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LEGEND
Naticnat RoadsProvincial Road
Other Road

e oo Bopder of Provinee

it - s 4 Border of Khura (Commune)
& . Khum (Comnwne) Office

Lard Resources Calegories

1. {Land Unit Y13:
- Bouble ceop for rice andor upland crops
2. (Land Urit Lw) :
Byouble c1op for rice andfor upland crops (minimal tillage if upland crops)
3, (Land Units Al, 03 and Y2):
Map diffeient scrls: double cm;‘: good soils {70% - 90% of total) for rice or
. upland crops. (15% of Al Is uscd for villages, roads end infrastructure)
T ¢ (Land Uniits He, Hy)
Improve yield of wet stason rice or upland crops; inlroduee mose fruil trees;
.imgruve roads and agriculteral infrasiruciurz. {30% - 80% is used for villages,
reads and infrastrocture}
5. (Land Bnits He, 1) : . .

" Leguininous pastores of Lodder crops; agroforesliy including perevutial treo
and shrub keguines. bariboo and fuchwood; iniprove toads and agricullural
infy rastructere i [35; Minor wel season rice and e ciops a8 soils improve,
(20% of Hs is uged for villages, toads and infrastructure}

6. (Land Units 01, 02) 3 . .
: Map different soifs in 02; soil and agronomic improvement including wet
$6a30N ghedn manure Emps belore Hee, poorer salls and other areas rever 1o
SaIN¢ s a3 group 5 It with soime Wrigation Lo improve viability; research
B 7. (Land Unit Le): . :
" Intrechy it cormervation i including deep rocted trec
and shrob fegumids for soil conscrvation and stock fodder, banboo and
fuelwood
& (Landunitz b, 15):
No change in Tand use

Prek Sleng

Beng Khpmg

¢ See Section 9, Planning for A;ricuhu‘ral Land Use for ditails; soil
Improvement is assumerd for every calegocy.

Fig. 11-6 Land Resource_s Develpment Plan
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Route 2

.

Ps
Pl

H

: Villages with orchards, gardens, roads, paths clc. .
: Upland crops field
Up :

. . . LEGEND
; Paddy lietd in almost flal tesrain (smadl & irmegular) -——I—F-‘(ﬂ—
: Paddy fietd in almost Ra terrain (large & square) -
s . Road
ooawamy area Lo
. i . Canal
1 Grazing tand on hillocks

. SCALE
" Land Use Categories ~ -0 o ' : 2km
: [ S| : A |

Paddy fetd in slighaly clovaied terrain

Fig. 118 Land Use Map of Tonle Bati Priority Area
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Route 2

Soil Map Categories

- Otd levee senmnant . i) . | 2 kmi
 Lower flanks of old levee” - : [ l ) )

: Genlly sloping terrain with plain (commaon)
: Very gently sloping plain with terrace (svne) ;

Almost fial plain . . S
: Old plain : : - LEGEND

: Dépressionl lerrain . :
. Hiltocks -Road.
: : ————  Canal

Man-made rise

Fig.. I1-10  Soil Map of Tonle Bati Priority Area
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Roure 2

Land Saitability Categories __ SCALE |

{wet scason paddy/dry season paddy)

31/81 i -
SI/SH (SEF/S20) )

Siisate

S2IUS2H
$2si753sit
S3dysadt

Non used (Hillocks)

Non used (Man-madé Tise)

LEGEND

=== Road
Canal

_ Fig.-_II-12 L_ai!d Suitability Map of Tonle Bati Priority Area
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Land Suitobility Calegories
(upland crops/pasiuics)

S8

S2cdfSs (S3sd/524()
52sd/51s

$3sfd/S2s0

N1/52sf

N2/MNT

Non used (Hillocks}

Non used (Man-made risc)

U 1 2 ki

L JEGEND

= Road

————  Canal

Fig. 1I-12  Land Suitability Map of Tonle Bati Priority Area
(for upland crops) 2/2
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FAO Classification: Eutric Fluvisol

Mapped Land Unit(s): Hy, Al

- Landform: - RiverLevee
Soil Parent Material: ' River alluvibm
Soil Permeability: Moderate
Soil Drainage: Modérate_
Flooding/Inundation: | : ' To 0..5m. once or twice a year
Land Use/Vegetation: - Wet scason rice |

Summary Description: Brown, massive, hard-setting silty clay on recent
: . layered afluyium.

Al (0-15cm):. Dark yellowish brown (10YR4/4), massive, firm, light sﬂty clay with
: many fine dlstmct brown mottles; pH 5. 8

B2! (15-40cm): | . Brown (10YR4!3) massive, firm medlum clay with many medlum '
' a _famt grey mottles; pH 6.5, -

‘B22 (40-100cm): Brown (10YR4/3), masswe ﬁrm llght silty clay with many medlum
o - distinct grey mottles; pH6.0. .

BC (IQO—IZOC:m): ~ Brown (10YRS5/3), massive, very firm medium clay with many
' : ' medium distinct grey and fine distinct brown mottles; pHS5.8.

. (The mottling in these soils is due to the pre%ence of emall lenses of silt and the weathering of .
parent malenal grains) . :



FAQ Classification: : Vertic E(IZambiS()l

Mapped Land Unit(s): ALYL, Y2
Landform: Active floodplain
Soil Parent Material: River alluvium
Soil Permeability: Stow |

© Soil D.rainage: Imperfect - poor
Flooding/Inundation: .. 30-60cm, 2-3 times a year
Land Use/Vegetation: | © Wetseasonrice
Summary Description: | | Deep, yellowish brown, weakly

structured, mottled silty mediuin
clay on recent alluvium. -

Ap' (0-15cm): Grey (10YRS/1), massive, firm, <;11ty clay loam with brown root-line
traces; pH 6.5-7. :

B21 (15-40cm): Brown (10YR4/3) or dark yellow1sh brown (lOYR4f4) firm clay or
_  silty clay with comton brown’ mottles and weak angular blocky
~ structure; pH 6-7. :

B22 (40—750ni): | Dark yellow1sh brown (10YR4/4 4!6) or yellowmh brown
o . (I0YRS5/6), very firm medium to heavy clay with many medium

distinct grey and brown moltiea and weak angular blocky. structure;
pH 6.5-7.5. _

B23 (75-120cm); Yellowish brown (10YRS/4, 5/6) very firm 31lty clay to medium clay
_ with common medium brown mottles and very weak angular blocky
structure; pH 6-7.5. .

(The grey colour of the Ap horizon is due to 1nundat10n induced reducing’ condltions under
paddy rice)



FAOQ Classification: | Eutric Cambisol

Mapped Land Unit(s): Y2

Landform: Acﬁve floodplain

Soil Parent Material: _River al_luvium

Soil Permeability: ~ Slow to very slow

Seil Drainage: ' Imperfect

Flooding/Tnundation: © 30-60cm, 2-3 times a year

Lénd Use/Vegetation: o Wet season rice

Summary Description: .. Shallow, yellowish brown, silty clay on recent -

alluvium of low permeability.

Ap (0; 15cm): | Greylsh brown (10YRS/2), massive, firm silty loam with brown root-
: - - line traces; pH 7. ' _ _ :

B (15-40cm): - Yellowxsh brown (10YR5/4) massive, firm sxlty clay with common
: S medium brown mottles; pH 7.

C (40—1200_111): - . Brown (10YR5/3), dry, hard masswe silty clay loam with many silt
- : . lenses; pH6. 5 ' _ .

(The greyish colour of the Ap horizon is due to mundatlon—mduced reducing conditions under _
paddy rice. The dryness and apparent very low permeability of the C horizon may be due to the
presence of platy silt pamcles which block soil pores) _
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FAO Classification: Dystric or Ft‘_,rralic Cambisol

Mapped Land Unit(s): He, 03

Landform: Relict levee

Soil Parent Material: River alluvium

S¢il Permeability: ' Slow to very slow

Soil Drainage: Poor

'Flooding/Inundation: =~ Nil

Lahd Use/Vegetation: | ~Yillages, transport corridors
Summary Description: | - Slightly elevated, poorly drained,

dense, mottled heavy clay on old
river levees.

Al (0-15cm): “Brown (10YRA4/3, 573), massive, hard, fine sandy clay loam; pH 6-7.

B1 (15-30cm): Dark brown (I0YR4/3) or dark yellowish brown (10YR4/4),
massive, firm to very firm sandy clay or light cIay with a few medium
distinct brown mottles; pH 6.5-7.5.

B21 (30~60cm): Brown (1(}YR4/4) or strong brown (7. 5YR5/6) dense but éométmles__
weakly structured heavy clay with many fine and medium brown and
reddish mottles; some dark cutans; pH 7.5-8.

B22 (60-120c1n): Strong brown (7.5YR4/6, 5/6), very dense, weakly structured heaV) _

clay with many red and grey mottles, a few ferro- mangamferous
nodules and dark cutans on ped faces; pH 8.

(the occurrences in land unit O3 are on the small remnants of refict levee 'He')



" FAO Classification: . Gleyic Acrisol

Mapped Land Unit(s): 01, 02, 03

Landform: _ : Old alluvial plain

Soil Parent Material: Old river alluvium

Soil Permeability: | Slow to very slow

Soil Drainage: . Very poor

Flooding/lnundatioh: No natural flooding; man-made floods due to

: _ drainage dtverelon now oceur 1rregu1arly '

Land Use/Vegetation: _ | . Poor quality wet season rice |

_Sumn_iary Description: .~ Old, strongly mottled, sticky sandy loams over
o ) heavy clays with rounded sand grains and very poor

drainage.
Ap (0-15cm): - Brown (10YR4/3, 5/3), massive, firm sandy loam or sandy clay loam;
o : pH 5.5. . :
Eor Bl  Brown (7.5YRS/4) or light brown (7.5YR6/4) -
(15-35cm): _ massive, sticky, firm sandy clay loam with common to many fine to

medium yetlow and brown mottles; pH 5-5.5.

B21 (35~75'cm): - '. Strong brown (IIO_YRSIG, 7.5YR5/6), massive, sticky, very firm
D : heavy sandy clay or medium clay with sand, with many red and grey
motties and about 2% ferro-manganiferous nodules; pH 5.

- 'B22 (75-120cm). ~ Light yellowish brown (10YR6/4) or reddish yellow (7.5YR6/6),
. L massive, very firm heavy clay with sand, with many medium to large
red and grey mottles and from 5% to 20% 20mm ferro-manganiferous

nodules, sometimes laterite; pH 5. o

(Laterite sometimes oceurs at shallow depth all proﬁles have an mcrement of medium sized,
reddish, rounded sand grains throughout and probably kaolinitic clay minerals)



" Orthic or Albic Luvisol

FAQ Classification:
Mapyped Land Unit(s): Ht, Hs 02.
Old river levee

Landform:

Soil Parent Material:

Soil Permeability:

Old river alluvium

Slow to very slow

Soil Drainage: Very poor
Floodingllnundétion: - Nil
Land Use/Vegetation: _ _Bamhoo or other pioneer vegetatlon SOMme poor

quality rice; cattle. -

- Summary Description: - Old, mottled, sticky loamy sands over sandy ciays

Al (O—lj()cm): .

F/A3 (10-45cm):

B21 (45-85cm):

822.(85~1200m):

with rounded sand grains and very poor dramage

"Brown (10YR4/4, 5/4) masswe firm, loamy sand or clayey sand

pH 5.5-6.

Strong brown (10YR5/6, 7.5YRS/6), massive, firm or hard sand,
loamy sand or clayey sand with a few yellowish mottles; pH 5.5-6.

Light brown (7.5YR6/4) or light yellowish brown (I0YR6/4), firm to .
very firm, massive, light sandy clay loam to light sandy clay with

" common to many medium distinct brown and yellowish mottles; pH

6-7 (or more).

-Light brown (7.5YR6/4) or yeilowish brown (10YRS!4) or darker,

massive, dense sandy clay with many medium distinct brown and - |
grey and some reddish -mottles; 2-5% small, rounded
terromanganiferous nodules; pH 7-8. .

(all profiles have an increment of medium sized, reddish, rounded eahd grains throughoﬁt and ~
probably kaolinitic clay minerals. The occurrences in land unit O2 are on the small remnants of
the old sandy levee 'Hs")

A-6 .



FAO Classification:

Soil Drainage:

Albic or Luvic Arenosol

'Mapped Land _Unit'(s):' _ " Hs

Landfofm; _Old river levee
Soil Parent Material: Oid river ailuﬁiufn
Soil Permeability: Rapid

Well to moderately well drained

Flooding/Inundation: Nil

Land Use/_Vegétation: Villages and transpdrt corridors; orchards, gardens;

cattle; bamboo or other pioneer vegetation.

Summary Description: | - Old, deep, sdmewhat'leached reddish sands and

Al (0-10cm):

- B1(10-50cm):

B2 (50-120cm):

~ clayey sands with a near neutral pH.

~ Brown (IIOYR4/3) dark yé]low1sh brown (10YR4/4). or redder, soft,

massive (smgle gramed) sand w1th rounded coated grains and pH 6-

- 6.5.

Reddlsh brown (5YRS/3), brown (7. 5YRS/4) or strong brown
(10YRS5/6), soft to firm, massive sand or clayey sand wnth a few

: brownlsh mottles and a pH of 6-7.

B Light reddish brown (5YR6/4), light brown (7 5YR6/4) or strong

brown (7.5YRS/6), soft to firm sand or claycy sand with a few
brownish mottles and a pH of 7; minor very small

* ferromanganiferous nodules. .

(all proﬁles_' contaih medium sized, reddish, rounded sand grains with some presumably

kaolinitic clay)



OTHER SOILS

The following soils were observed on only a few. occasions and appear to be very limited in
extent, consequently they were not allocated separate takonomic status, - However, in an
intensive irrigation scheme any soil can be important especially if it is sandier, more ele\}atéd,
tess fertile, or less well drained than the usual soils of the land unit concerned. These soils'and
their locations are described below: | | ' :

1} A variant of the Gloyic Acrisol that occurs in land unit O1 was found twice in the south
east, alongside Lake Cheung Loung. This- soil is greyer (commonly brownish yellow;
10YRG6/6), has only about 15c¢m of sandy soil on the surface, and has only medium clay in the
B horizons. It is also véry poorly drained indeed. It is possible that this soil has had some
facustrine influence from the Tonle Bassac River swamps and backplains.

2y A second variant of the Gleyic Acnsols found only once in land unit O2 but which may :
oceur also to a hrmted extent in Jand units O1 and O3 has a very hlgh pH - at least 9 throughout
the proﬁle. _Tho_se are very -poor soils and are probably toxic to plant growth. Slmllarly, a high
pH variant of the Orthic/Albic Luvisols occurs occasionally in land units Ht and Hs; these have
pH 8-8.5 below about 60-85¢cm depth.. High pH was also occasionally encountered in the
Dystric/Forrahc Cambisols of land umt Hc. '

2) In Iand unit Y2 some soils thought to be formed in old nver bedq were doscrlbcd These are
Regosols, with coarse to medium sand texture profiles and an ovorlay of sandy clay about
15cm deep. The: sand grains are sub-rounded, which implies transport by river water. The
overlay of Sandy clay is probably a result of years of terracing and cultivatioh of these soils _
(along with adjoining soifs) for wet season rice. In the Wet season tho low water holding
capacity and rapld infiltration rates of the soils is not 1mportant but they appear to be very'
mfortllo and produco very poor rice crops '

3) Regosols also occur in the tiny area in the far south which is a small sandy outliér of the
rocky hill country that liesto the south west, around Phnom Thma Doh and Phnom Phd'iu'

Pam. These were not inspected but local descnptlone indicate that they are probably Regosols |

4 Romnant paiches of old rivcr.levees were also found in land unit 'Y2_. 'Thcso_ wb-re not' _

closely inspected as they appear to be quite rare, but from the natural expoSures obsor{/ed they ) o
appear o have characteristics between those of the active levees of land umt Hy and the rellct e

ones of land unit Hc



5) The swamps that occur in and units Lw and Ls were not inspected in detail but probably
have very poorly drained, organic - surfaced, strongly mottled clay soils formed in a paludal

environment {Gleysols).

6) The soils that occur in land unit Le vary depending upon the land units that adjoin each

occurtence, but they are usually eroded or partially truncated.
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1. GENERAL

1.1  Scope of Works
The purposes of this investigation are as follows:

a. to obtain general geological information in the project area, -

b. to clarify the foundation geology of Kompong Tuol Regulator Site, Tuk Thia
Regulator site and National Road No. 3 Dike Site,

¢, toselect borrow sites and evaluate embankment materials.

In order to achieve the above purposes the following investigations were carried out.

a. Collection of existing' geological information,
b. Geological surface survey in the project area.

Borehole investigation at the regulator sites in parallel with in-situ permeability
tests and standard penetration tests. ' : _

Laboratory tests of the soil sampled from borehole.
Test pit investigation for embankment materials.
f. Laboratory soil tests for embankment materials.

These site investigations were carried out in June and Jdly 1994.
1.2 Data Collection

Exisﬁ'ng relevant data and information of Cambodia and the project area were collected
through the Department of Hydrology, the Ministry of Agricuiture, Forestry and Fisheries. -
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2. GENERAL GEOLOGY

2.1 General Features

The studied site is underlain by the following geological formations.

Geological age Formation
Quaternary - - Talus
Old Alluvium
Young Alluvium
Recent Alluvium

Triassic Indosinas Group
Devonian Quartzite

Homblende Granite

2, 2 Geologlcal Formatwn

Characteristics of the above geologlcal format:ons are descnbed below in the ascending
order (from older to younger formations in age)

(1} Devonian Quartzite

This formation underlies the area of Phaum Chong Stoek (Phnum Tatea) south- east of
the project area, and outcrops along the ridge’ of hlllS :

‘The Quartzite predominantly consists of quartz and colorless minerals, and is
characterized by very hard rock quality. -

(2) Hornblende Granite

This formation underlies the area 4 km south-west of Boeng Tonle Bati and outcrops B
on the tops of the both peaks of Phnum Tatea Do, Phnum Phdau Pam.

The Hornblende Granite consists of holocrystalline quartz (5 - 10 mm in size)

predominantly, and small amount of feldspar and hornblende (1 - 3 mm in size). Fresh part '
of this rock is very hard , although the rock is soft where weathered.

(3} Indosinas Group

This formation outcrops in Phnum Hophu south-west of the project area,
predominantly consists of greemsh medium-grained hard sand mtercalated
by shales (5 - 20 m thick), with quartz veins (0.02 - 0 20 m).

The formation strikes 70 degrees from the north to the east, dlps 75 degrees to north,
{4 Talus

Talus underlies two main areas: (a) around Phnum (Mt) Chong Stoek (b) Phnum '
(Mt.) Tatea Do and Phdau Pam. -

‘a. Talus around Phaum (,hoﬁg Stoek consists of 70% of siliceous angular gr’ave_l, _
-30% of fine sand or silt; originated from the Quartzite of the Phoum Chong;'with'a_ B
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thickness more than 4 m. This Talus material has been utilized as a construction
material for National Road No.2 and No.3. _ :

b. Talus around Phnum Tatea Do and Phdau Pam predominantly consists of coarse
grained quartz sand originated from weathered Homblende Granite. This Talus is
considered to be a recharger of ground water because of its high permeability.

(5) Old Alluvivm

This formation underlies the alluvium terrace south-east of the project site, elevation of
the terrace plane ranges from 10 m to 20 m; outcrops along the Pol Pot Canal extending from
the Stung (river) Toch to the south. This is also observed at the side wall between 100 m and
900 m from the ‘Tuk Thla Regulator along the canal extending from Prek Thnot to the west.

This formation predominantly consists of medium-coarse grained quartz sand
intercalated by whitish , pail yellowish brown fine-grained soil; shows a sub-horizontal
geological structure and lateral change of facies (inter fingering) in every several 10 m
distance. Some parts of the coarse sand are cemented by oxidized iron, resulting in laterite; -
some parts of the fine-grained soil were oxidized to yellowish in color, Gathered manganese
grains (10-25 mm in size) and iregular-shaped gypsum nodule (10-100 mm in size) are
observed in this formation. ' _ ' '

The Old Alluvium is generally susceptible to erosion, particularly the fine-grained soil
is dispersive when saturated and subject to piping. On the other hand a part of the coarse
sand outcropping on the side wall between 500 - 700 m within the exposed area of
100 m - 900 m from the Tuk Thla Regulator along the canal is dense, forming a vertical cliff.
And the whitish fine-grained soil layer which intercalates in the dense coarse sand in this area
is firm, ' S

(6) Young Allavium

. This formation underlies the alluvium lower plane, -the elevation of the plane surface
ranges from El Sm to 10 m-, in the north arca from a approximate virtual linear line
connecting Stoeng Toch and a point 1 - 2 km south of Stoeng Tonle Bati; consists of
fine-grained soil-and sand with the maximum thickness of 10 m. '

The ﬁne~graihed soil is very hard when dry, but soft and dispersive when saturated.

This formation overlies lhe Old Alluvium and underlies the Recent Alluvium in a form
of diastem (slight uncomformity).

(?) Recent Ailuvium

- This formation is exposed on the river bed and the river side of Prek Thnot, Stoeng

- Toch, and the lake side of Boeng Tonle Bati; consists of very soft sandy fine-grained sotl and

loose sand with the maximum thickness of 10 m. The sandy fine-grained soil and the loose
sand change their faces laterally to each other (inter-fingering). '

2.3 Distribution of Geology in the Project Area
Geological cross .séc'tidns"of _Kanda'l'Stuhg Irrigation Area and Tonle Bati Ii'rigation
Area are shown in Figure I1I-2 and -3, based on the information of the existing wells. The

geological information of Kandal Stung Area was obtained from 24-hour-TV, and that of Tonle
~Bati Area was from UNICEF. R : :

m-3 o



The surface (or shallow ) area of Kandal Stung Area is underlam by fine- gramed soil
of Young Alluvium(yaf), with a thickness of several meters.
~ Tonle Bati Area is underlain by thick old alluvium deposus which predominantly
consists of sand inter-fingering with fine-grained soil .
‘Below EL-20m approximately, Kandal Stung Area is underlain by a gravel layer (Oag)
which is an aquifer for wells. The lowest boundary of this layer is not conﬁrmed

U m



3. ' _GEOLOGICAL CONDITIONS OF TUK THLA:
AND KOMPONG TUOL REGULATOR SITES
~ -Results of Borehole Investigation-

3.1 General Geological Conditions of the Project Site

The site is underlain by Quaternary unconsolidated deposits subdivided into three
Alluvium units; (1) Young Alluvium, (2) Old Ailuvium and (3) Recent Alluvium, in ascending
order, every unit being slightly unconformable (diastem) to each other. These units are
observed sub-horizontally. '

~ The stratigraphic sequence of the deposits in the Tuk Thla and Kompong Tuol
Regulator sites is outlined in Table 11I-1, geological map and profiies are shown in Figure HI-
2, and III-3 respectively. : .

| -'(1). Ol Alluvium

~ The Old Alluvium predominantly consists of fine—éoarse-g.rained sands (oas)
intercalated by fine-grained soils (oaf). The deeper portion than Ei. O mis medium-coarse-
grained sand and the shallower than EL. 0 m is medium-fine grained sand,

N-value of thé Old'A_lluvium sands (oas) ranges from 8 to greater th.an 50 and is

generally summarized as shown below;

Depth o ~ N-Value

" Shallower than EL-7Tm . 30-40
Deeper than EL-7m - more than 50

Permeability coefficient ranges from 1.0 x 103 cm/sec to 1.1 x 10-2 cm/sec and the
average is 5.6 x 103 cm/sec. | ' ' - :

“The fine-grained soils (oaf) are widely distributed between ELO m and 6 m in this area;
and less permeable (permeability coefficient ranges from k=3.9 x 10-6 10 9.7 x 10°6). .
However thickness of this layer is confirmed to be approximately 2 m only by the Boreholes
BH-1 and BH-2, and probably not continuous in the center of the river at Kompong Tuol
regulator site due to erosion by the river. _

(2)  Young Alluvivm - o L
_' | You_ng" Alluvium is subfdivided into ﬁne-gréined soils layer (yaf) and fine-medium
grained sand 1aye_r (_yas) in ascending order. R oo

“The fine-grained soils (yaf) is observed to above EL6 m, N-value of which was not
" investigated but is considered to be similar to the Old Alluvium(N-value=13 to greater than

- The fine-mediu gra_inéd _s_;arid_s‘is limitéd to.above EL11 m al Tuk Thla gate site, and

 the N-value is greater than 50. |
"Peﬁnea'bilit:y coefficient of Young Ailuvi_hm sand (yas) and fine-grained soil (yaf) were

not investigated. Permeability coefficient of Young Alluvium sand (yas) is consider to be
similar to the Recent Alluvium sand (rasy (k=2x10-3) . Permeability coefficient of Young |

Coms



Alluviurmn fine-grained soil (yaf) i IS considered to be srmllar to the Old Alluvrum fine-grained
soil(oaf) (k=6x10-6), -

Some parts of the Young Atluvium 1nclud1ng both sites for the proposed Kompong
Tuol Regulator and the new dike has been eroded by recent rivers,

3) .Recent Alluvium

. The Recent Alluvium is sub- divided into the following two strata; (a) ﬁne-grarned soil
(raf) and (b) fine fo medtum gramed sand-(ras). Both strata contacts each other in a form of
inter-fingering, :

This is distributed between the proposed Kompong Tuol gate and the existing
Kompong Tuol gate along the national Road No.3, above El. 2 m. Around the boreholes
BH-1 and H-2, the Recent Alluvium is observed above El.2 m, whereas around the borehole
BH-3, and BH-4 above El.4 m.

The Recent Alluvium is also observed above EL8 m in the south area 100 m to 400 m
along the National Road No.3 from the existing Tuk Thla gate, where this alluv1um consists
of fine to medtum grained sand (ras).

The fine grained .soils-(raf) are very soft and N-value is smaller than one (1), while the
fine to medium grained sands (ras) is very loose 10 toose and N-value ranges from 4 to 8.

Penne'ability of the fine to medium grained _sands (ras) ranges from 2.0x10-3 to
3.6x10-3 cm/sec (average 1.7 x 10-3). Although the permeability of the fine grained soils -
(raf) was not investigated, it is considered to be smaller than 2.5 x 10~ cm/sec.

3.2 Resuits of Laboratory Sorl Test for the Samples from Boreholes

Laboratory sorl test was performed for disturbed samples obtained from the boreholes :
and test pits; and the results are shown in Table III- 3 '

: The specrﬁc gravrty of the soils (E, raf, ras, yaf, oaf, and oas) ranges from 2.52 to
2.65 which is a smaller side within a range of the specrﬂc gravity of non- orgamc soils. No or
very few ‘organic material is 1dent1ﬁcd ' .

The fine- grcuned soils are classrﬁed into low plastrcrty elay with a hqurd llmrt lower _
than 50 %. : ‘

Natural water content of the. lower part of the extsnng embankment which consists of -
fines is 39 % that is in a high range as an embankment. This is because the lower part of the
- embankment is considered saturated by seepage through the Recent Alluvium sand layer (ras)
that the embankment founds on. It is further considered the saturation has lowered the
strength of the embankment matenals at-the lower part, . - :

Natural water content of the Recent Alluvrum ﬁne gramed soils is 29 %, thus thls sand-
- may be susceptible to consolidation, :

- According to the grain size dlstnbutron the sandy sorl is; classrﬁed 1nto a range wrthm
poorly-graded sands or clayey sands .
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3.3 Foundation Geology
3.3.1 Tuk Thia Regulator Site

This site is composed of the fine- grained soil (oaf) which is very firm (stiff) (N-value:
from 19 to 33), and the sand (oas) which is very dense (N-value: from 21 to greater than 50).
Based on this information, the uni-axial compression strength of the fine grained soil (oaf) is

estimated to be 2.0 to 4.0 kgf/cm?: and the internal friction angle of the sand (oas) to be 30 to
40 degrees. ' ' o : o :

According to the obtained hearing information no seepage failure has taken place at near
Tuk Thla regulator site, although the material of the Old Alluvium sand (oas) is congidered to .
be susceptible to piping. The reasons can be explained such that the head difference between
the past flood height elevation (approximately El 14 m) and the elevation inside (downstream
side) of the dike (approximately E1.13 m ) was not large enough for causing piping around this
area. Hence it is not likely that seepage failure will take place after the reconstruction of the
regulator at this site. - : :

3.3.2 Proposed Kompong Tuol Regulator Site

This site is compo'sed df the Old Alluvium sand (oas) and fines (oaf); and the Receht- :
Alluvium sand (ras). o . '

 N-values range from 5 to 20 in the Recent Alluvium sand (ras), from 13 to greater than
50 in the Old Alluvium fines (oaf), and from 8 to greater than 50 in the Old Alluvium sand:
(oas). In particular, the N-values below El.- 8 m in the Old Aliuvium sand (oas) are greater
than 50. The internal friction angle of the Recent Alluvium sand (ras) and the Old Alluvium
sand (oas) are estimated to be 23 to 32, and 29 to 42 degrees respectively; and the uni-axial

-~ compression strength of the Old Alluvium fines (oaf) ranges 2.0 to 4.0 kgf/cm?2,

It is reported that seepage took place around this area resulting in the failores of the
existing dike during the floods in August 1991, October 1992 and March 1994, These failures
are considered 1o be triggered by seepage failure (failure due to piping) of the foundation (the
Recent Alluvium sand (ras)) due to excessive water head difference between the upstream and
the downstream of the dike. R o :

- |- At this site not only the Recent Alluvium sand (ras) but also the Old Alluvium sand
(0as) are relatively high pefvious ( k= ranges from 5x104 to 2x10-2cm/sec ) and susceptible to
piping, whereas the Old Alluvium fines (oaf) is less pervious and not pipable. However, it =
should be noted that the Oid Alluvium fines varies in thickness from 2 m to 6 m and may
possibly discontinue at several places below the resent river bed due to erosion. -

-3.3.3 Proposed National Road No.3 Dike Site

. This site is underiain by the Oid Alluvium fines (oaf) and sand (oas); and the Recent
Alluvium sand (ras). The Oid Alluvium fines (oaf) is less pervious (k = ranges from 4 x 106
to 8 x 10-% cm/sec ) and both sand-Jayer of the Old Alluvium (oas) and the Recent Alluvinm
(ras) are highly pervious (k = ranges from 2x104 to 2x10-2 cm/sec). The high-pervious layers
are continuos. from the upstream to downstream under the proposed embankmient and are

- considered to be susceptible to piping which could lead to a failure when the water level
increases. - - - S ' '



3.4  Recommendation for Foundation Treatment
3.4.1 Recommendation Against Underground Seepage Failure

High permeable sand layers: (ras) and (0as) which underlie the proposed embankment
and Kompong Tuol Regulator are susceptible to piping as explained above

Ag shown in the Sectton E of Figure 1I1-5, the sand layer (ras) on which a part of the
existing dike is founded decreases its thickness at and around the downstream toe of the dike..
Hence it is considered that the past failures were caused partially because that hydraulic
gradient and velocity of seepage at this area mlght have been greater than the critical level,
However at the embankment site the less pervious layer -the Old Alluvium fines (oaf),
k=6x10-0 ¢m/sec, thickness = 3-5'm- is available between the Recent Alluvium sand (ras) and
the Old Alluvium sand (0as), and this layer can be considered to be the bottom of the Recent
A]luvmm sand (ras) that is subject to piping at the embankment s1te :

On the other hand, at the proposed Kompong Tuol Regulator site, the less pervious Old
Alluvium fines (oaf) is not thick enough (2 m approx1mately) and lrkely to discontinue at
several place below the riverbed. _

Taking into consideration the above geological condltlons the followmg counter
measures against the seepage failure are recommended:

“a. At the-'emban_kment site, cut-off works such as a row or two of sheet pile should
be installed in the Recent Alluvium sand (ras) to the Old Alluvium sand (oas)
between the existing Kompong Tuol gate and the borehole BH-1 approx1mately

b. Atthe proposed Kompong Tuol Regulator site (between the tow boreholes, BH- 1
.- and -2) and Tuk Thla Regulator site, the similar type of cut-off works should be
installed to required depths. The required depth shall be determined with the -
empirical theory of creep ratio as this is an issue of seepage failure along the
boundary of a concrete structure and its soil foundation. As alternative cut off
works, grouting or blanket in the reservoir can be considered. However, grouting
will not be effective in unconsolidated materials and large scale blanketing in the -
reservoir will not be practical, though small scale blanket could be 1mplemented
together with installation one or two of sheet-pile (Appendix HI-1).

c. At the right abutment of the Kompong Tuol -regulator (Takeo side), the fine
: grained soil(ras) that overlie the surface area of both the inside and outside of the
dike will act as a natural blanket. Hence seepage failure is unhkely to. occur

_ although small scale of seepage might occur ( Appendix II1-2).

3.4.2 Consolidation’

The Resent Alluvium fine-grained soil ({raf), see Figure III-5)) overlies the Recent
Alluvium sand (ras) with a thickness less than 2 m; shows N-values less than 1; and is subject
to consolidation. As this material is distributed only at the surface area, it is recommended that
the Recent Alluvium fine-grained soil (raf) should be removed. - :

The Recent Alluvmm sand (ras) may be sub]ect to 1mmed1ate settlement but not to
consolidation. . - :

Both of the Old Alluvium fine- ~grained soil (oaf) and sand (oas) are not subject to e1ther
consoltdauon or immediate settlement



4.1
4.1.1

4. | . EMBANKMENT MATERIALS

Investigation of Embankment Materials
Investigation Approach .

Embankment material is obtained normaily from borrows close to the embankment site

from an economical peint of view. In this investigation a study was first carried out for the
fine-grained soils (yaf) that is available near the site and were utilized for the existing dike.

“The dike consisting of the fine- gramed soils (yas), however, has failed several times

and one of the causes of the failures is due to the following posmbie unsuitability of the fine-
grained soil (yaf) as an embankment material.

poorly-graded and low plast1c1ty resultmg in low resisitant property against seepage
failure, :

very fow shear strength when fsaturated_, .
high dispersion of the particles,

~containing a clay material't_hat swells when saturated, resulting in an occurrence of

cracks on embankment when dry.

However the fine-grained soil avaﬂable near the site could be improved in its property

by bemg mixed with elther the gravels (Talus(a)) or the laterites avallable ata dlstance

In order to examine these points, a sefies of laboratory testing was carried out in

accordance with the working flow shown in Fig I11-7.

4.1.2

vi)

vii}

Tested Items and Their Methodology -

The tested items and their methodology are as follows; '

Specific gravity R ASTM D854-92
Gradation analysis ' ' ' S ASTM D422-63
Moisture content of soil . - IR ASTM D2216-92
Compaction test - : o : "~ ASTM D698-91 procedure C
Consolidated, undraind compressive strength of o ' _
cohesive soﬂs in triaxial compressmn ! S - ASTM D2850
‘Laboratory permeability test~ = S - USBRE-13

Dlsperswe charactenstlcs of clay SOll by double hydrometer ' ASTM D4221-91

Grain size analyms of the ﬁne gramed soil was camed out by a hydro meter where
: samples were mechanically agitated with and without chemical dispersants, thereafter a

E “pair of samples (with and without chemlcal dls;)ersants) were compa:ed on passmg

percentage of 0. OOSmm

| % passmg 0. OOSmm(no mechamcal agltatlon nor chermca] '
dlspersmg agents are used)

. % = Degree of. dlspersmn S e e i '
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% passing 0. OOSmm(mechamcaI agltatlon and chemical
" dispersing agents are used)
% = Degree of dispersion =\{(% passing 0.005mm(no mechanical agitation nor
chemical dispersing agents are used, % passing O. OOSmm(mechamcal agitatmn and
chemical dispersing agents are used)

Classification of dispersion is as follows:

~ Range " Classification

033% Non-dispersion
34-67% - Moderately dispersion
68-100% Highly dispersion :

viii) Classification of dispersion by chcnucai analysis

Dispersive soil can be classified by a chemical index that is percemage of dissolved
sodium versus total dissolved salts in-a soil sample. Dispersive soils normally show
high percentage of dissolved sodium. Evaluation of dispersive soil is expressed as
percentage of exchdngeable sodium (ESP) versus the total dissolved salts as given

below. _
ESP  7-10 ‘Moderate dispersion
ESP greater than 15 Serious dispersion

ix) X-ray diffraction analysis

Some of clay minerals such as Smectite swell by absorbing water, which causes trouble '
to embankmenis. X-ray d1ffract10n analy31s was carried out to 1dent1fy such clay
minerals, '

4,1.3 Assessment Method of Desirable Embankment Materials

(1) Assessment by physical property -The Earth ‘V[anual (USBR Table III 5) & Sherad
(1966; Table 111 6)

Requirements for desirable dlkL embankment matenals are as follows

High density and mechanical strength after compaction,

Low permeability , -
No compressible deformation and swelling deformation,
Good workability, especially easy compaction,

Stable siop of the embankment even if saturated, |

No occurrence of cracks on embankment when dry.

No organic components in the maierials,

Fo ot e RO TP

No high dispersion particles in the materials,
Physical property of thc_materiéls sat_iséﬁcd_fébovr::-st'at.ed re(iuirenlenté are as follows.

a. | Weil—grained materials,
b. Maximum size is 15em
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c. Weight percentage of fine-grained soil (under 0.075mm) versus all earth materials
(under 75mm) should be bigger than 15 %. '

d. Weight percentage of fine-grained soil (under 0.075mm) versus ali earth materials
(under 75mm) should be smaller than 50 % : '

" From the above points of view, the Earth Manual (US Department of Interior Bureau of
Reclamation) presents a table 'Relative Desirability' for embankment materials.

(2) Assessment by Laboratory compaction, triaxial compression (CD) and permeability test

Mechanical and permeability property of the materials were evaluat_éd based on the tests
results. C : : : -

(3) Assessment by dispersion and swelling

Dispefsion property and ‘Swellin'g pro;iény were invést'i'gated by the double hydrometer -
test and chemical analysis; and by x-ray diffraction analysis, respectively. '

4.2 Sampling Location and Estimated Quantity of Available Materials

Location of sampling and test pits is shown in Figure-III;4 and Figure-IiI-6. Test pit
logs are shown in Figure-HI-12. - . ' :

The fines with some sand (yaf) of the Young Alluvium can be excavated to 3 m below
the ground surface in the north area of sampling point SP-3. On the other hand this material
can only be excavated to 1.5.m below the ground surface near test pit TP-8 and TP-9, sampling
point SP-4 and SP-2, Estimated quantity of this material available is 150,000 cubic meters
approximately. : ' o o ‘ ' o

The gravel with some fines of the Talus-(a) originated from the Quartzite is available at
the existing borrow area of Phnum Chong Stoek 24km along the road from Kompong Tuol
(see Figure-111-6, SP-1). The thickness of this layer is more than 4 m and approximately
© 100,000 cubic meters is-estimated to be available at this site.. - S :

Laterite is availéble in the following four sites (see Figure HI-6).

“a.  Around Ph Day Cra Home 18 km - 24 km along the road from Kompong Tuol,
where laterite underlies widely but as spots with a thickness of 20 cm
- approximately, Fine-grained soil is underlying beneath laterite. The area around
sampling point SP-9 is an existing borrow area. However, estimated quantity is

* 10,000 cubic meters only.

b. . Around Ph Prinh west of the project site, 30km along the road from Kompong
_ Tuol, The thickness was confirmed to range from GL-0.1 to 1.2 m by hand-auger

" investigation. Fine-grained soil is underlying beneath laterite. Approximately -
50,000 cubic meter of laterite is estimated to be available in this area.’

- ¢. - Around Ph Con.Don Pha Cum west of the project site, 28 km along the road from
" Kompong Tuol ,The thickness was confirmed to range from GL-0.1 t0 0.8 m by
. hand-auger investigation . Fine-grained soil is underlying beneath laterite(

"~ sampling point SP-17) . Approximately 100,000 cubic meter of laterite is estimated

.. to be available in this area, =~ R s :
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d. The east area of Phoum Toma Pongi10 km from the national road No.4: 40 km
along the national road No.3 and 4 from Kompong (Around sampling point SP-6
in Figure-111-6). This site is an existing borrow area for construction. Although
investigation was not carried out ,the thickness and the quantity is visually
estimated 1o be more than 1m and 10, 000 cubic meters apprommately

e. The west slop of Phnum Vaset (Around sampling point- SP-5_in

- - Figure-J11-6).58 km along the road from Kompong Tuol. Although investigation
was not carried out, thickness and the quantity of laterite is visually estimated to be
more than 1m and 20,000 cubic meters.

4.3 Physical Property of the Embankment Materials

Results of physical property tests is shown in Table-III-7, and gfam size accumulation
curves of embankment materials are shown in Figure-111-5. The summary of the test is as
follows.

(1) The fine- -grained soil of Young Alluvwm (yaf) around Kompong Tuol (SP-2 -3 -4,-7,-
16 and -18 )

~ This fine-grained soil is poorly graded .éontammg 82 - 93% of fines (ﬁnder 0.075 mm)
with few gravels; and generally low plastic showing liquid limits 38-44% and plastxc limits
 19-23% (SP-2,-3, and-4).

On the other hand the sample from SP-7 is highly plasuc showing lhe llquld limit 62%
and the plastlc limit 23 % .

(2)  The sands of Young Alluvium (yas) around Kompong Tuol (SP-6).

ThlS material is well graded containing 52 % of fines {under 0. 075 mm) and 14% of

gravels (over 4.75 mm), and is low plastic showmg the fiquid limit 22% and the plastic ]lmlt
15%. _

(3)  The gravels at Phnum Chong Stoek (SP- 0

ThlS material is well graded containing 43% of gravels (over 475 mm) and 13 % of
fines (under 0.075 mm).

4) Laterlte (SP 5 -8 and 9)

; This material is well graded contammg 12 17% of ﬁnes (under 0.075 mm), 33-55%
of sands (between 0.075 mm and 4.75 mm) and 30 - 50 % of gravels (ovcr 4,75 mm)

4.4 Results of Compattlon Test

The test was carried out after ASTM D698 and the results (Mmslure contents and Dry.
Density curves) were shown in Flgure T11-10. The summary of the test 1s as follow:

a. The maximum dry densuy of the fines sampled from SP 2 3 4 and the sands
- with fines (SP-6) ranges from 1.52 to 1.73 t/m3, 1,93 t/m3 respectively. It is
observed that the maximum dry density is greater and opumum moisture content be-
smaller as sand content is greater (Figure II1- -10(1)). -

b. The maximum dry densuy of the gravels and laterite (SP-1,-5 and 8) ranges from _
' 2 05102 08 1/m3 (Flgure I11-10 (2)). '
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Two (2) tests were carried out for mixed samples of gravels (SP-1) and fines (8P- -
3). The maximum dry density and optimum moisture contents of the mixed
samples vary according to mix proportion. As contents of gravels is greater, the
maximum dry density is greater and the optimumn moisture contents is smaller
(Figure 111-10(3)). : .

Three (3) tests were carried oui for mixed materials of laterite (SP-9) and fines
(SP-3). As contents of the laterite are greater, the maximum dry density is greater
and the optimum moisture content is smaller (Figure IT1-10 (4)).

4.5 Result of Triaxial Compression Test

- Triaxial compression tests (CU) were carried out for the compacted materials (yaf,
laterite, and mixed materials) and results were shown in Tabie III-8. '

The summary of the test is as follows.

a.

Fine—grained soil near the new dike site(SP—B): Cohesion is 75KPa (approx.
0.74kgf/cm?2), and Internal friction angle is 15 degrees. ' :

Laterite (SP-5,8P-8,SP-9): Effective cohesion ranges from 30 to 85 KPa (approx.
29-83kgf/cm?. Internal friction angle ranges from 20 to 34 degree.

Two(2) tests were carried out for mixed materials of gravels (SP-1) and fines
(SP-3). Internal friction angles of the mixed materials were 27 and 22 degrees for
the sample of mix proportion 5:5 (SP-1:SP-3) and 3:7 respectively. The effective '
cohesions are 30 KPa (SP-1:5P-3=5:5) and 20 KPa (SP-1:5P-3=3.7) which are
smaller than the SP-3 material. The greater the gravels contents are in the mixed
materials, the larger the internal friction angle is. : :

“Three(3) tests were carried out for mixed materials of laterite (SP-9) and fine- -

grained soil (SP-3). The greater laterite contents is in the mixed materials,the larger

~ the effective cohesion and internal friction angle are.- :

4.6 - Result of Laboratory Permeability Test

_ Permeability tests were carried out for compacted materials after USBR E-13, and
" results are shown in Table 111-8. The summary of the test is as follows.

a.
b.

The permeabilify of the fines sampled from SP-3 is 2.2x10-7 cm/sec.

The permeability of the laterite sampled from SP-5, SP-8 and SP-9 ranges from
3.3x10°6 to 6.3x 104 cm/sec. S : B :

. Permeability of the mixed samplés_ of _gra?els.(SP—l_) and fines (SP-3) ranges from

8.2x10°6 10 4.3x10°6 cm/sec for the samples with mix-proportion of (SP-1:SP-3) |

=5:5and _(SP,_—l-:S_P~3_)f—-3:7-re_spe_ctively.' .

Permeability of the mixed samples of laterite (SP-9) and the firies (SP-3) with mix-
proportion of: (SP-9:SP-3) = 7:3, 5:5, and 3:7 was 2.6x10-5, 1.7x10-5 and
6.5x10-6 respectively. As the contents of the laterite is greater, the permeability is
larger..- .- - o L DT UE PR
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4.7 Result of Classification of Dispersion Test

Tests for dispersive characteristics of clay soils by the double hydrometer after ASTM
D4221-91 and by the chemical analysis were carried out and the results were shown in Table
I1I-8. The summary of the test is as follow:

a. me—gramed so1l near new dike site: Degree of dispersion of the soils sampled
from SP-3, -16, and -18 ranges from 76 % to 97 %. The result indicates that the
soils are classified into ‘highly dispersive'. Exchangeable sodium percentage
(ESP) of the 3011 sampled from SP-16 is 20% which indicates that SP-16 is
classified into 'serious dxsperswn '

b. The fine- grained soil at the bottom of Pol-Pot canal approx. 5 km south from Ph
Kompong Toul: Degree of dispersion of the soils sampled from SP-15 is 96 %
which indicates that the sample is classified into 'hzghly dispersive’. Exchangeable
sodium percentage (ESP) of soil sampled from SP-15 is 3§ % which indicates that
SP-15is classrfred into 'serious d:sperqron

- 4.8 Result of X-ray lefractmn of Clay Minerals

X-ray d1ffracl10n analysrs was carried out for the fme gramed sorl near new dike site.
As small amount of Smectite, which swells when saturated, was identified by the analys1s itis’
cons1dered that crackmg may occur on the embankment when. dry

4.9 Assessment by Physual Property

The Earth Manual presents a table showmg 'Relatwe Desrrablhty of embankment
materials based-on the Unified Soil Classification (see Table III-5). Sherard (1966) also
classified embankment materials into five relative desirable categories based on physical
properties (see Table IT1-6). Based on these information, possible embankment matenals for
this project were evaluated and shown in Table 1I-7.

" Fine- glamed soils near the new. dike site are considered undesirable based on the
criteria of USBR and Sherad. However it will be desirable if those materials are mixed with
coarse- gramed soils such as the laterite or the gravels

Judgmg from the physical property ‘only, the most desirable matenals is the mixture of
the fine -grained soil and either laterite or gravels (Talus (a)} with a mix- proporuon of 37
(fine- gramed soil . laterite, or ﬁne—gramed s011 gravels in wesght)

4.10 As'sessment‘ by Chemieal P'roperty

Based on the result of the double hydrometer test and the chemlcal dtsperswe test, the
fines near newdike site (yaf) are dispersive. Furthermore mixing the fines near new dike site
(yaf) with the laterite does not decrease the dispersion of the fine-grained soil effectively.
Judging from the analysis of exchangeable sodlum drspersmn of the fine- gramed smls is due
to hlgh exchangeable sodrum contents. .

Moreover Smectite that was 1dent1f1ed by the X ray dlffractlon analysrs may cause - -
crackmg on the embankment when dry. :

According to the chemical dlspersrve test, the fine- gramed so11 near new dike site (yaf)
itself is considered undesirable as a dike embankment materldl evell 1f mrxed w1th elther the
: gravels (Talus (a)) or the laterite,

RS IATERE



4.11 Recommendation

From the results of the physical property, the fine-grained material itself is not desirable
for the embankment material though the mixture of the fine-grained material and either the
laterites or the graveles is considered desirable, On the other hand, the mixture is not desirable
according to the dispersion test by double hydrometer. Therefore neither the fine-grained
material alone nor the mixture with the laterite or the gravels can be used for the embankment
materials. ' '

In. the progress report (II) (August 1994), it was recommended that cmbankment
should be covered with the compacted laterite so that erosion by surface water can be avoided.
‘However permeability of the compacted laterite is revealed to do not so small as expected.
Therefore, covering with the compacted laterite will not sufficiently improve the stability of the
dike if the dike is constructed with the fine-grained soil.

To cope with the above investigation results the following two alternatives are
recommended: ' o '

a. Dispersion due to high sodium conients may be decreased by adding
Hydrate lime (Ca (OH)2), Alum (KAl3 (SO4)2 (OH)g) or Gypsum (CaSOQ4-2H20)
in the dispersive soil. Hence the fine-grained soil near the new dike may be utilized
after mixed with these additives. ' :

b. . Large quantity of laterite is available around Ph Prinh and Ph.Con Don Pha Cum,
from 28 km to 30 km along the road from Ph Kompong. The thickness of the
laterite ranges from 70cm to 110cm, and a fine-grained soil layer underlies the
laterite. According to the observation of this fine-grained soil soaked in distilied

~ water, the fine-grained soil is considered non dispersive. Therefore mixed
materials. of the fine-grained soil and the laterite with a mix-proportion of
3:7 (fines: laterite) may be desirable in view of mechanical property, resistance -
against leakage and dispersion. ; _
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Fable III-2 Result of Permeability Test

discription of

coeficient of

geology and soil - bgée hole depth soil classification | permeability
classification . ' : (qm/ sec)
BH-1} 2.0~ 2.8m | fine to mediun sand 3.6x107°
BH~11 50— 5.5m | coares sand with some silt| 5.2x10"*
RECENT ALLVIUM BH-2 | 3.0— 3.5m éla_yey fine sand. | (2.5%107%)
éands BH—-2 | 50— .5.-5m medi_ﬁm to coarse sand 2.0%1072
(ras) BI—3 | 50— 3,50 |01 0 coarse sand with | 54, 15
BH—5 | 5.0— 5.5m |silty fine sand 2.0x107*
BI—G | 55— 6.0m | 2C00R to coarse sand with |y 1405 B
. the g’éometric nean 1.7x1073
BH—1] 80— 88m |sandy silt 9.7%x10°¢
BH-2| 80— 9.0m |silt 5.5x1€j"6
OLD ALLUVIUN BH-3 | 5.0— 55m |silt 3.9x107°
fine-grained soil .BH— 3| 8.0~ 85m|silt 4,0X107°
(oaf) .BH“-5 8.0— _Q;Um silt 4.4X107°
| BH~6 | 80~ 9.0m |silt EADI I
the geometric mean |. ' 7 b .5_><10_'6 :
BH—1 | 9.0~10.0m | fine sand L 1x10°?
BH-2 | 9.5-10.5m | fine sand £8%10
OLD ALLUVIUH BH—-2 1_4..0—15..01&1 fine to mediuni'sand 2,6x10°?
_sands | BH-3 11.0—12.031 fine to medium sand 3.8%107%-
(.c_: as) BH—-3 |14.0—15.0m | fine sand with,s.om_e silt | 1.6x1072 |
B_H—.5: 10.5—1L 5m fine sand with some §ilt | 1;.{}}( 1072 :
BH—6 |12.9-13.5m | fine sand | LixioE
BH—' 6 | 14. 0—15. []qi mediur.ﬁ to cbarse sand 1.-:1><_1{3"2 '
 the geometric mean

5.6x1077

T2
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Table III.5 Relative Desirability for Embankment Materials

EARTH MANUAL :
(U.S. DEPARTMENT OF INTERIOR BUREAU OF RECLAMATION)

Unified Soil Classification Relative DESIRABILITY for
Group Symbols _ Homogeneous Embankment
o T —
- GP o -
GM _ C2
GC = . . !
W | -
sP | | -
| SM : ' 4
sc _ : i
ML . o o 6
ct. | s
o | | 8
‘MH | g
cu | 7
oH | S0
PT -

No. 1 is considered the best.



Table I1I-6 Relative Desirability for Resistance Agéinst Leakage

(Woodword, Clyde, Sherard and Associates."A Study of Influence of the Earthquake Hazard on
the Dcslgn of Embankment Dams, California Department of Water Researches, 1966. 6. )

Relative Desirability
against Leakage

Physical Properly of Embankment Materials

Very good maierials

Weil-grained coarse materials mixed gravels, sands and fines.
Dgs is over 2 ¢in, Dsy is under 1/4 cm.

If fines is non plastic, fines (under 0.075 min) is approx. 20 %.

Good materials

(0

2

Weli~grained materials, gravels, sands, clayey fines.
Dgs is.over | em. Fines is inorganic c]ay plasticity index is-
greater than 12.

Plaslic clay, plasticity index is greater than 20 %.

Slightty good materials

M

@

Siightly well-grained materials. Dgs is over 3/4 cm, Dsg is

intermediate from 0.5 mm to 3.0 mm. Fines (under 0.075 mm)
is approx. 25 %.

Moderate plastic clay, plasticity index in greater than 25 %.

‘Worse materials

(O

L.ow plastic clay, with no corse- .grains (CL, CL-ML).
Plasticity index is mtcrmedlatc from S to 8, liquid limit is greater

. than 25.

(2)

(&)

Modcralc to high pldsm, silt, plastlcny index is greater than 10
(ML, MH).

Mcdlum sand (from .42 mm to 2 00 mm) w1lh some non
plastic fines.

Very worse materials

n

(2

Unformed fine sands with some non plastic siit, Dgs is smaller
than 0.3 mm. ' '

Moderate to non plastlc silt (ML), plasucuy index is less than
10, .
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