the study area.

Futric Nitosols (Ne) or Dark Reddish Brown Latosols develop on the
pleistocene high terraces which extend mainly on the eastern part of the
study area, These soils are originated from highly whethered diluvial
deposits., The soils arée gederally deep having an argiliic B horizon,
and well drained. These soils are dark reddish brown to red in c¢olor,
redivn to fine textured, slightly sticky and plastie. The soil structure
is generally structureléss to fine subangular blocky structure. As for
chemical features, the soil reaction is strongly acid showing the pH
value of less than pH 5. The cation exchangé capacity is less than
10 zeqf100 g with more than 60% of base saturation degree. Yost of these
soils are left as grassland, and a very limited area is beiag vsed for
cultivation of estate crops including ¢love, coconuts and kemiri.
Agricultural potential of these soils is generally high for field corps,
especially good for sugar cane growing. ‘However, thesé are marginal to
rice cultivation. Adequate fertflizer application will be esseatial for

any kind of land use. Eutric Nitosols occupy 3,500 ha or 20.0% of the
study area.

Dystri¢ Cambisols (84) or Brunlzems oc¢cur on the isolated hills,
which are sporadically found on the alluvial terraces. These soils are
formed on the residual deposits. They have very shallow depth, rather
low base saturation degree and slight acidity. The soil erosion is
generally serious due to their steep topography. MHost of the soils are
presently used for orchard andfor cultivation of upland erops. These
solls are not irrigable and are excluded from the Project area. These
solls occupy 1,400 ha or 8.0% of the study area.
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Lithosols (I) cover the most of western and southern mountains and
the dissected foothills. They are very shallow in depth and generally
stony, Lithosols have almost no agric¢ultural value,

The results of the present soil classification studies are fllus-

trated on Fig., 1V.2,2. The typical soll profile of each sofl unit is
shodn in Table IV.2.3.

3. LARND CAPABILITY

3.1 Land Classification System

Three major land classification systems have beea applied for the
water resources developeent project in Indonesia. They are:

(1) USPA land capability classification syste;_r:il
{2) USBR 1and c¢lassification Systémig
{(3) FAO land Suitabiiity ¢lassification systemig

The USDA system is most widely used, but {t doés not meet the
particular requiresent for frrigation projeckt. 1t is mainly used for
rainfed agriculture in rainfed. The USBR system was devised originally
for irvigated lend use. However, thé basic concept of the USBR system
is generally to assess the lands under arid climate and/or assess laad
productivity for dry field crops like wheat, barley, cottomn, etce. ' Some
codification of this system is required under Indonesian condfition due
to the different requirerents for ferigated paddy cultivation under
humid climate. Although sevéral approaches to the modification have
been pade by various study groups, none of them has been fully authorized
at present. The FAOQ system is wore flexible than US onés and can be
applied to the full range of environeents. It is the system that the
Soil Research Institute, Bogor, recoixends for use in Indonesia. This
systenm is, however, still undér development and dées not serve the

detailed criteria for suftability assesscent on the frrigated paddy
cultivation.

Considering all th?qe, it is conceived that the Japanese land
classification standard ™ for paddy c¢an be applied to the feasibility
study on the Sanrego Irrigation Project. The Japanese system is devised

Remarks: Jf1l: Land Capability Classification, Agrfcultural Handbook
¥No. 210, 1961, Soil Conservation Serxrvices, USDA.

12: Bureav of Reclamation Manual Vol. 5, Ixrigated Land Usé,
Part 2: Land Classifid¢ation, 1953, USBR.

13: A ¥rarework for Land Evaluation, 1976, FAO

f4: Oulline of Land Classification based on Soil Survey iIa

Japan, 1977, National Instftute of Agricultural Science,
Tokyo,
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originally for paddy cultivation and its classification c¥iteria are
detalled enough for land capability assessment on a feasibility study
tevel. In the Japanese system, lands are classified into & capability
classes, 1.e., I, 11, TII and IV. Each class is defined as follows:

{1 Class I : Land has alwost no limitation for crop produé¢tion
andfor no risk of soil conservatfon. It is
naturally fertile and has a great petential for
crop production without any fmprovement practices
of sofls.

(2) Class II : Land has some limitations for crop production
: andfor some risks of sol} conservation, and
requires sope soil improveméent practices for
noreal crop production.

{(3) Class III: Land has many limitaticns for crop production
andfor 15 likely subject to risks of soil conser-
vation, and fairly intensive improvement practices
are required.

(4) Class 1V ¢ Land has great natural limitations thaa these in
Class 111, but can be uvtilized for cultivatfon of
some specific crops under very careful management.

In the USDA system, lands are classified into 8 classes and the
lower 4 classes from V to VIII are ranked as “not suvitable for agricul-
tural production”. The USBR system has 6 classes, I to III being arable,
IV being suitable only for special uses and VI non-arable, Class V is
reserved for undecided suitadbility, but In practice this class is oftén
omitted. The Japanese system, 4 class classification of arable land,
is, therefore, correlative with these US systems.

The FAO system for land suitability classification is used for
assessment of lands in terms of their relatfve suvitability for a specific
type of use. The Sanrego Irrigation Project aims at iacreasing rice
production uader frrigated coadition and the land use type envisaged is
double cropplag of paddy as des¢ribed in ANNEX-V. In the FAQ systea,
the 1and suvitability classes for each specific utilization type reflect
degrees of suitabflity or of limitation, i.e., Sl (highly suitable),

82 (uoderately suitable), 83 {(marginally suvitable), Nl (curreatly not
suitable, having limitations which are considered unsvitable with
existing knowledge at currently acceptable cost) and N2 (permanently
unsuitable). It is considered that the suitability classes from Sl to
Rl nearly correspond to & classes described in the Japanese systenm.

In view of above consideration, the Japanese system seems to be
most suitable for land capability classification for paddy fields due to
fts detaliled specification and 4 classes rating which can be corrvelative
with other systess. :
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3.2 Specification of Land Capability Classification

In the Japanese system, there are 13 factors for assessment of land
capability as shown below:
(1) thickness of top soil
(2) effective soil depth
{3) gravel content in top sofl
(4) easinéss of plowing
(5) permeability under submerged condition
(6) state of redox potential
(?) wetness of landil
(8) 1inherent fertility
(9) content of avatlable nutrient
(10) degréé of hazard
(il) frequency of hazavd
(r2) slopelL

(13) erosion

The specifications of land capability class are explained as follows:

(1) Thickness of top soil (¢ode: t)

Top soil is the first horizon where plant roots can easily penetrate,
and generally corresponds to the plowed layer. The classes are grouped
according to the thickneéss of top soils as follows (when effective depth

of soil (d4) is placed to class IV, this factor also is placed to claes
1v):

¢ Class
Paddy - Upland . Orchard
{cw)
pore than 25 1 ‘I 1
25 - 15 1 i i
less than 15 11 1Lt 111

Remarks: /J1l: Factors for upland erops only
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(2) Bffective depth of soil (code: d)

Bffective depth of soil is the depth up to bedrock, hard pan and
gravel layer which plant roots ¢an not penetrate. The ¢lasses are
grouped, according to thickness of the effective soil depth, as follows:

Vd Cléss »
Paddy Upland Orchard
(em)
more than 100 I I 1
100 - 50 1 1k ik
50 - 25 "I 11X ILL
15 - 25 i1l Ii1 iy

less than 15 1V v 11

(3) Gravel contesnt io top so0ll (code: g)

Gravel contents in tép soil are expressed by the percentage of the
exposed surface area of gravel on the soll profile, and are graded into
the following classes: :

Class

2 Paddy Upland =~ Orchard
(2)
less than 5 1 I 1
.5 - 10 : 1 11 -~ i
10 - 20 I I - 111 I - 1I
20 - 50 L~ 11 -1V L - LI
more than 50 v v v

(4) Easiness of plowing (code: p)

Easiness of plowing largely depends upon the quantity and quality
of clay and organfc matter and moisture condition. In ovder to estimate
the class of this factor, the following & sub-factors are used:

{a) Soil texture of top soil}

Content of clay Content of sang
I. coarse . less than 15% rpore than 85%
2, pedium less than 15X tess than 85%
3. fine : 15 ~ 25% -
4. very fine pore than 25% -
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(b) Stickaness of top soil;’

1. wnone andfor slightly sticky
2, sticky
3. very sticky

{c) Consistence when dry;

1. 1loose
2. hard
3. very hard

These sub-factors avre coubined altogether to determine capability
classes as follows:

Sub-factors

R Class Criterié

a b [
1

) ; D ! Easy to slightly
2 2 3 . difficult
2 2 2 I cu
2 2 3 131 o
3 3 3 1 ) Moderately difficult
2 2 3 111 . : :
3 3 3 ILE ) Very difficult

 Remarks: J1l: limitation by dry condition

{5) Permeabiligy under submerged conditfon {code: 1)

This faétor affects_irtigation water requirement, soll temperature,
and leaching of the nutrients or development of reduced condition of the
soil. This standard factor is evaluated mainly by the c¢ocbination of

soil texture and the presence of compact layer within 50 ¢m from the
surface, as sub-factors:

(a) Soil texture;

Content of clay  Content of saad
1. very fine more than 5% -
2. fine 25 - 15% -
3. pediun less than 15% less than 85%
4. coarse less than 15% more than SSZ

{b) Compactness;

1. compact: more than 14.0 kg/ca? by hardness meter
2. pediuvm : 14.0 - 1.4 kg/ca? by hardness meter
3. loosé : less than 1.4 kgfcw? by hardaess weter
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Sub-factors Class

b Paddy Criteria

a

1 1 1 - Y : s
1 2 I ) Poorly to ieperfectly permeable
g g i{ ) Hoderately to well perceable

3 3 111 Kell to excessively permeable

(6) State of redox potential (code: r)

This factor indicates the risk of root damage owiang to the strong
reduction of soil, résulting in low rice production. The following
sub-factors are used for the evaluation of this factor.

(a)

(b)

{c)

Content of easily decomposable organic matter in top soil;

1. low : 1less than 10 og NHy-N/100 g
2. pedium: 10 - 20 mg NH,-Nf100 g
3. high : wore than 20 mg KH,-N/100 g

Content of free iron oxides in top soil;

1. high i mnore than 1.5% for dry soil
2. mdium: 1.5 - 0-82
3. low : less than 0.8%1

Dégree'of gleyzation;

1. weak : no gley horizén within 50 cm from the surface
2. wedium:  gley horizon exists within 50 co

3. stroﬁg: gley horizon exists throughout profile or
exists below plowing layer

Sub-factors Criteria

L o I N e e N e (R

b c Class (Risk of root damage)
1 2 1 -

3 2 I } Rone to weak

| 2 |
1-2 3 il

3 3 11 } Hoderate to strong
1-2 3 11

1 2 TE

3 3 I1X

2 2 i1x Very strong

1 3 I11

3 2 Il
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(7) Vetness of land (code: wj wet condition, (w): dry condftion)

This factor is only applied to upland and orcha¥d. This factor is
used for the estimation of wet or drought injury of upland crops and
trees, and is evaluvated by the combination of the following 3 sub-factors:

(a) Permeabiliiy;

1.
2,
3.

high
redium

Yow

(b} Water holding capacity (evaluated by maximum water-holding

capacity);

more than 80
80 = 40
less than 40

1.
2.
3.

high
pedium:

low :

{c) PMoisture condition}

(2).
1.
2,
3.

dryil

slightly moist
moist

wet

Sub-factors Class Criteria

a b ¢ (Risk of drought or wetness)

1 3 (2) (1) High possibility of drought

H 3 1 (111) Possibility of drought

1 2 1 (an ' Low posslbility of drought

1 1 1 | Rone _ ' .

2 2 2 Il Low possibility of ovérwetness
-3 1 3 i1t Possibility of overwetness

3 2 3 v High possibility of overwetness
Reparks: [fl: limitatfon by dry condition

{8) Inherent fertility {code: ¢)

Inherent fertility is evaluvated by the combination of the following
3 sub-factors: '

(2) XNutrient holding capacity (evaluated by CEC);

1. high : rmove than 20 weqf/100 g
2. wedium: 20 - 6 meqfl00 g
3. lew ¢t less than 6 weqfl00 g
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{b) Nutrient fixation power (evalvated by coefficient of
P20s absorptioni

1. veéry low: less than 700
2, low : 700 - 1,500
3, mediun i 1,500 - 2,000
4. high more than 2,000

{c) Base status in sofl (evaluated by base saturation degreé) s

I. good : poré than 50%
2., medius : 50 - 30%
3. poor : less than 30Z

-(i} For paddy

Sub-factors

Class Criteria

[
o

C

) Fertile

|} 1

I1X ¥edium

It

11

i1l

111 i Infertile
111

WL N W N e e RO e
W W NN W N

(i1) For uplanrd and orchard

Sub-factors

Class Criteria
a b C
1 2 1 1
9 1 2 1 ) Fertile
1 2 3 II
2 1 3 4 ¥ediun
i | 3 i It
1 3 2 11
1 3 3 IEX
3 i 1 111 } Infertile
2 4 2 IT-111
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(9) Content of available nutrients (code: n)

Content of available nutrients in soil are closely related to the
inherent soil fertility, and are evidently influenced to cultivation

practices. The capabllity class is evaluated by the combination of the
folléwing sub-factors:

(a2} Content of exchangeable calcium;

1. high : more than 200 Ca0 mg/100 g
2. medium: 200 ~ 100 Ca0 mg/l0D g
3. low : less than 100 €a0 mg/100 g

{b) Content of exchangeable wagnesiumj

1. high : more than 25 MpO ngl/l00 g
2. mediuwm: 25 ~ 10 ¥g0 mg/100 g
3. low : less than 10 Mp0 mg/l00 g

{(c} Content of available potassium;

1. high : wore than 15 K30 ng/100 g
2. pedium: 15 - 8 K30 mg/100 g
3. low : less than 8 K;0 oz/100 g

(d) Content of available phosphate;

1. high : more than 10 P05 np/100 g
2. redium: 10 - 2 P05 pg/l00 g
3. low : less than 2 P05 sgfl100 g

{e) Content of available mitrogen;

1. high : more than 20 R mz/100 g
2. wediun: 20 - 10 N 0g/100 g

3. low : less than 10 N wg/l100 g

() Content of available silfica;

1. high @ core than 15 Si0; /100 g
2. omedium: 15 - 5 Si0;, op/100 g
3. low 1 1less than 5 Si0; mg/100 g

{g) Content of micro-elements (evaluated by the risk of deficlency;

1. noane andfor weak
2. rediuvm

3. serxrious
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(h) Acidity (evaluated by pH)s

. Upland &
Paddy Qrchard
1 1 weak : woré than 6.0
2 2 medium : 6.0 - 5.0
3 3 strong : 5.0 - 4.5
3 4 very strong: less than 4.5
Class Criteria
1 High
11 ¥edium
Ji1 Lo

(10} Degree of hazard (code: i)

‘fhis factor means limitation caused by the presence in excess of
substances such as sulphur compounds, soluble salts, heavy ratals, ete.
Dependent sub-factors for this facter are as follous:

{a) Presence of haraful substances;

(1) Harmful sulphur cémpounds

1. none

2, slightly
3. mwmoderately
4. serlously

{11) Salts coatent {(evaluated by chlorine content as
an indicator)

1. lo= : less than 0.1% for dry soil
3. high : mrore than 0.3%

(i111) Heavy metals

1. none

2. slightly
3. wmoderately
4, seriously
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(1v) Irrigation water quality

Tewp. pH Total N Salts Content
(°c) (ppm) (ppm)
1. good 20 6.0-7.5 less than 1.0 less than 500
2. wedivm 20-15 4.0-6.0 or 1.0-5.0 500-2,000
7.5-8.5

3-4. poliuted 15 less than 4.0 or wore than 5.0 more than 2,000
eore than 8.5

{b) Physical hazard;

Presence of'bedrock, pan, compact layer or gravel layer that
disturb root development within 50 ca of the surface, and
difficult of their removal:

1. none

2. slightly gdifficult
3. very difficult

The class of this factor is decided by the lowest grade amorig the
dependent sub-factors.

Class Criteria
1 None
L Slightly
11E Hoderately
Iv Seriously

(31) Frequency of hazard {code: a)

This factor is mainly influenced by natural environeental c¢onditioen.

The class of this factor is determined by the cosbination of the following
two dependent sub-factors:

{a)} Risk of overhead flooding inundationg

1. wuone andfor : no risk if rainfall with high
rarely intensity occurs
2. wmoderately : even if inundation occurs due to high

rainfall intensity, excess water is
drained out in a short period

3. frequently ¢ fnuundation continuous for a long period
if rainfall with high inteasity occurs
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(b} Risk of land crecp;

1, none andfor varely
2, moderately
3. frequently

The class of this factor is deternined by the lowest grade of two
dependent sub-factors.

Class Criteria
I Hone to rarely
11 Moderately
11K Frequentiy

(12) Slope (code: s)

This factor is applied to upland and orchard only. The class of
this factor is decided by the cocbination of the following sub-factors:

(a) Natural slope as a main dependent sud-factors:
5 grades as shown in the following table,

(») Direction of slope.

{c) Artifical slope.

Steepness of Slope Upland CIasgrchard
) (%)
tess than 3 less than 6 1 1
3-8 6 - 14 it I - 11
8 - 15 14 - 28 183 1 - 11X
15 -~ 25 28 - 47 v i1 - ILI
nove thaa 25 more than 47 1v v
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{13) Erosion (code: e)

The class of this factor is determined by the combination of the
followfng sub-factors:

(a) Occurrence of ¥1l1l or gully;

Gcecurrence OCCuitence
of Rill ’ of Gully
1. none none none
2. rarely rarely . none
3. eoderately sometires none

4. frequently frequéntly exist

{b) Resisting power to water erosion;

1. strong
2. _medium
3. wesk

{c) Resisting power to wind erosion}

1. strong
2. wedium

3. weak
Class Criteria
I None or very slightly
11 Slightly
111 Seriously
v Very seriously

The specification of Japanese land capability class is sumnarized
in Table iV.3.}.

3.3 Land Capability

The land is evaluated by using the assessment factors mentfoned
above, The }and capability class fs deterpined at the lowest class of
the factors. Lipitation on sultability of land due to 13 factors are
indicated by use of codes like "t", "g", "d" efither individually and
collectively, as showm in the following exanple.
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Yactor Code Padady Upland
1. thickness of top seoil t H IEL
2. effective soil depth d 1 1
3. gravel content in top soil g I I
4, easlness of plowing P 11 (3,3,2) i1 (2,2,2)
5. perceability under submerged 1 11 (1,3) -
condition
6. state of redox potential r Ir (2,1,3) -
7. wetness of land W - -
8. inheérent fertility 1 1 (1,2,2) I (1,2,3)
9, content of avatlable nutrient n 11 (2,1,1,1, 111 (3,3,3,
2,2,2,2) 3,3,3)
10. degree of hazard i I ¢1,1) I {1,1)
11. frequency of hazard a 1 (1,1) 1 (1,1)
12, slope s - 1 (1,8,1)
13. erosion e - I (1,1.1)

Land capability class: Paddy ; 1Iplmm

Upland; IVw

With four (4) land classes for rice and upland crops and with each
class having 13 sub-classes, a great nusber of combivations of land
class sysbols 1s possible if much variation occurs in the study area.
Actually, however, only different composite land class synbols are used
for the arable lands $n the study area, as shown below:

a1 Land Study Irrigable

Soil Unit Capability Area Arca
(Paddy/Upland) {ha) {ha)

Futric Gleysols Iipfna/llldgpna 1,200 1,000

Ligpfnafiklg 600 400

Eutrie Fluvisols IIpfa/iitdpse 3,700 2,500

T1tdpfa/iiltd 900 700

Dystric Fluvisels Iltdpin/iltdwse 4,000 3,100

_ 11tdpfn/Ilitdse 1,100 700

pallic Vertisols IipnfIipwne 300 200

Eutric Nitosols - I1Ipn/11tdgpwinse 3,500 1,400

Dystric¢ Casbisols Ivedi /1Vidse 1,400 -

Lithosols iVtdgi/ivedgl 800 -

Total 17,500 10,000
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The correlation between soil unit and land class fs shown in
Table 1V.3.2,

The land c¢lassification map is shown fa Fig. IV.3.1. The general
features of each class, together with suggested land use, ave summarized
in Table IV.3.3. The soils of the Project area are generally suitable
for double cropping of paddy due to their general characteristics of
heavy texture and slow percolation. The soils, however, tend to develop

many cracks in the dry season and require a bit more irrfgation water to
saturate the cracks.
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Table 1IV,2.1 Procedures and Methods of Soil Analysis

Soil Properties

Procedures and Methods

Using the grass electrode method with soil/
solution ratio of 1/2.5

Tyurin method (back titvation of carbon
consurmed by oxidation of chromic acid with
Hz50,)

Converting nitrogen to NH, dy Kjeldahl
digestion, and measuring the amount of NH,
by back titration after addition of acid
solution

Extracting phosphate by NH,F solutien,
colouring by molybdophosphorfic sethod and
reasuring by spectrophotometer

Saturating exchange sites with NHy, extract-
ing NH, absorbed and medsuring the Ni, by
neutrizZation titration

Extracting Ca, Hg, Na and K by N-NH,0Ac,
(1) oeasuring Ca and Mg by EDTA titration
and (2) eeasuring by flame-photometer

Extracting by dithionite (Na;$;0,), coloring
by orthophenanthroline and reasuriang by
spectrophotomater

Fractionating using sieves and taking
suspensions by the application of Stokes'
equation

2., Total carbon

3. Total nitrogen

4, Available phosphate

5. Cation exchange
capacity (CEC)

6. Exchangeable bases

7. TFree irodn

8. Texture

Reference:

H.1.. Jackson, 1967, Soil Chemical Analysis.
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Table 1V.2.3  Seoil Profile Description (1/6)

4e
5.
6,
1.
8.

Profile Number No. 9

Date of Examination 25 August, 1982
Soil HNene

1) PAO/UNESCO, 19744  EButrio Gleysol

2) National, 197 e Grey Alluviel Soils or Greyish

Brown Alluvial Soil

Location Tengnge, DS,Palakka, KEC,Libwreng
Eleévation 110 m
Land Form ' "~ Flat low 1laénd of recent alluvium
Vegétation or Land Use Rainfed paddy fiela |
Drajnage Condition Pooxrly drainéd

Profile Desoription

A 0-20 . Brown (10YR 4/6) dry; olay; struoturéless;
(em) 8lightly stioky, plastio; few small: sphérical
gravel (0,2 -~ 1,5 m) of weathered iron stone
lower, common fine roots; olesr oxr abrupt
irregular boundery; pH 6.2,

B 20—5? Brown (7.5YR 4/4) moist; olay; strustureleésasy
_ cm) stioky, slightly plastio; few fine rootsy
© graduasl irregulsr boundary; pH 4.5.

Cg 50-100 Light gray (10YR 7/1) uoist; olsy 1oam{
(cm) atructureless; slightly stioky, slightly
plastio} few ox oommon fine faint bright
yéllowish brown (10YR 6/8) mottlep gradual
irregular boundary; pH 5.2, :

Remarks : /1 j Soil Map of the World, Legend (volume 1),

-7 PAO/URBSCO, 1974
/2 3 Jenis tanah di Indonesis, SRI, Bogox, 1976.
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Table IV.2.3

Soil Profile Pescription (2/6)

1. Profile Numbex Yo, 4
2, bate of Examination 7 September, 1982
3, So6il Hame
1) PAO/UNESCO, 197441 Butric Fluvigol
2) Nationsl, 197642 Brown Alluviel Soil
4. Location Cenranae, DS,Cenrana, KEC,Kehu
5. Elevation 130 m
6. Land Form lower riverine terrace of semi-
récent alluvium
7. Slope Almost flat
8. Vegetation or Land Use Réinfed paddy
9. Drainsge Condition Moderately wéll drained

10. Profile Desoription

Al 0-?? )
chn

AZ 9-17
(cm)

Crayish yollow brown (10YR 6/2) dry; silt loam;
structuréless; alightly sticky, slightly plsstic,
8lightly hard dryy ¢ommon fine roots; diffuse
wavy boundary: pH 4.,3.

Grayish yéllow brown (10¥YR 5/2) wet} olay loem;
¢ommon fine faint bright brown (7.5YR 5/8)
mottles; structureleéss; slightly stioky,
8lightly plasticy common fine roots; gradual
wavy boundary; pH 5,6, :

Brownish gray (10YR 4/1) wet; olay loamj few
small spheriocal gravel (0.5 - 2¢m) of wéathered
iron stoney few mediuwn distinot reddish brown
(5YR 4/6) mottles, structureless; slightly
aticky, slightly plastioj féw fine roots} clesr
wavy boundarys pH 5.8,

B2 24-38 Brownish gray (10YR 5/1) wet{ olayj weak medium

(cm) brookys sticky, slightly plastic, firm woist,
hard drys gradual irréguler boundery} rH 5.9.

¢ 38-100(+) Dark grayish yellow (2,5YR 5/2) wets olay; weak
(cm) medium blockyp stioky, slightly plastio, firm

moist, extremdély herd dry} gradual irrégular
boundary; pH 6.3.

Bt 17-24
(cn)

Remarks 1t /1 § Soil Map of the world, Legend (voluwms 1),

PAO/UNESCO, 1974
/2 3 Jenis tansh di Indonesia, SRI, Bogor, 1976.
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Table 1V.2.3

Soil Profile Description (3/6)

1.
2,

3

4,
5.
6.

Te
8.
3.

S

Remarke t

Profilé Number
Date of Exemination
Soil Name
1) FAO/UNESCO, 197440
2) Hationsl, 197
Location
Blevation
Land Form
Vegetation or Land Use
DPrainege Condition
Profile Deseription

No. 1 _
31 August, 1982

Dystric Fluvisol

Brown Alluviel Soils

Carima, DS,Cenrana, KEC.Kehu
155 m

Highex riverine terrsce of
alluviuam

Rainfed paddy field
Well drained

Pull brown (7.5YR 3/2) dry, silty clay loanm,
weeakly massive, £lightly sticky, slightly plastie,

fréquent fine roots, cleer wavy boundary, pH 5.3

A 0-1%
: (cm)
AB  11-17

Geayish vrown (7.5 YR 4/2) moist, silty, clay,

(cm) moderate medium granular, slightly sticky,
slightly plastic, slightly hard dry, frequent
finé roots, clear irregulsr boundsry, pH 4.7

B11-17~3€

Brownish gray (10YR 5/1), olay, common medium
cm) @diastinet red mottle (10R 4/8), moderate medium

angular blocky, sticky, plastic, slightly hard
wot, very hard dry, frequént fine roots, gradusl

312'32-65

irregular boundary, pH 4.8
Brownish gray (10YR 6/1), claey, many cosrce

(ecm) brignt yellowish brown (10YR 6/6) mottle,
modérate medium blocky, sticky, very plastioc,
firm moist, very hard dry, few fine roots, clesr
irrégulaer boundary, pH 4.8

B2 65-8

Brownish gray (10¥YR 6/1),¢6lay, moderate wedium

cm) blocky, very stioky, very plastic, firm moist,
very herd dry, clear irregulsr boundary, pH 4.9

¢  83-100(4) Grayish yellow brown (10YR 6/2), meny coorce

(cm) prominent
nottle, mo

bright yellowish brown (10YR 6/6)
derate medivm blocky, slightly sticky,

plastio, firm moist, extrémely fimm, weathered
oclay stone or tuff, pH 4.9.

/1 i Soil Map of the Wordd, Legend (volume 1),

FAO/UNESCO, 1974
/2 4 Jenis tansh d4i Indonesia, SRI, Bogor, 1976.
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Table 1V,2.3 Sofl Profile Description (4/6)

1.

3.

4.
9.
6.
1.
8.
9.

Profile Humber
Date of Examination
Soil Nome
1) FAO/UNBSCO, 1974L)
2) National, 197
Location
Rlevation
Lend Forw

Vegetation and Land Use

Droinangé Condition
Profile Description

Ho, 12

31 August, 1982

Pellic Vertisol

Grey Grumusol

Tompongpatu, DS,Senrego, KECG,Kehu
160

Low riverine alluvial terrace
Reinfed paddy field

Hoderately well drained

A 0-31 Reddish black (7.5YR 7/1); heavy olay; strong
(cm) medium blocky; very stiocky, very plestic, very

firm moist, extremely hard dry; diffuse
irregulsar boundary; common fine roots; pH 5.8.

B 31-40 Brownish black (10YR 2/2); héavy clay; very few
(cm) fine faint yellowish mottles; strong massive,
very sticky, very plastic, firm moist,
extremely hard dry; few fine roots, clear wavy

boundary; pH

6.3.

¢ 40-100 Déxrk brown (10YR'2/2)%2heavy oclay; many medium

(cm) prominent light gray

+5Y 8/1) mottles;

moderate fine granular; few small, hard,
sphéricsal, white, lime ¢oncréetion; moderate
fine granular; véry sticky, veéry plastio,
friable wet, eéxtremely hard dry, ¢léar wavy
bounderyy pH 7.6.

Remsrke : f1 § Soil Map of the world, Legend (volume 1),
PAO/UNBSCO, 1974 -

L?
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Table 1V.2,3 Soil Profile Descriptfon (5/6)

1. Profile Number
2, Date of Exasmination
3, Soil Name

No. 29
7 September, 1982

1) PAO/UNEBSCO, 197441 Eutrio Nitosol

2) National, 197

4. Tocation
"5, Elevation
6., land Form
7. Vegetation

8. Drainage Condition

Dark Reddish Brown latosol
Polewali, DS,Polewali, KEG, Liburéng
150 m

High terrace of diluvial deposits
Orohard {Cashew Kuts), grass lend
Well drained

9, Profile Desoription

A

B1

B2t 30-150(+)
(300)
{om)

0-10 .
(cm)

10-30
{ca)

Dark reddish brown (2,5YR 3/2) dry; clay loamj
atruoturéless; non aticky, non plastic, friable

noist, herd dry, few fine roots; gradusl

irreguler boundsry; pH 4.6,
park réd (10R 3/4) dry; olay; struotureless;

meny medium prominent réed (10R 5/8) motiles;
slightly sticky, slightly plastic, friable moist,
hard dryj veéry few fine roots, gradual irregulsar
boundary; pH 4.4.

Red (7.5R 4/8) moist; clayj structurelessy meny
médium prominent red (10R 5/8) mottles;
continuous thin cuton of clay with sesquioxideé;
slightly sticky, slightly _

dry; gradually irregular boundary; PH 4.5.

Remarke

VAR

[2

Soil Map of the World, legend (volume 1),
FPAO/UNBSCO, 1974

Jenis tansh di Indonesia, SRI, Bogor, 1976,
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Table IV.2.3

Soil Proffle Description (6/6)

4,
5.
6.
7.
8.
9.

Profile Humber
Date of Exawmination
Soil Name
1) Paojuresco, 197aL!
2) National, 197
Looation
Elevation
fand Form
Yegetation
Drainage Condition
Profile Description

Ro, 30
7 September, 1982

Dystric Cambisol

" Brunizems

Batu Batu,DS,Biru, Xec,Kahu
170 w

Disseotéed isolated hills
Crass land '

Well drained

A 0-12 _ Dull yellow orange (10YR 7/2) dry; silt losm;
(cm) structurelessy few fine faint brown (7.5YR 4/4)
mottlesy non sticky, non plestic, friadle¢ moist,
8lightly hard dxy; few fine roots abové 5 omj
gradual or cleasr smooth boundarys pH 5.1

¢ 12-100(+) Grayish yellow brown (10YR 5/2) moist; silty
(cm) olay loamy weak medium bloéky; non sticky,
slightly plastic, firm moist, very haxd dry;
gradual or cleédr smooth boundaryi pH 6,0.

Remarks : /1 3 So0il Map of the World, 1egend (volume 1),
FAO/UNBSCO, 1974

/2 3 Jenis ténsh di Indonesia, SRI, Bogor, 1976.
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