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Appendix A : Geological Investigation

INTRODUCTION

Area of the Dong Nai No. 3 and No. 4 Combined Hydropower Project (hereinafter

referred o as “the Project”) is located at around 11°52’ northern latitude and 107°55°

castern longitude, and the middle reaches of the Dong Nai river, covering two provinces

of Lam Dong on the left bank and Dak Lak on the right bank.

The project area is located at about 250 kilometers northeast of Ho Chi Minh City and 40
kilometers southeast of Gia Nghia town. It is acce'ssib'_lo from Ho Chi Minh Cily to the
projecl site through the three national highways, No.3-No.4 and No.28. The national
highway No.28 runs along the middle reach of the Dong Nai river in the vicinily of the
project area, which connccts the Gia Nghia town and entrance points of paths linking to -
the Dong Nai No. 3 and Dong Nai No. 4 dam sites. There is also a 80 kitometer

‘provincial road, which connects the Bao Loc City and the left bank of Dong Nai No4 site.

The previous geologic inveﬁ;li-gat'ion on Dong Nai No. 4 site was performed by the Power _
Engineering Consufting Company No.1 (PECC 1) in 1991-1993 and on Dong Nai No. 3

- site by the Power Engineering Consulting Company No.2 (PECC 2) in 1997-1998. The

flem and quantitics arc shown as follows

o Core Drilling Permeability Test Laboratory Test
Sitt ' QHole |[Total . [Lugeon | Pouring { Soil |Rock |Sand | Water
L o length{m) Jtest . §tesi : :
DongNaiNo.3 | - - 5 31351 23 42 41 17 5 10
Doog Nai No. 4 52 2018.9 177 1077 ] 248 156 301

The: latesl gcologlcal mvesugahon for the Feasibility ‘iludy on the Dong Nai No. 3 and
No. 4 Combined Hydropower Project has been performed by PECC 2 bascd on the
specifications and supervision of the JICA Sludy Team (rom June to Scplcmbcr 1999, for
the uems and quanlllles as mentioned below: :

' (1) Corc dnllmg at 25 Iocauons and for the lotal lenglh of 1,550 metres,
'(2) Standard penetrat:on test for 129 times in 19 borcholes, -

g (3) Lugeon test for water secpagc in bcd_rock al 147 siages in 12 boreholes,
.(.4) Perméabilily icsl in uncemcmed dcp'os..il. al 16 levels in 8 boreholes

(5) Scismic refracuon prospeclmg with 11 prospcclmg lincs for the total lcngth of
15 000 melres,

- (6) Tesl plttmg by BVN at 23 locations and for lhe total dcplh of 97 melres in carlh ;
borrow areas,

. ALt



(7) Laboralory tests of the carth ecmbankment material for 38 samplcs, iaboratory
tests of the rock material for 40 samples and laboratory tests of the finc
aggregate for concrete for 6 samples. '

Detailed quan'liiies of the geologicai investigation are shown in Tables A3-1 to A3-3.
. Locations of the core drilling and the seismic refraction lines are shown in Figures A3.1
and A3.2. ' -




 REGIONAL GEOLOGY

liegional Geological Setting

~ From the lectonic point of view, the land of Victnam is largely divided into two parts by

the Red River that develops in the dircction from northwest to southeast along a major
fault zone. 'The Red River Fault is a sort of transform fault between a couple of plates
with different movement, that is, the South China plale on the north side and the
Indochina plate on the south. Major part of Vietnam is situated on the lndochma pla!c

- and teclonrcally sub- drvrded into afew blocks

' Geology of Vrelnam covers from Arehaean (of Pre—Cambnan era) to Quatemary '111e

arca soulh of the Red River and north of Qui Nhon is charaterised by Palaeozoic fold
system with axes of norlhwest-soulheast trend.

* Tay Nguyen, or the Central Highland, in the central to southem part of Vrelnam forms the
* core of Indosinian Conlment named Indochina Platform, that was built in Mesozoic,
) developed and stabilised 1ill the recent age. In the northern pari of the Indochina
' Platform develops an up-lifted Kon Tum Massif where the Pre-Cambrian mehmorphrc
~ and igneous rocks, the oldest in Vietnam, are exposed. Da Lat Zonge, southwest of the
Ken Tum Massrf and a part of the lndochlna Platform, is an arca of Mesozoic tectonic

movement marme scdiment and granite mtrusron and Plio- Plelsloeene ef fusion of basalt

L ﬂow

- The Da Lat Zone, where the Dong Nar Pro;ect is located is composed malnly of the
.Jurassrc sandstone, silistone and shale with gramle or granodrome Masses, covered

widely with basalt flow. The Dong Nai Rwer flows through the hll]S of Mesozoic

‘ sedrmenls belween Da Lat and Ho Chi Mlnh Crty

o ;)._.Mam bedrock of the upper Dong Nal arca rs Lower to Mrddle Jurnssrc sediment of La

Nga Forrnauon which consists of light or dark grey shale srltslone and sandstone, partly
altered (o hotnfels or quarlate The La Nga Formauon is reported to have (otal
thickness of 700 to 800 metres in Gia Nghra along the highway No.28. In sprte of faults
and folds, the strike of the beds shows almost constantly around N45°E. Intrusive

, granodronte is located in paris as shown in Table A2, 1

Plio- Plelstocene Tuc Trung basalt llow is wrde-spread over the ground surface at altitude
of 6(}0 melres or higher and uneonformably covers the La Nga Formation. The basalt

flow makes flat surfaces of plateau al elevation 550 melres to 800 metres and separated

: by dlssecuon of valleys

. .Teclonrc activity in Vretnam has for lhe mosl part comp]eted before the Quaternary age,
- except in the Red Rwer fault zone in the furthest northern part of the couniry. ‘The land
' " of the Indochina Platform is generally stabrllsed and has only a few earlhquakes on its
- rnarglnas shown in Frgures A2land A22. : :



A22

Geological Structure

According to the leclonic'map compiled by the Institute of Geophysics of Vietnam, the
project area is situated in the western part of the Dalat magma-iectonic activation zone,

‘which is bounded by the KonTum uplift in the north and major faults of Rach Gia- -Tuy
~ Hoa, Nha Trang-Tanh Linh, Ca Na- Duc Trong and Phan Thict in the northwest, the south,

the east and the southwest, respectively. The major faults have been formed by the
tecionic movements in Mesozoic to Tertiary ages, and show main oncnlahons of the
northeast-to-southwest and the north-south trends. Smatler faults in Degree 111 of the
norihwest-to-southeast trend are also frequenl as shown in Fxgure A2 1 :

The rcglonal geological map shows the major raulls of chree II in the Pro_lcct area

" developing in two main directions of nmlheasl—southwest and north south.

Onented in the nonheast southwest dxreclmn are two major l‘aulls named Rach G:a Tuy
Hoa and Ta Lai — Dak Mo Rung. The Rach Gia — Tuy Hoa Fault is ]ocatcd in the west -

and downslream of lhe Dong Nai No. 4 powerhouse, stretching over 300 krn of length,
with lhe slipping surface plunglng northwest and indicating a nghl slip tcndency The

. Ta Lai -- Dak Mo Rung Fault develops across the Dong Nai No. 3 reservoir. It is the

normal fault and plungcs southcast with lhe norlh\veslcm hanglng wali and the

: somhcaslem footwall

A ‘major fault of the nonh soulh lrend isa Dak Nong T anh Llnh Faull developmg across

lhc Dong Nal \Io 3 hcadracc tunnel. It was confnmed by Nguyen Dinh Xuyen (1997)
to divide two geological blocks of the eastern hangmg wall and the western footwall

~This fault has the vertical slipping surface, -

© . The minor faulls 0[ northwcsl—soulheasl trend are reponed to have vcrllcal sllppmg

surfaces.

The tectonic slructurcs as shown in Flgurc A21 wcrc classu“icd in accordancc with
Victnamese standard relating to lhc degree of faulung,, shearing and fraclurmg ‘and to the

" length and width of the shear zone and mﬂuence ,'mne Defmmon of lhc classification is

shown in the followmg lahle

. Feature - Dégrcc ' ShearZone : Exiento[ R
. : ] D, Spacing
o o Pength | Wign | iwenceZone | T
| Maior fault | u {30350km {10-100m | - Huodredsmeters
 Fault oo fomi 13:30km - {1-10 m_ 10.100m . | 1S5km
. ' IV_ 1033k 100-1m 3-30m " ° ]02-3km
Fractures andjoints | V. __ 30"500 m 3-100 mn 03 3m_ 11030 mm
' e VL_|1030m - {3-30mm_{3-30em " 13-10m

viL _1<10m___ 05 im 1 i1-3em - 1033m
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A3l

Geological Investigation

General

- Geological investigation for the feasibility study of the Dong Nai No.3 and No.4

Combined Hydropower Pro;ccl has been performed during the pcnod from June to
October 1999.

~ Geological e_ind géolechnical conditions of the projecl sites for both the Dong Nai No.3

and the Dong Nai No.4 were studied by means of the core drilling with the standard
penetration test and the borchole permeability test, the seismic refraction prospecting, the
test plumg and the laboralory test. :

'_I.ocauons of {hc core dnllmg and the seismic rcfracllon prospectmg are shown in Flgurcs
A3.1 and A3.2. Quantities of the investigations by the seismie prospecting, the drilling
~ and the test pits for cach sile are summarised in the following llsl and de{allcd in Tablcs

A3.l1o A3.3:
Arca Core drilling | SPTY | CHT? | Lu¥ | SeismicR.¥ Test Pitting
: Holes{ Length | Points | Stage . Lines | Length | pits § Lenglh
Dong Nai No. 3 : : _ o
Dam site 6 460 46 8 73 1 - 900
Headraccwnnel¥ | 2| 80| 34| | 2| 8500
Penstock & 3{ 170] 16 ' 1] 700
Quarry 3| 150 1) oo ]
Soil borfow ] - R 13 47
Subfotal 14 860 9%{ 8§ 3 - 51 134,100 131 47
Dong Nai No. 4 . . . L :
Dam site o 6 460 21 8 74 1] . 600
Headrace wnnel¥ | 2| - 80 12 1 2 1400
Penstock & 1 © 900
Quary | 3] 1s0] 2| 1000 T
Soil borrow - - : . : ' o 10 - 50
Subtotal -~ | 1] sl 331 8] 7] 6] 390 10 50
. Total 25 ],550 129 161 147 118 15,000 231 - 97

1: SP’I‘- The slaudard penctrallon test |
‘2: Lu= Lugeon Test in bedrock

3: CHT= Constant Head Tesl i in unccmenlt‘d dcpos:t
4: Selsmlc R = The scismic rcfrachon prospeclmg _

X lududmg the Intake site .
6 lncludmg the surge taok and powerhouse site
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A32.1

A322

Scismic Refraction Prospecting
Profile Line Arrangement

Following the investigalion plan, scismic 'tcfraclion prospecting lines were arranged as
shown in Figures A3.1 and A3.2. The total Icnglh is 15,000 mectres as shown in Table
Al.l

The seismic refraction prospecting was conducted with digilal instrument, Modei
Strataview —24 made in U.S.A including the following apparatus, tools and materials:

- Oscrllograph Ampllflcr-Rccorder Model Slratavrew 24 24 channels lset :

- rDclcclor (Gcephonc) 14 Hz o s 7:30 pes.
. Land cable e o o . idrolls

- Blasilngcable - R S - _:.:'3ro]fs
- Telephone ST S iBsels

- High vo]lageblasler SRR RIS * :2nos.

- Tester, battety, battery charger, efc. R o o i1set

. Dynamite . - :500kg
" . Detonator  (Rlectric, instanrancous). R ':600 pcs.
Field Operauon _

F;rslly, ground surl‘ace proflle of every lraverse line was surveyed ata scale of 1/1 000.

~ Shot points and detcctor points were marked with wooden stakes and pegs numbered with

" distance from an end of eachlraverselme

A323

: Arrangemenl of {he shot pomls and the detector pomls was planned for each lme for the
' recordmg work '

In the rccordlng in each spread the shot points were set at 1nlervah of 57 5 melrcs or 115
meircs Twenty-four (24) detectors were arranged at the regular interval of 5 m for each

' spread on the prospeclmg traverse lines in the dam sites, the intake sites and the penstock
o powerhouse sites.  For the headrace tunnel route, the delcclors were arranged at 10
' metre intervals to make cach 230 m tong spread The shot points and the deleclor pomls

were moved spread by spread to give complete coverage over the prospeclmg traverse

- fines. A few shot points and a detcclor pomt were shared by two adjacen! sprcads to

keep a cotinuity in the records

Time- Drs{ance Plol and Pro[lle lnlerprelauon -

Travel-time of lhe seismic wave (the primary wave) was read l'rorn recording paper to the
accuracy of 11, 000 sccond, and ploticd on the time-distance graph with scale of 1
centimetre for 10 metres on the axis of abscrssa and of 1 centimetre for 10 milliseconds
on the axis of ordinate. - From this time-distance rclallon, the proflle of velocny layers'

- was. dcduccd by the mlcm(:pl-tlme melhod The time-distance curves and the profile




ﬁgﬁﬂa

A33
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A332

A34.1

interpretations are compiled in Geologicat Data 3 of Attachment io this Appendix A.

Core I')rilling'
Hole Location and Lenglh

Core drilling was performed at 25 locations and for the total lenglh of 1, 550 metres. The
drilling holes are listed in Table A3 2 with the drilled lenglh the number of scctions of

~ the filed permeablhty test and thc number of the siandard penctration test in the
_boreholes ' : : T

'Dnllmg Operalmn o

~ The core dnllmg was camed out by moblllsmg eleven hydraulic -feed rolary lype dnlllng
rigs (Model XJ 100, CKB- 4 3UB-150) and with a double-tube core barrel.

Recovered core sqmplcs were ananged in a core box in ordcr and storcd in the warchouse
of PECC2. ' -

Dnll logs have been prcpared and are altached in this Appendnx A.

In the drill Iog, RQD means the Rock Quality Dcsngnauon that represents c'onlinuily ol‘ :

the dnllmg core samples.  Since the core was c‘cammed for every meter length, the RQD

 was calculated by the tollowmg formuta: '

RQD IQleenglhnLeomanngeuhanm;ml x 100%
. 160 cm - ' .

E F]eld Permeab:hly Test

In- suu permeablllly was delermmed hy the open- -end plpe tesl for loose and/or soft

formation composed of soil or intensively weathered rock, and by the w ater pressure test

or Lugeon test for well cemenled rock in which a rubber packer could be set lightly.

Open-End Pipe_'l‘esling Melhod_', o

This fest was made lhretign lhe open end of casing pipe which had been sunk fo the

. bottom of borehole at the testing depth.  Before commencement of the fest, the inside of

. casing pipe was cleared of sand and rock fragments to the bottom and then the test was

o begun by adding elean waler into the hole to maintain a constant head. Measurement of
~ the constant head, the constant rate of flow into the hole, size of the casing pipe, and

: elevatmn at the top and the bouom of the casing were recorded. The permeabilily was

g ohlalned from lhe followmg equauon quoled from “Earth Manual” by USBR.

K= _Q)_S.SrH B

Where, k: -Peimenl)ilily (cm/sec)



“Q: Conslant rate of flow into the hole (cm’/sec) to maintain a constant
head, : _

R: Internal radius of the casing (cm), and . : _ %;

H: Differential head of water (cm) o ' ' '

A34.2  Water Pressure Testing Method

The water pressure test or Lugedn test w_frs carricd oul by 5 niclre stage, or {or every 5
metre seclion of the hole. The rubber packer was inserted and installed in the borchole
to seal the section at every 5 meires’ progress of the drilling. Pressurcd waler was
mjecled by a pipe system extending through the packer to the test section. The mjecuon

" rate of water was measured under varied pressures.  The permeabrlrty of the rock was

~ assessed in both terms of Lugcon units and permeability coefficient. One Lugeon unit is '
defined as a flow of 1 litymin per linear-meter of hole al the prcssure of 10 kg/cm and

" close to the permeabllrly coefficicnl of 10- Scm/sec though the precisc correlation
depends upon the dlamclcr of the borehole. The Lugeon umls and the permeahlllly
coclficient were calculalcd by lhc followmg equalmm ' :

= 10Q/LP
 Where, Lu : Lugcon unit, S

- Q :Constant rate of flow into lhc hole (hllmm),

N TR Lengih of test sechon (m), and ' _

P Dl[[erentral waler pressure (kglcmz) ,
P=P (the static pn,ssurc above the test section or above the
gruundwatcr lable) + P2 (the pu mpmg prcssurc) B

Rﬂmgahﬂnmmﬂﬁm

(From the packer testin Eanh manual “ USBR)
. k=Q iogc(Ur)/Zi‘f LH

k Coeff' crem o[ pcrmeabrlrly (cm/sec),
Q Conslant tatc of flow into the hole (cm’/sec)
L :Length of test secuon (cm), -
" H :Differential head of water {cm) A
H= H1 (the head above the centre of lhc fest scclmn or above
* the groundwaler table) + H2 { the pumpmg pressure) and -

Where,

-7 ithe radlusofhole lc.sled

The leslmg prcssure was changed at seven slcps of 1 kgfcm s 4 kg/cm 7kg/cm iO
 kgfem? | 7 kg/cm 4 kgfem® and 1 kglcm in order as measured at the top of lnjecuon e
plpe However, in case that the injection water rate bccame very largc bcyond lhc pump .
capacily, the test was LC&SCd at the attamab]c maxrmum pressure . o
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The records of the test are shown in Geological Data 2 of Atlachment to this Appendix A.

Standard Penctration Tesl (SPT)

SPT has been performed in order (o oblain a record of the resistance of sub-soils to the

- penciration of the Raymond sampler (the split-tube sampler) and to obtain disturbed

samples of the soil for identification purposcs. The test is uscd to evaluate subsurface

- conditions with respect to bearing capacity for foundation design. The penetration

A36

T A37

| A371

resistance is cxpressed as lhe number of blows required to force the sampler by 30cm into
the soil. ' '

After dnlllng Icached to the depih for testing, all culling sludge remaining in the bottom

‘of the hole was removed, and the Raymond sampter connected with drill rod was inserted

to the boitom of the hole, and driven by the initial _IS cm for a pre-knocking by blow of
the standard hammer of 63.5kg in weight on the knocking block attached to the rod.

- The penelrali_on test was then starled, and the number of blows by 75cm drops of the
- 63.5kg heavy drive hammer for penetration of another 30 cm was recorded, that is, the N-

value. The number of the blows were recorded for every 10 cm of penelralron The
SPT was performed in prmcrple at 1 5 m intervals in soil.

- The N-values oblained by SP’I‘ are shown in the dnllrng logs in Geologrcal Data 1 of g
_ Allachmem of lhrs Appendrx A. '

Test Prumg

Test pits were dug at 23 locauons in total in iwo borrow areas for Dong Nai No. 3 and No.
4 dams, where forty soil samplcs were taken and tcsled in laboratory. = Tofal length of the

' prts was 47 melres.

Every test pit was round in lhc horlzonlal section with diameter of 2m.  For each sample
the soil material of 80 kg in weight was taken and half (0.5) krlogmm of the same samplc

was putina polyelhylcnc bag for Ihe test of natural water conlent.’

' Records of the test pils are shown in Geologrcal Data S5of Auachmenl 1o this Appendlx

A,

Laboralory Tosl -

Laboratory Rock Tesl

. The laboratory rock fest was per[ormed on dnllmg core samples l'rom the dam site and
" the quarry sites. Teslcd 1lems are as follows

- Water absorphon and bulk spacrf ic gravuy (ASTM 127)
- Unoonfmcd compressron lest wrlh measuremcnt of Poisson’s rauo (AST M, D2938)

- Supu -sonic wave vclocrly fest



- Soundness tests by sodium sulfate (ASTM C88)
- Chemrcal (alka!r) reactrvrly test (ASTM C289)
~ The resulis of the laboratory rock test are summarized in Table Ab.L.

The unconfined compressive strength was fo be determined by a spe_cimcn with a length-
to-diameter ratio {L/D) of 2 in principle. = Apparent corrrpressiv.c strength measured on a
" core specimen with L/D less than 2 was corrected by the following equation:
| Ca : ' ' :
_ 088+024b/h : .
Where, C: Correcied compressive slrenglh to an equwalem of lhe specimen
' with the LJC propomon of 2, :
Ca: Measured compresswe slrength of the spectmen (ested

B:  Diameter of the tested core sample, and
H: Herghl of Ihe tcsted core sample

A3 7 2 Laboratory Seil Tcst

" The Iaboralory 5011 lest was performed on sorl samples whrch had been oblamed from test
prllrng Test rlems are as follows : '

- Parlrcle size analysrs by sicve & hydromeler (AST M D422)
- quurd lrrml, plastic limil, plastrc mde\r (ASTM D431)

- Specrfrc gravrly of soil (ASTM D854) ‘
- Nalural waler content of soil (ASTM D4959)
_ . Proclor compaclro_n test (ASTM D_698)
| - Permeability test ‘(USBR' ﬁ-li& refer to Earth Mahual)
- Triaxial compression, UU (ASTM D2850)
- Trraxral comprcssron wrlh pore prcssure observatron ( ASTM D4767)

- Drspersrve characlerrslros (ASTM D4221)

The resulls of the laboratory soil test are summanzed in Tablcs Ab2 and Ab. 3, in whrch
the sampling focations and the soil sample numbers arc also shown

A373 Conerele Aggregale Tesl

- For fine concrete aggrcgale sand samp]es were oblarned from lhc Krong Kno Rrvcr and
the Srepok Rrver Tesl items are as follows:

- Sreve analysrs of aggregatcs (ASTM C136) TR . e .
. Specrfre gravlly and water absorpuon (frne) (ASTM C128) . ' ' '
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- Clay lumps and friable particles in aggregate (ASTM C142)
- Soundncss tests by sodium sulfate (ASTM C88)
"- Chemical (alkali) reactivity test (ASTM C289).

The results of the concrete aggregate test are summarized in Table A6.4, in which the
sampling location and the sample numbers are also shown.

Rock Classification by Weathering

Bedrock within the project sile consist of shale, S'mdstone siltstone of the La Nga

- Formalion and basalt of the Tuc Trung Formallon

The rock was classified aeeordmg to the dcgree of wealhermg, and also the strenglh and
' ;omt conditions as follows:

. Bresh rock (Fr)

No visible 31gn of wealhermg is seen except for slight discoloration on major

discontinuity surfaces. The rock i is strong to very strong with unconfined compressive

slrenglh ranges from 60 MPa (600 kgf/em’) fo 120 MPa (1200 kgf/em?). -

- Shghlly weathered rock (SW)

_ All or some paris of the rock may be shghlly dlscolored by weathenng and may be

somewhat weaker exlernally than in ifs fresh condmon

The rock in this classufleauon is charaetcnsed by oxidized ]omls wilh local infilling of

s0me clay gouge. The slrcnglh of rock is medlum to strong

. Moderatcly weathered roek (MW)

_ 'Less than half part of lhc rock mass is decomposed and/or disintegrated to a soil.  Fresh

or discolored rock presents either as discontinuous frameworks or as corestones

- Highly weathered rock (HW) -

More lhan half of the rock is decomposed and/or dlsmtcgrated to a soil. The typical
thickness of MW or HW varies from 1-2m 1o 15-20m. . o

- Completely wcathered rock (CW)

- Completely weathered rock is fully dccomposed and/or d:smtegraled However the soil
has not been transported and 1he onglnal mass structure is still largely remain lnlact

- Overburden depos:ts cons:slmg of

- Re31dual soil or topsoll of clay and clayey sonl conl'umng laterite and rock

A-11



fragments; and

- Alluvial deposits found along the Dong N:u River and its mbuhry

“Residual soils generally cover all of the project area with lhc exceptions of slrcambcds
and local steep slopes
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'_GEOLOGY

- Dong Nai No.3 Scheme

Reservoir

" The catchment area of the Dong Nai No.3 is approximatety 3,600 km? and is surrounded

by steep mountain ranges of about 700 m to 1,000 m in altitude.

The Dong Nai No.3 dam is designed to create an reservoir area of about 54 km? at full
supply lcvel (EL. 590 m). The Dong Nai river in the reservoir arca is not over 100m

wide with rather thin or no tiverbed deposit. It flows meandering but from southeast to

northwest largely uns its dlrcctlon to the west jl.iSl upslream of Ihe Dong Nai No.3 dam

; s1te

Geologlcally, Ihc reservoit area is underlam by sandslone “shale and srllstone of the La
Nga formation. The rocks are weathered from 5 m to 40 m in depth and are covered by

overburden of (opsorl terrace and alluvral deposrl wrlh lhrekness from 3 to 10 metres,

A major faull, named Ta Lai - Dak Mo Rung and three minor faull (degrce lll) run ACross

- the reservorr area. These faull stnke NE-SW or NW-SE and dip 70°-80° cast or west.

Accordmg to the topographle map at a scale of 1: 10 000 neither remarkable slope
collapses or landshde have been obscrved in the reservoir, exccpl for an arca on the right

' bank 500 melres upslream of lhe Dong Nai No.3 dam site.

_ A land of genlle slope at 15 degrees and less l‘rom honzonlal is developed in a 600 metre
- wrde and 700 metre long area upstream of the Dong Nai No.3 dam site. It is located on
- the right bank of the Dong Nai River and more than 500 metres upsiream of the

downstream alternalrve dam site. Landslide was suspeclcd of this arca in the Master

Plan Sludy as was suggested from its topographre feature and colluviat deposrts as usually
seen in land slide areas. In the prevrous studies, however the possrbﬁuy of a landslide

has never been posruvely proved through delarled mves!rgauon

An unusual fealure of lhrs polenllal land slide area is rhal itis blocked at its foot by a low

- ridge slretchmg from the upstream side, forming a sort of barrier against the slide wrth a
“ constricicd outlet to the river.  While there could be some doubl against the
‘ 1nterpretauon of landslide, it is duly conservahve to assume existence of an old land slide.

. Trunks of trecs remammg after a bummg-and euluvatmg operauon by the local
- inhabitants are all straight and vertical in this potentlal land slide area, mdlcahng that the
“land has been stable at least for a few tens oI years. Even if it has once stabilised, the

' balance would be losl and a slide movement might be resumed on the reservoir

rmpoundmg up to the hrgh water level, wh:eh eorrespond% to lhe mlddle herghl of the fand

sllde area.

: Resumpiron of the land slide, however would nof cause any serious trouble upon the
“safely of the reservorr or the dam. Volume of the colluvial deposit entering in the
~ teservoir by the landslide is eshmated at approxrrnalely 10 million cubic metres

(10,000,000 m®) or less. This slrdmg material witl replace only a minor parl of the dead

“waler that has about 70 m of thickness beiween the low water level (EL. 560 m) and the

river bed (El 490 m) in [ronl of the land ';Irdc area. The sliding volume may actually be
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far less because of the said barrier ridge hrndermg the movement.  Slide of the colluvial
deposil on a low-angled sliding surface, if occuis, can be 100 slow to ]eopardrze the safety
of the reservoir and the dam by rapidly rarsmg the water surface or generating high
waves -

ThlS potenlral land slide, therefore, has no srgnrfrcance for the sa[ely of lhe slructurcs

Judging l‘rom the followmg lopographrcal and hydrologrea] condmons 1t can be assumed
that the reservoir area is watertight.

Dam Srtc

The contemplatcd Dong Nai No 3 dam srle is located in ihe mrddle reaches of the Dong

Nai river. The river runs in the east-to-west direction at the dam sile whereas it ﬂows

- from soulh to norlh lrll it iums ata few hundred metres upslream

'_ On lhe profrle along the dam : axis, the wrdlh of lhe valley is aboul 400m at lhe full supply

level (FSL). Both banks on the planned dam axis have steep slopes wrlh angie of 30
10 35° from horr7ontal and are covered by dense vegelalron '

The sersmre rcfracuon prospeclmg was performed on aline S 901 U and lhe core drlllrng _
al six loeatrons from BD 901U to BD 906 U, wrlh penneabrlrly 1csls were conducted . -

' along the dam axrs and its geo]ogrc prol‘lle is shown in Figure A4 1.2,

The core drrllrng shows lhe bedrock of sandslone rnlerbeddmg wrlh shale and srltstone
" which arc overlain by very thick overburden including c0mpletely wealhercd rock.
' Thickness of the overburden consisting of soil and a few soft fragments varics from 15
_ melres to 33.5 melres on the left bank and 3 metres to 11 metres on the rrght bank. ~ As

L _' shown in Figurc A4.1.2, the highly and modera{ely weathered rock (HW-MW) is

encountcrcd at lhe deplh of 18 m to 35 m on the left bank and 3m io 15m on the right

" bank.

Slrghlly weaihered and fresh hard rock of sedrmenlary formalron is exposed on the river

- bed, with the ‘northeast-southwest strike across the river channel and d1ps around 50
degrces southeast or upslrcam '

A fault runs along the river ch’mnel downstream ol lhe darn srte and crosses lhe left

bank of dam site dipping towards the hill. On the order hand, the borchole BD 905U
drilled on the left bank slope exhibits the weak rock fragment ‘and clay gouge at the

' " deplh of 36 to 40 m. The borchale BD 903 U has mtercepred an andesrle dyke -

On the oiher hand the resulis of Lugcon tesls rndrcate ralher hrgh permeabrlrly The
open end static permeabrlriy test of the soil and highly weaihered rock zong shows about

: 15x10 cm/scc in average.

- The fresh or shghlly weathered bed rock in the dam site rs very sound The unr:onfmed
~ compressive strength determined in the laboratory test on fresh core sarhples ranges from

90 MPa to 120 MPa (900-1200 kgf/em’ )

Sersmre relraclron profile indicates that seismic wave velocity in lhe l'resh rock ranges

' from 5.5 km/sec 10 6.0 km/sec. Low velocrly ZONesw that may correspond wrlh faults

'rre found among the freswh rock at pl'rces
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Headrace Tunnel and Intake

Intake of the headrace tunnel is planned at the foot of the hill on the right bank 400 m
upstream of the dam site. ‘The headrace tunnel route initially runs north from south and
then turns west and stretches under the hill slope.  Four major gullies cross the headrace
tunnel route. '

The seismic refraction prospecting was performed on two lines S902U and $903U along
the intake and tunnel. - Two borcholes, BI907U and BI908U were drilled in the intake
arca.  No drlllrng was performed on the headrace tunnel.

The geologte profrles of the rnlake and the headrace tunnel are shown in Frgures A 413

“and Ad.14.
. Core drilling at Bl907U and BIS08U in the intake shows that sandstone and shale of the

o La Nga Formation are covered by very thick overburden except at the foot of hill. The

Adl4

' thrckness of the overburden mcludmg the completely weathered rock varies in these holes

from 24 m to 28 m and moderately weathered rock is reached at the depth of 39 m

: (BI%07U).

Aeeordmg to ‘the surﬁee geologreal observatron and the seismic refraelron profile, the
headrace tunne! will pass through the La Nga sandstone and shale. - “The basalt of Tuc

' Trung Formation overlies the La Nga Formalron unconformably As the seismic profile
indicates, the tunnel alignment will be containcd in the fresh rock zone except near its

portals and in the vicinities of low velocity zones or fault ZONES.

" The sandstone and shale beds observede on outcrops show stnkes of NE SW and dlpS of

60 to 70 degrees NW or SE, reﬂectm g the fold.

No tectonic lines were 1dent1fred in the ficld because of the deep weatherrng and the

'_ dense végetation, except for a few that were indicated by topographrc lineament or by low

velocrty Zones of the seismic prospectmg

Surge Tank Penstock and Powerhouse

~ The surge tank and the penstock wrll be srluated on the hili slope on the nght bank of the

Dong Nal River. The powerhouse is situated at the foot of the slope. There are two
gullies on this slope descendrng south\-. ard at the angle of about 35 degrees.” Ground-

surface is covered by trees '

o The route of the penstoek line was mvestrgated wtlh a scismic re[ractton prospeetmg on

the line 5904U and three boreholes BP909U BP910U and BP 91 1U, as shown in the |

_ 'geologlcal profrle in Frgure A4 L5.

The core dnllrng show sandslone wrth rnter—beddrng shale belng overlain by ralher thick

S overburden The overburden consisting of soil and weak rock fragment has the

' thickness of about 20 mefres around the surge fank and deereasmg downwards gradually

o 3 10 5 melres along the penstock and a few metres in the powerhouse area. . The

- bedrock is moderalely to slightly weathered on the outerops at the powerhouse site and
' alon;, the Dong Nai Rwer The shghlly wcathered roek is encountercd at the depth of ~
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only a few metres near the powerhouse as indicated b)} the core drilling of the hole
BP911U. The borehole BP9OYU crossed an andesite dyke

The core drilling also found highly fraetured rock. 'I'he unconfmed ‘compressive
strength of unit rock specimen, however, ranged from 80 MPa to 110 MPa (800 kgt/em?

1o 1,100 kgf/cm ).

Dong Nai No.4 Scheme
Reservoir

The Dong Nai No 4 dam w11| creale a reservmr w1lh the surface area of about 4 2 km? at
the full supply level of elevallon 440 melres, whlch is surrounded by mountam rangcs of
elevation 500 melres to 800 meires. : : '

The Dong Nai Rwer within the proposcd TCSErvoir area ﬂows from east to west and turns

' dnrecuon to northwest at about 6 km upslream of the Dong Nai No 4 dam sne Neither

cu}hvaled iand nor lnhabuants are found in the reserv01r area. : y

Geologlcally, the rescrvoir arca is underlain by S'mdstone shale and sdtslone of the La
Nga Formation and are covered by overburden composed of topsoﬂ talus deposn terrace

“and alluvial deposns of 3 to 20 melres in lhlckness and up to 40 m at some plaees The
rock i is sirong when it is f resh, bul soft when hnghly wealhered '

- Some faults of degree 10l tun in the resewolr area nearly anng lhe river channel some .

slnl-;mg NE-SW and the others NW-SE and dlpplng at 70° 800

- Neither remarkable slope collapse nor landslide has been obsewed in the ICSCIVO]I‘ area,

while the slopes on he reservoir rim are as steep as 35 degrees or more. Do_cal_ slides of
no senous effecﬁ mlght occur on the reservonr 1mpoundmenl I

The surface of the rescrvolr at elevallon 440 metres will stay lower lhan the hol(om of the '

Tue Trung Basalt which can be the only possmle water Ieakage path and no substamlal

problem is envisaged against the reservoir water- ughmess

Dam Site
The conlemplaled Dong Nai No 4 dam site s Iocated on a nonhwesl bound channel of |
the meandering Dong Nai River, apprommately 3 kllometres west southwest of the

Quang Khe village on the national highway route No. 28. ‘The river bed is at elevation
355 melres ‘with a 40 metre wide river ehannel lncludlng the terrace on both sides of

the channel, the valley floor has about 70 metres of width. The bedrock of sandslone -

with minor shale and silistone layers, of the Jurassic La Nga I‘ormatlon is w1dely
exposed on the valley floor, wheteas the slopes on both banks are thickly covered by

forests. - The bedrock shows the strike right angle to the river channel and the dip of 55 - B
o 60 degrees northwest or toward the downstream. On the right bank the slope rises al

a gradient of 1 Vertical / 1 Horizontal {rom the end of the ferrace bul the angle changes as .
gemler as 1/1.5 in the higher parl.  On the left bank, the slope is a little steeper than 1/1
up 1o the contemplated dam crest height near clevation 450 metres.  Width of the valley
at this clevation is apprommalely 260 metres. The Dong Nal valley forms a steep and
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narrow gorge at this dam site as shown in Figure A4.2.2.

The scismic refraction prospecting on the line S906D and the core drilling with

'- permeability test at six locations from SD915D to BD920D were conducted on the dam

axis, of which the geologic profile is shown in Figore A4.2.2.

The bedrock of sandstone interbedded with shale and silisione is covered by a layer of
surface soil including soft rock fragments, 3 to 9 metres thick on the teft bank and 2 to 20
meires on the right bank. Highly to moderatcly weathered rock zone develops within

- the depth of 5 metres at the middle-height part of the slopes and about 10 m to 20 m at

“elevation over 460 m. On the foot of the both banks including the river channel,

moderately to s]ightly weathered rock and fresh rock are widely exposed.

The solid foundation of slightly weathered rock is reached by excavation to the depth of
25 metres on dam abutments on both banks, except in its lower parts and the valley floor
where the only 5 metre deep foundauon excavation will be sufficient to expose strong

foundation. ' Seepage polcntlal is generally low in the slightly wealhered rock, as
: ‘represcnted by Lugeon values lower than 10. On the right abuiment, however, some

- high watcr-takes over 40 Lugcon unit were observcd in depths between 30 metres and 60
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'mc{res, presumably due to fractumd zones in the slightly weathered rock. A sub-vertical
cracky zone has also been found at the valley floor. 'This sort of highly pervious zone in

considerable depth shall be treated to water- ughlness by cement grouting.  Where the

. fractured zones appcar on the surface of the foundation rock, they shall be excavated
decper than its width and replaced wuh concrcle

The fresh or sllghlly wealhcred bedmck in lhe dam site is sound, wnh the unconfmed

- compressive strenglh rangmg from 40 MPa (400kg[/cm ) to 130 MPa (1300 kgffcm?).
~Seismic wave velocily of the slightly weathered rock zone shows around 3.0 km/sec and

the fresh rock ranges from 4.6 km/sec fo 60 km/scc t,xcepl low velocity zones
mlercalated at some placcs : -

Headrace 'I\mn.el and Intake

- Thé contemplated intake site is situated in a small gully and on a slope of about 40

' dcgrca.,s gradicnt, about 2 km upslream of the dam site and on the lefl bank of the Dong

Nai chr

| The headrace lunne] route, 1pprox|malely 5, 400 melres long, is dcs;gncd to pass under the

- hill on the left bank of the river -

Four major gullys fun across the headrace tunncl route.  The elevation of the lowest

~ portion over the headrace tunnel, cxcept the intake and the surge tank sites, is about
' clcvauon 500 melres as against the tunnel formation height of elevation 413 metres, with

80 melre Ih:ck cover over the tunncl

“The seismic rcfracuon prospecting was done on lwo lines, S907D and 8908D along the
: mlakc and the intake. ~ The core drilling was performed at two locations, Bl 924D and Bl

925D at the intake. No dnlllng, was made on the headrace tunnel route in this ficld

investigaiton, because mform_allon from some of the previous investigation was available.

Gedldgic profile of the intake and the headrace tunnel route are shown in Figures Ad.23
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and A4.2.4.

According to the core drilling B1924D at the intake, the moderately weathered sandstone
and shalc that are acceptable for the intake portal arc reached at the depth of S metres
through the cover of completely and highty weathered rock.

~ The tunnel will be driv'en_.ondc'r' the hill which is covered by basalt of Tuc Trung

formation. Core drilling in the previously investigation shows that the sub-horizontal
boundary of the basalt and the underlying La Nga Formation is higher than the tunncl

" formation height. ‘The headrace tunnel will pass lluough the fresh sandstone, shale and

silistone of the La Nga Formation, except for localised scctrons of weathered or fraclurcd
rock at portals and in the vicinity of faults. T

The sedlmentary rock of La Nga formallon on several outcrops shows stnkes of NE—SW

* and dips of 60 to 70 degrees o either dlref‘llon of NW or SE The headrace tunnel will

cross the fold beds

'As shown in rcglonal gcologlc map a major fault named Tanh Linh - Dak Nong with a
north- -south strike will cross in the middlé pariof the lunnel allgnmem while it is difficult

to obsetve it at the freld for the lack of oulcrops OIher smaller faults of Degree 11

- could also be encountered I‘aulls of minor grade are much more difficult to fmcl

because of the Ihrck ovcrburdcn or wealhenn gand the dcnse vegetatlon ‘

Surgc Tank Pens(ock and Powerhouse

The surge tank and ihe pcnslock are srluated on the hrll slope on lhe left bank of lhe Dong
Nai River ﬂowmg southwesl There arc two small gullies culung lhls slope on both

' upstream and downslream sides of lhe penstock route.

No dnllrng was performed in lhe current geologlcal mvesugalmn because the gcologlc '
information had bcen well oblarned by the drilling in the prevrous mvesugatlon

A seismic refracnon prospeclmg on a fine S909D was peiformed along the conlemplated

~ surge tank — penslock route. Its gcologrc proflle is shown in Flgure Ad.25.

The bedrock around the surge (ank and the penslock sites consists of sandslone and shale

" covered by ralher thick overburden. Thickness of the overburden ranges from i3mto
- 20m and gradually deueases down the slope lo a few melcs at the powcrhouse srte on
thetiver hank

in lhe surge tank area, the core dnllmg DNS in lhe prev10us 1nves||galron shows that the

- sandstone- shale are overlain by the 50 metre thick basalt of the Tuc Trung formation.

. Also found in the previous corc drlllmg was a 6 melre thrck residual soil fayer, consisting
. of clay with fragments of sedlmentary rock, that was formed be{ween the basalt and the

La Nga sandslone shale.

Al the powerhouse site, the fresh sandslonc and shale is covcred wrlh a few metre thlck
colluvial deposit and a 5 to 10 metre thick wealhered rock as shown in Figure A4.2.5.

~ Slightly weathered or fresh rock outerops on the river bank of the Dong Nai and in two
~ small gulhes near the site. Talus is Iormed at the foot of the slope '

The rock heds drp agwmst lhe hrll slope ralher favorable for the slope slab:hly A '




steeply dipped cracky zone develops paraliel o the river behind the powerhouse site.
The rock is generally sound and medium to highly strong.
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SEISMICITY
The land of Vielnam,' ‘except its farthest northern part, is sitvated on a craton or a

stabilised contlincntal mass 'ca]k_:d Sunda Shelf. This arca is characteriscd by low
seismicity and little earlhquwke

In the Institute of Geophysics, Hanoi, a set of earlhquc record was obtained, that

~ covered twenly-four (24) cvents for the period from 1715 to 1992. A probabilistic

estimate of the maximum carthquake acceleration was tried, though the number of data is
not always relevant enough for this process. Ruling oul three data before 1990, probable
maximum earthquakes were sought on twenty-one (21) data in 70 ycars between 1923
and 1992 for the return periods of 100 years and 200 years as shown in ‘Table A5.1.

' Earthquake intensity that could be felt at the middle part between Dong Nai dam sites
- No.3 and No.d (11°52’N, 107°50°E) was initially estimated for each of the recorded

earlhquake by usc of altenuation forniulae of Cornell and Kawasumi. Cornell’s formula

" has given some low intensities, while effects of the carthquakes to the dam sitcs are all
- zero (0) according to Kawasumi as shown in Table A5.1. -

Those formulae are as follows:

. Formula accor(hng to Comell

(Cornell C.A., 1968, Engmeenng seismic analysrs Bull. Seism. Soc Am Vol.58,
Pp. 1583 1606) :

' Ia80+15M 25Lnr '
S where, N
B I Eaﬂhquake Intcnsnly in M{Jdlfled Mercalll Scale felt at lhc dam site
M: Magmlude in Richter Scale ‘ -
“R: Focai distance in kilometer, 1 = (& + b+ 400)05
: ' cl Eplcenlral distance (km)
- " h: Focal deplh (km)
" logA= 0014+0301*
- where, . .
A Peak honzomal accc]eraimn (cm/sec or gal)

) (*Tnfunac MD and Brady, AG., 1975 on the conelaiion'of seismic
- intensity scales with the peak of recorded slrong ground motion, Bull. Seism.
~ Soc. Am. Vol.65, pp-139-162)

- - Formula according to Kawasuml

(K'iwasuml H., 1951, Measures of canhquakc danger and expeclancy of
maximum intensity lhroughoui Japan as inferred from the scismic activity in .
hislorlcal umes Bull. Earlhq Res. Inst., 21, pp469-482) '

=2 M' 46052 log d- 000183 d-0307 (when d is notless than 100 km)
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[j=2 (M- log 1) - 0.01668 1 - 3.9916 (when d is less than 100 km)

A= 0.45 x 1092 (when Ij is not more than 5.5)
A=20x10%0 ~ (when5.5<1,<7.0) |
- where, ' |

Ij : Earthquake intensily in Japan Melcorologlcal Agcncy Scalc (JMA)
M: Magnitude in Richter Scale
d : Epicentral distance (km)
T _I‘ocal distance (km)
A Peak ground_accqler_atfon (émfséc’ or gal)

The probabilistic calculation, therefore, was made only on Cornell’s intensities thal were

-~ supposed {0 be felt at the dam sites in sixtcen (16) events of the earthquakes out of

" lwenty- one (21). The estimate is shown in Flgure AS, giving lhe probable maximum
 accelerations of; ' ' :

0009 for 100 years of retum périod,
0014g  for 200 years of retum period.

' Since the estimated pmbablc carlhquakc acceler'mon is very low, the desngn car{hquake
acccleration should be determined largely in reference with the mtemauonal standard
approach and examples in other S|m|lar pro;ecls localed nearby. For mslance the
carthquake factor is O. 035 for rock-base structures in the Ham Thuan — Da Mi
Hydropower ijcct and 0.07 for earth-base struclures, while the study of de51gn criteria
for the Dai Ninh ijccl proposcd 0.1. The value of 0.1 will be taken for the Dong Nai
No.3 and No.4 dams as a conservatlve mlmmum value for lhc demgn .

The rescrvou mduced earthquake is not concewable Allhaugh faults of varlous sizes

" are reported from interprefation of topogmphrc lmeamenl the sedimentary bedrock is
Jittle disturbed and shows almost constant trend of bcddmg around N45°E in the strike
withoul scrious dlslortlon in spite of folds. The land is lectomcally slablc as Rclf—cwdenl
in the siudy of lhe eanhquake data menlloncd above, -
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Ab6.1

A6.2

A621

CONSTRUCTION MATERIAL
General |

Quest for sources of concrete apgregates and dam cmbankment malcrials was conducted
with a scries of test pitiing for earth borrow arcas, core drilling for quarry sites and

laboratory test of samples.  Samples were also taken from deposits along the Krong Kno

River and the Srepok River for laboratory tests of fine concrete aggregate. The
characterislics of the carth matcrial the quarry rock and the river sand are summamcd in
Tables A6.1, AG.2, A6.3 and AG.4.

Rock Matenal

Quarry Sltc for Dong Nal No. 3 Scheme

, Quarry suc l‘or the Dong Nal No. 3 schemc is proposcd at the basalt platcau on the right -

bank of the Dong Nai river approxlmalely 1.5 km norlhw_e_s{ from the dam site where the
Tuc Trung Basalt flow is widely exposed on a long escarpment. '

. 'Elevaiion of gr'ou‘nd SlirféCC of thcrpr(;poﬁs;'cc-]' quarry is about 800m-825m.

~The quarry sile was lnvesligaled by lhc seismic refracuon prospecung on the linc SQOSU
and three boreholes located 100 to 200 metres behmd lhe edge of thc cscalpmenl Six

core samples were lcsled in laboralory

_The core dnlllng shows lhal Ihe hard rock of shghlly wcathcred and fresh basalt is

3 _ covered by very thick ovcrburdcn mcludmg the hl},hl)’ to- moderalely wealhercd Tocks. '

_ Its thickness varies from 20 m to 40 m.

A<; shown on the dnll logs lhe basall is gencrally dcnqe bul has some vcswular and
- porous layers. - The unconfined compressive strength of the dense basalt ranges from 90

MPa (900 kgffcm?) to 115 MPa (1,150 kgffcm?). Two soundness tests resulted in the

_welghl losses of 0.23 percent and 0.42 percent, which are acceptable for concrele

K aggregate. The porous basalt, however, woulcl not be suitable for coarse concrete
. aggregate due (0 its low slrength and density. Highly or moderately weathered soft

- basall that is not suuablc for the rock material is occasionally found intercalated among

- the hard solid basalt. Such soft rock may be us'xble for transition #one of the rockfill

- dam,

~ The results of the lé_bora(ory tests are as sho_wn' in Table A6.1.

A6'.2.'2 :

Quany Site for Dong Nai No 4 Scheme '

A quany site for the Dong Nal No.4 schcmc is proposed ona plaleau hlghcr lhan EL. 650
m at the top of the slope on the right bank of the Dong Nai River and approxlmaiely 4 km
north of the dam snle where the hard basalt is wali exposcd forming an cscarpmcnt with a

walcr fall

_ 'I‘wo SClsmlC rcfracuon proflles and thrcc borcho]cs were survcycd and six corc samplcs
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6.3
6.3.1

632

were tested in laboratory.

‘The core drilling showed that the hard and solid basall is covered by very thick
overburden including the highly to moderate]y weathered rocks. ‘Their thickness varies
from 27 mto 48 m. Two types of basalt, dense and porous, were encountercd

The results of laboratory tests show that the rock condition in lhrs qmrry is similar to lhat
of the Dong Nai No. 3 quarry.

" The core drilling found that the fresh oronly slrghlly wealhered basalt is mlercalated with
- thin layers of highly or modera{ely weathered rock at places. A summary of physrcal

and mechanical characteristics of the rock samples is shown in Table A6 1

 Earth Core Malerials

' Earlh Malerral for Dong Nai No. 3 Scheme

An eanh malerlal source is proposed on lhe basalt plateau on the rrghl bank of the Dong

" Nai River and '1pproxrmalely 2 km norlheasl from the dam srte The borrow area is

locqled near the proposed quarry

Thirteen (13) tesl pits were dug and erghleen (18) sorl samples were taken for the test in
laboratory : -

_Thc carlh malenal in this area is reddrsh brown laterrlrc clay thai is lhe product of

intensive weatherrng of lhe basalt

The test resulis rndrcate that the eanh malerral is a mixture of 25 pereem clay, 30 percent '
* sand and 45 percent gravel and falls under GC ol‘ the Umfred Sorl Classrfrcauon of the
US. Bureau of Rcclamauon (USBR) ' ' - -

A summary of the laboralory lesl resulls for Ihrs borrow area is shown in Tables A6 2.

' Eaﬂh Material for Dong Nai No. 4 Dam Scheme '

An canh borrow area for the Dong Nai No. 4 scheme is proposed on a flat platcau hrg,her o '
- than El 600m on the right bank of the Dong Nai River and approxrmately 1 km norlheasl p
. from Ihe dam srte

Ten (10) test prts were dug and lwcmy (20) sorl samples were laken for the laboralory
fests, ' : : : ‘ i

* Observation in the fest pits shows thal the sorl malerral derlved from wcalhered basall
_ contains 10 to 40 pen.em of reddrsh brown lalcrmc cla) in the LOIIC decper than 3 meires.

The test resuits indicate that the soil material has 30 Yo average conlcnl ol' parucles l‘rner o
than 0.005mm, the liquid limit of 70%, the plasue timit of 41% and the nalural morslure B
" content of 36.8%. The matenal is gcnem!ly welter than the optimum moisture conlent '

and is considerably dryer than the plastic’ limit. The plasucrly charactenslrc of soil
indicates the high plasuc silt classified as MH ‘

A summary of soil malenal in lhrs borrow area is shown in Tables A6 3and A6 3.




6.4

6.4.1

642

643

- Sand Borrow Pits

Sand deposit that is sufficient in volume for concrete aggregates and filter material of the
fill-type dam is absent near the project area.  River deposits on the Dong Nai River are
too scarce and scattered in small scale. 'The nearest substantial deposits so far found is
located on lllo_ Krong Kno River and the Strepok River to the north and at Thong Nhat
sand pit on the dowastream Dong Nai river to the southwest, all at the distance more than
100 kilometers from the dam site. It will be reasonable and economical to produce filter
material and concrele aggregates by crushing quarry rock.  Locations of the sand pils are
shown in Figure Al. '

Sand Borrow Pit on the Krong Kno River

_ Sand borrow pll is located in the vic'inily of the Quang Phu village on the Krong Kno
Rriver, upstream of the Srepok River. This sand borrow pit can be reached from the
© project area by approximately 120 km long way Ihrough lhc provmcral road 693 and the

national hi;,hway No 28.

- 'The sand deposil hos along the river channel and on the river banks.

' "I‘hree sand samplos along the river were taken and tested in laboratory The resulls
~ indicate that the sand is clean and well graded malcnal and not chemically rcacuvc in the

alkali rcactivuy lesls

- In lhe prevrous mvesugallon the rcscrvc lﬂs been csl1maled al 447,000 m’.

-~ Sand Borrow Prl on the Srepok River

* This sand borrow pit is located on the Srepok river and it has a distance about 170

kilometers from the dam sites through the national highway No. 14 and No. 28.

" The sand deposit lies along the r_iverchannel and generatly under the water.

‘Three sand sarnplcs were taken in the site and tested in laboratory. The results indicate
that the sand is clean and well gmded material and not chemically reactive in the alkali
reaclivity tests. In the previous study, the reserve has been estimated at 2,577,000 m*.

A snmmary'of laboralory tests of two above sites is shown in Table AG.4.

Sand Borrow Pit on the Dong Nar River (Thong, Nhal)

3 ThlS sand prt is located on lho Dong Nai Rlvcr downsircam of the project area and in
- Thong Nhat commune - Bu Dang district. It has a distance about 150 kitomcters from

the prop:cl area and lhcrc 15 a 30 km long canh road to connect the sand prt site to the

highway No 14

A part of this sand horrow was oxplorled to supply the conslrucllon m’rtenals for the Thac
Mo hyclmpower pro;cct
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The proven reserve is 1,200,000 m’.
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Table A2.1 Summary of Stratigraphy

g | -
9 g Lithology %» Summary Pescription
: R 9

IR ]

sl B 5158 a |
Q B Alluvium of river, stream: Sandy clay, clayeysand, sand,
. alJIv k-
. : 1-5 { gravel
S E = : - § Residual soil: Clay mlh laterits or soft rock fragments
. E L]
1B E e
O
S|8|§|¢2 |
Q s ﬁ Basalt of Tue Tnmg formation: Oviline basalt, p]agoclasc
é Q o [ basslt porous and dense structure.
= B b .

7 : & |

B | &
[S] .9
S8l alsg g S | o
S =) 9 p La Nga formation: Sandstone, shale interbedded with
o A :

E b=4 siltstone
g 3 B |
Ca Na Complex: Leucocratic gramle two nica gramte
with fine grained
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Tablc A3.1 Quantity of Seismic Refraction Prospecting

Site Location Linc No Length (m) Remark
Dam site ~S901U 900 '
Intake - 5902U 1,500
: Watcrway 903U 7,000 Dam axis
Dong Nai No. 3 Penstock S904U 700
T Quamy S905U 1600
Subtotal o 11, 106
Dam sile - S906D .+ 600
' make - S97D 400 L
Watenway S908D - 10004 Dam axis
N Penstock - S9Db - 200 o :
Dang Nai No. 4 Quaﬁy . S90D 500
S911D . . - 500
- Subtotal : ’ 3,900

Total

S A7

15,000




Table A3.2 Quantily of Core Drilling and Borchole Test

. . Borehole Drilled Coordinates Elevation OP en'-end Lugeon SPT .
Site Location No - length - () Pipe Test test (Points)
' . : {(m) N - E _ (stages) | (stages) | ©
MNo.3| Damsite §8D9IU 800 ] 1314 016.54 | 815344.65 | 634.14 2 11 g
: BDS2U [ 80.0 [ 1313933.66 ¢ 815286.79 | 582.99 2 13 6
BDS3U | 700 - | 1313 857.14 | 815233.19 | 506.44 - 14 -
BD94U | 700 | 1313731.60 | 815146.16 | 508.74 - 13 -
BD 95U | 800 | 1313 638.03 | 81508041 { 578.41 2 10 20
- BD 96U | 80.0 | 131351263 | 81499845 | 639.61 2 12 12
- Subtotal 460.0 S : 8 73 46
- Intake - | BIS07U 40.0 | 1313 842.87 | 81557491 | 581.34 o 15
: BI ¥8U 40.0 | 1313909.97 | 815553.11 | 616.29 19
Surge tank | BP 909U 50.0 | 1314 582.21 ) 809222.14 | 631.38 - 13
Penstock | BI' 910U 50.0 11314 480.69 } 80920345 | 556.23 3
Powerhouse | BP 911U | 30.0 ¢ 1314 388.57 | 809 186.53 | 485.57 -
;" Subtotal 250.0 ' - - _ ~ 0 0 50
Quany site | BQ912U | 50.0 | 131528146 | 816 197.37 | 822.36 ' o
- 0| BQ9I3U| 500 | 1315136.98 | 816409.12 | 807.21
' BQSI4U | 500 131499439 | 81661808 ¢ 822.98 -
" Subtotal 150.0 - - 0 0 - U]
Total (No.3) 860.0 - L g 13 96
Nod4} Damsite |BD915DH| 80.0 |1315097.97 | 79786042 | 499.18 2 8§ | 12
- | BD916D | 800 | 131505297 | 79782204 | 449.84 2 11 1
BD917D | 70.0 | 1314 989.66 | 797739.92 | 366.50 i4 -
BD9ISD | 70.0 | 1314 948.57 | 797 686.62 | 360.50 14 -
BD919D | 800 | 1314 892.65 | 797 614.06 | 449.94 2 4 ]2 -
- ~ | BD920D | 80.0 | 1319533.58 {1 798954.36 | 650.29 2 13 6
- --~ Subtolal 460.0 : 3 : ' 8 74 21
Quarry site | BQ921D | 50.0  § 1314 836.61 | 797541.36 | 476.22 '
o BQ922D | 500 131969633 | 798816544 66356 | - -} - -
: BQ 923D | 500 | 1319 684.84 | 79896599 { 673.08 :
Subtota) 150.0 - ' 0 0 1]
Intake BI924D | 400 | 1314 149.37 ] 79733043 | 451.03 2
' BI 925D 400 | 1314 231.14 | 79727131 | 50731 10
Subitotal 80.0 : ' 0 1] 12
Tolal (No.4) 690.0 g 74 33
1550.0 - 16 147 129

Grand Total
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Table A3.3 Quantity of Test Pits

Site ~ Location Test Pit Depth . Ooordl}lales Elevation (m
_ No - (m) '
. "N B :
No.3 Borrow area | TP O1U 1.0 1314 811.76 817 204.26 826.78 -
TP 02U 25 1314 916.91 817 083.54 820.31
TP 03U 25 - 1315111.03 816 697.67 82697 .
TP 04U 25 1315 210.81 896 547.94 828.30
7 05U 5.0 1315 346.49 816 314.96 823.88 .
TP 06U 4.0 1315 465.08 816 087.40 82223 .
TP 67U 50 - 1315 424.06 815854.05 | 81443
TP 08U 25 1315 290.48 815 631.03 781.28
‘1P 05U 5.0 1315 260.35 815391.24 - 787.94
TP 10U 5.0 1315 203.20 815 164.31 788.18
TP i1U 3.0 1315 433.46 81631552 | - 77215 °
TP 12U 4.0 1315 663.58 816 111.88 779.12 ¢
R TP 13U - 50 1315 555.91 815 442.64 778.83
: Total (No.3) - 47.0 T S
No.d Borrow arca | TP 01D - 50 -] 131582515 799 630.14 662.17
S - TP 02D 50 1315 940.57 | 799 552.34 653.96
TP 03D 5.0 1316 027.92 79939001 | - 659.65
TP 04D - 5.0 1316 067.43 798 877.63 657.92
TP 05D - 5.0 - 1315947.75 | - 798 648.63 654.66
TP 06D 5.0 - 1315 864.46 798 508.49 651.15
_TPGID S50 . 1316 700.07 798 400,95 637.22
TP 08D -1 50 | 131553025 798 289.17 617.38
1P 09D "~ 5.0 - | 1315956.12 798 267.34 618.60
. | Tr 10D 5.0 1316 016.44 798 040.29 606.56
‘Total (No4) 50.0 i o =
- 970

Grand Total




Table Ad.1 Engincering Grade Classification of Weathered Rock

Grade Weatl.l.eriﬁ g . | " Description
PIDC2 ISRM | - : S
' No visible sign of material weathering, very strong, shape of cores
_ - - |0310m. '
1B Very Fresh | Physical mechanical propcriy is hi gh and does mot change by
- | depth. . '
The permeability is very Iow and does not change by depth
No visible sign of material weathering.
. _ Perhaps, slight discoloration on major discontinuily surfaces, very
HA - I/Fr Fresh | strong, shape of cores 0.3-1.0 m.
: ' ' Physical mechanical property is high and change by depth.
The permeabilily is low and changes by depth.
All or some of the rock matesial may be discolored by weathering
_ o s lig hily e and rﬁay be somewhat weaker extremely then when fresh, ‘hard
1B ll/S_W weathore d rock shape of cores 0.05-0.1 m.
R _ Phys:co mechavical property is high and decreases by dcpth
L The penneablhty is high and changes by depth,
o . ' | Moderate ]'Y < Half the rock material is decomposcd and disivtegrated to a soil.
IA2 HI/MW Fresh and dlscolored rock is present as cither conlinuous
{% ' 3 weal.herlcd framework o cofestones. o '
: - e Highly > Half lh:c rock mate_nal ls_decomposcd .and disintegrated to a soil.
1A1 IVIHW | Fresh and discolored rock is present as either conlinuous
' - -1 weathered : .
77777 framework or coreslones.
dQ 20 | view Completely | All _roc-l-: .Iilaleﬂal is.dccomp'oscq andfor di.sintcgratcd 1o or soil.
- weathered | The original mass strucluze is still largely intact,

Term Deseriplion
Fresh No visible sigh of weathering of the rock mziterial.
Coe The cdlor_ of thé'original fresh rock material is changéd. The degree of changg
Discolored from the original color should be indicated. If the color change is conlined 1
Lo particular mineral consliluents this should be mentioned.
" |'The yock is weathered 1o the condition of a soil in which the original maleria
Deécomposed S : . . N
T : fabric is still intact, but some or all of the minerat grains are decomposed.
Di.sint‘c raté' d. - 'Ihe rock is wealhcred to the condition of a soil in which the ongmal fabric is stil
. g 7 |intact. The rock is friable, but the mineral grains are not decomposed.
% o , " The siéges of \".-'éalhcriug described above may be subdivided using quaii[ying terms, for example'

"slightly discolored", "moderately discolored"”, "highly discolored".
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Table AS.1 Earthquake Infensily Felt in the I’mjeét Arca

Earthquake Intcnsily' Aécording to Comnell and Kawasumi _ %

YM/D Latitude | Longitudg  Depth |Magnitudd Distance (km) - - Intensily by

: (km) |(Richtcr s) Epicentral [ Focal ‘| Comell | Kawasumi
19237215 10.1 109.0 10 51 234.36] 234.57 20 ¢
1923/572 - 101 109.0 © 17 " 5.1 23436 23497 20 0
1924/12/27 i4.1 109.0 X 51 276.96] 27892 1.6 0
1926/7/15 141 1090 331 . 51| - 27696] 278.92 1.6 0
1928/6/7 - 133 108.5] . 10l . - 53] - 174.00{ - 174.29 3.0 0
1950/2/1 131 10931 -+ 15 - 4.8 21397 21449 @ 18 0
1955/2? 11.1 1084 - 15| 34| 107.14] 108.18] - 13 0
1960727 |- . 111 1091 . 15| . 41| . 167.19] - 167.86 S 13 -0
196377/s | - 121 1091 - - 15| . 41| 14684 14760 - 16 -0
19637717 o119 1094} 15 41 17811 f 17874 = 1.2 0
1964/8/8 7 103] - 1068 151 40| 0 203.88] 20443 0.8 0)
1964/10/26 11.5] 1066 - 15 27 13949 14030 00 0
196773113 o124 1087 . 15] “41]  103.25| 10433 25 20
1970/4/12 T 134| 1089 13 - 53] 7 206.64 207.05 2.6 0
1972/5/24 136 1088 - 13 - 53f - 21867 21905 25| 0
1977/5(5 - 10.6 1083 . - 15 - 271 - 14896] 14971} = 00 0
199011071 | 104] 1075 . 10] . 37  163.38| '163.69 08 0
1990/10/18 L103] - 1074 - 10 23] .. 176.52 176.81 .00 0
1990/10/19 . 104] 1083 10 21| - 16934 169.64] - 00 -0
1991/6/? . 106 107.9 10] 41|  138.62] 138.98 18 -0
19927272 136} 0 1082f 10 3.1 - 19342 - 19368 . 00 o]

* Intensitics are in the Modified Mercalli Scale.
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