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1. TOPOGRAPHY
1.1 Topographic Condition in the Study Arca
The main stem of the Dong Nai River originates from the high hills (EL 1,000 to 2,000 m)

lying in the northern end of Lam Pong province, initially taking the southwestward direction in
its flow course. After the join of the Da Dung River from east, the Dong Nai River turns its

“flow direction to west, making the border line between Lam Dong and Dac Lac provinces.

After pasSing counter-clockwisely along the border lines between Dac Lac and Lam Dong
provinces and between Lam Dong and Song Be provinces, the Dong Nai River heads its flow
direction to south-east. After the join of the Da Te River from north-east, the Dong Nat River
changes its flow direction to south-west, and crosses Dong Nat provincfc. Meandering east of
Ho Chi Minh City, the Dong Nai River finally debouches in the South China Sea with a
catchment area of 40,683 km? at the estuary including the ii‘ibularies. |

There are two main tribularies, the La Nga and Be rivers, in the Dong Nai River besides the
Saigon River meeting into it about 30 kni upstream of !hc estuary and the Vam Co River -
merging into it almost at the estuary. The La Nga River originating from the south-west flank
of Mt. Pantar (El. 1,654 m) in Lam Dong province lies in the south of the basin consisting of

~ the main stem of Dong Nai River. Meandering westwardly, the La Nga River merges into the

Dong Nai River at Thanh Son.

. The origin of the Be River lies in the Tuy Duc mountain area;('l*il. 950 to l.;OOO'Il.l) standing on
~ the international border between Viet Nam and Cambodia in Dac Lac province, and its main’

tributary called the Dac Hoyt River runs south- wes'{w'ard!y by fOrniing the inlermtional

: bound'iry between the two countries. "The Be Rwer mec:s the! Dong Nai m'un stem

downstreani of the Tri An damsite after passing the wide valley extendmg in the centre of lhc.
Song Be province. '

The Saigon River, which originates from the southern flank of the hill (£ 100 to 200 m)
bordering with Cambodia in Tay Ninh province, has characteristics of geatle slope and
meanderin'g * Five km upstreain of the confluence with the Dbng Nai, there is the Saigon inland
port, which is the pwot of navigation to support the economic aclivities in Ho Ch: Mmh City

“and the Mekong Delta.

In the west of the Saigon River, there is the Vam Co River, which has two main tributaries; the
East Vam Co River and the West Vam Co River. Both of them originate in :_the low hill area
lying in Cambodia and gently flow down sIOLi'th'easlwarcl_ly through the wide plain extending in
the lJong An province, finally merging into the Dong Nai River near the estuary. |
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In the coastal zone of the Study Area, south of the La Nga River basin, theie are several rivers
Stlcll as Cai, Luy, Phan, Dinh and Rai, which directly debotich in the South China Sea. Due to
small catchnment area, i.e. 1,000 to 2,000 kmm?, and dry climate, these rivers are a less reliable
source in terms of water resources development.

Catchment area of the rivers in the Study Area totals to 48,471 km? and is summarized as

follows:

o Point to rneasure _ Catchment
River the catchment area area, km?
Dong Nai Confluence at the Be River including - 14,979

the La Nga River basin _
Dong Nai- From the confluence at the Be River 4,093

to the estuary ‘
Be Confluence at the Dong Na_i 7,201
Saigon o Conflucnce at the Dong Nai _ 4316
West VamCo .-~ Confluence at the East Vam Co 9

g " excluding the west bank area o

East Vam Co Including the estuary 5005

Total of the Dong Nai Riverbasin -~ . 36,515
Coastal Rivers : . Estwaries with north-east bound of o 1,956

Khanh Hoa/Ninh Thuan province i
Total of the Slu(ly‘Area 48,47 |

“The Be ancr, the Smgon chr and the East V'im Co Rwen mc!ude a cau,hmenl arca of
4,168 km? in the lcmlory of C'nnbodla and thus the total catchment area of lhe Dong Nai
Rlver becomcs 40,683 km?, L L "

1.2 fl‘opogra‘phié Maps Available in the Study Area

Z ’1‘0p6graphic map:s with a scale of 1 to 250,000, 1 to | (}0',.0(}0,'-1 to S0,00G and 1 to 10,000 are
available in the Study Area. Maps with a scale of 1 to 2'5.0,000 were prepared in the year 1972
for the entirety of the Siudy Area, whilst topoéraphic maps with a scale of 1 to 100,000 were
reproduced =b).' reducing the scale of 1 to 50,000 scale topographic maps, which were prepared
in the year 1965 and reprinted in tlie year 1975. Both of 1 to 100,000 and 1 to 50,000 scale
topographic maps are available for the whole of the Study Area.

‘Fopographic maps with a large scale of | to 10,000 ate available in and around the Ho Chi
Minh Cily area. Furthermore, the sanie scale maps were prepared especially for planning the
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projects of Dai Ninh, Dong Nai No. 3, Dong Nai No. 4, Dong Nai No. 3, Dong Nai No. 8,
Can Don, Phuoc Hoa and Da Den by the Ministry of Industry (then Ministry of Energy) and
the Ministry of Agriculture and Rural Development (then Ministry of Water Résources).

1.3  Topographic Surveys

Topographic surveys to prepare river cross sections and profiles have been carried out by the
Study Team in the lower reaches of the Dong Nai River, the Saigon River, the East Vam Co

| River and the West Vam Co River for the mhmly intrusion survey over a period of December
1994 1o March 1995. The survey area is depicted in Figure 1.1, and the work quantity is
summarized below:

Name of Rivers Extent of Survey Number of
(Longitudinal profile) Cross Sections
Dong Nai River From river mouth to 85 km upstream ' 18 sections

Saigon River From river mouth to 60 kmt upstream 17 sections
East Vam Co River

West Vam Co River

. From river mouth to 120 km upstream © 23 sections

* From river mouth to 120 km upstream 22 sections

Total | | 385 km. - 80 sections

Itis noted one secllon in the trtbut'iry of lhe Dong Nai River, four secuons in lhe tubulaa ies of :

the Saigon River and one secuon in the mbumry of thc ast Vam Co Rwel 1re mcluded in the L
- above work quanhly b '

The olher topographlc survey to pn,p'trc river cross sccuons was camed out lhrough the ﬁeId o
work of Phase HI for three dam projects, Dong Nai No. 3, Fu Mleng and Luy which are
among the selected master plan projects, to supply more reliable topographic data for the design
of those three projects. Work quantity of the cross section survey is sumimarized below:

Tolal Suweycd bength m

... Project . Numberof Cross Sections _
Dong Nai No. 3 3 : 1,600
Fu Mieng | 2 3,800
Luy o 3 ) 4,400




It is noted that it was intended in Phase | to prepare 1 to 10,000 scale topographic maps by
applying photogrammetry for promising dam projects, but was cancelled due to availability of
such a scale topographic map for those promising dam projects.
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2. GEOLOGY
2.1 General

Central to southern patt of Viet Nam is situated on thie Indosinian Platform, the central core of
so-called Indosinian Continent that was built up by Mesozoic orogenesis and has been
éstablished up to the present time. Basement rock of this region is metamorphic rocks of Late
Pre-Cambrian or Early Paleozoic, which are covered by folded sedimentary rocks of Pélcozoi_c _
to Mesozoic eras, Also widely distributed are intensive granites ang 'volcanic_rocks, including
andesites and basalts, formed in the course of (hé orogenic movement, While Terli'ary
sediments are very limited in distribution, Quatemary deposits are located at many places élong |
rivers. Especially in the southernmost part of the éoum@ thick Quaternary deposits are formed
in an extensive plain of 100 km in width developing from the Mekong Delta north-west toward
Cambodia. o

2.2 Regional GcoIOgy

From the geological point'of view, the Study Area can be divided into three regions, i.c. the
Dong Nai River basin including the La Nga River basin, the Be River and Vam Co River
basins and the coastal zone. The geological conditions of the Study Area are illustrated in
Figure 2.1 and stratigraphy is presented in the Table below:’
Sedimentary Deposit/Rocks

;

Deposit 1ot cemented, elay, silt, sand and gravel

Cenozoic |Quatemary
- Siltstone and mudstone

Neogene

Di Linh Sandstone with cobble and siltstone,
_ |mudstone containing coal and organic matters

Mesozoic |Cretaceous (Dong Duong (Rhyolite, dacite, tuff and sandstone .

Baol.oc Andesite, dacite, wff and sandstone
Tarassic | L - _ . _
_ ‘ ‘BanDon  |Mainly siltstone, sandstone and clayey scliist
_Tf_gtleozoligw Peymian :FjThiet Sandstone, conglomc:ijatc',' clayey schist and limestone |
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Igneous Rocks

Geological[Time  [Formation  [Geological Description
Cenozoic [Quatemary Olivinbasalt
Doterite basalt and olivine basalt
Neogene | ~
Mesozoic |Cretaceous B Granite and diorite B

The upper.reaches of the Don'g Nai River and La Nga River basins aré mainly composed of
Mesozoic sediments, intrusive rocks and basaltic rocks of Tertiaty to Quaternary’ volcanic
activities. Out of Mesozoic sediments, Ban Don formation of the Jurassic period is w:dely
distributed. Bao Loc formation of Jurassic to Cretaceous and Dong Duong formation of
Cretaceous mainly predomitiate on the cenlral and eastern parts of the basin. These
sedimentary rocks are strongly folded due to the tectonic stress, and their folding axes and
bedding piane indicate the north-easterly and north-westerly direction. Most of faults and
fractured zones also show the similar trends. Diorite and granite, intruded intojsedinnentary
beds, occur at many places while Neogen sediment rock, Di Linh formation, can be recognised
at the limited area along the Dong Nai River and La Nga River basins, and the Be River basin,
which is characterized by plains and low hills, is niainly composed of basalts and uncemented
deposits of Quatemary. Basalts covering Mesozoic sediments and Neogen-Quaternary basalts
~are distributed between the left bank of the Dong Nai River and the coastal line. Quatémary
- deposits that consist of sand, silt and clayey soil with occasional organic matters are wide-
- spread on the south to south-west of the basin. ' ' '

The Saigon River and Vam Co River basins are basically composed of Quatemary and
Neogenc Quatcmaly deposns which make expanded plains. Actually, the plam is compleldy
' flat and merges the Mekong Delta in the west. Neogene-Quaternary deposats,‘ composed of
sdtston;_a and mudstone, are_di_slnbuted along the Saigon River between the middle part of the
‘basin and the confluence with the Dong Nai River. Quaternary deposits consisting of

tranSponed alluvial materials ranging from clay to gravel are wide-spread on the greater part of

the basin. While, Paleozoic sedimentary rocks, the oldest formation in the Study Area, appear
at the limited ﬁmall places near the Cambodian border.

The coastal zone in which several rivers ate flowing into the South China Sea is characterized
by |}110Uﬁt€iihi zone of Mesozoic sedimentary and intrusive rocks, and piains’ of Quaternary
deposits, Mesozoic sedimentary rocks, Ban Don, Bao Loc and Dong Duong formations, are
distributed along the mountain ranging from the nonh—_east to the south-west. _Granite and
diolite chiefly occur not only at the mountain but also at the east coast area. Besides, many
small-scale independent mounts of Mesozoic sedimentary and intrusive rocks can be found at
the many places in the plain. Quatemary deposits can be distinguished into attuvial and marine
deposils. Alluvial deposits, mainly composed of sand and clayey soil, are well-spread in the
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plain. Mavine deposits, mainly sand, form continuous sand dune with its width of 5 to 20 km
along the coastal line.

2.3 Geological Conditions at the Potential Dawmsites

Geological field reconmaissance was cairied out for six out of 17 proposed damsites during 22
to 29 No?embet 1994 in collaboration with SIWRP. On the basis of collected data, field
reconnaissance results and topographic and geological maps, geological conditions at the
propose:d danisites, the location of which is referred to Tigure 2.2, are summarized in Table 2.1 -
and discussed as below: ‘

(1) Dong Nai River Basin

Dai Ninh Damsite

The damsite is located 700 m upstream of the Dai Ninh Bridge. Sandstone of Dong Duong -

formation interbedded with siltstone exposes at the riverbed and the top of both banks. The
weathered layer is approximately 10 to 20 m thick. -A rockiil type is suitable for dam

construction.

Dong Nai No. 1 Damsite

Geology at lhe damsile is ch'araclenzed by Neogcnc leemmy and Ncogcue formation, Both

abutments are genlle with a gladient of 101015 degree Soft rock of Neogene i is dlstnbuted on

the riverbed. Geological paoints to be considered when the dam is conslmctcd are exlensw
welheung developed at both the banks. Basement rocks on the rwerbed with small bearing
strength and high permeability and older river deposits undel basait lava have a lngh possibility

- of leakage.

Dong Nai No. Z Danisite

Both abutnients at the damsite are steep with a gradient of around 30 degree. Frosh rocks
mainly consisting of gr':nlte in Cretaceous and Dong Duong formation expose on the rwerbed
and the abutments. This fact suggests that the concrete type will also be included as one of dam
type alternatives for construction,

Pong Nai No. 3 Danisite

‘Slope gradients fall in a range of 15 to 20 degree at the right bank of damsite and around 20
degree at its left bank, Judging from the topographic conditions and gentle slope, it is assumed

that strong weathering acts on both abutments, of which basement rock is Ban Don formation.

‘A rockfill type is thus reco:mnended for dam conslntcuon
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- Dong Nai No. 4 Damsite

Ban Don formation and Neogene-Quatemaq,r basall are distributed around the damsite. Both
abutments are steep with their gradients of 40 degree at the right bank and 35 degree at the left
bank. The riverbed is 120 m wide. Basall covers Ban Don formation around the elevation of
500 to 600 m on both banks. Three faults have been found at the damsite. Due to the strong
weathering, rockfill type dam will be suitable to adopt. It is noted that geological investigation
as paut of its feasibility study was carvied out by the then Ministry of Energy.

| Dong Nai No. 5 Damisite

Geological condition, identified as'Ban Don formation and Neo_géne-Qﬂatemafy basalt, is
supposed almost similar to that of Dohg Nai No. 4. The slope gradients are 35 degree at the
right bank and 30 degre¢ at the left bank. The riverbed is 100 to 150 m wide. In case of
exposure of fresh rocks on the riverbed and the abutments, concrete gravity dam will also be
included as a dam type to be setected for construction.

‘Dong Nai No. 6 Damsite -

- Ban Don formation is distributed at the damsite. The slope g’radibnt is 25 degree at the left
“bank, and the slope at the right bank changes place by placc but is generally gentle. Due to ‘
500 to 600 m wide riverbed, deep soft foundation on the riverbed and extensive weathering at
both the abulmcnts the rockfill type will be appropriate for the construction of Dong Nai |
~ No. 6 dam. : '

g Dong Nal No. 8 Damsnte E

: The damsite predoxmnant w:lh the gentle lull is composed of Quaternary basnlt and Ban Don

formatiori. It was confirmed through ficld reconnaissance that basalt occurs at and around the

damsite because hard boulders of basalt are widely scattered on the surface of the left bank.

* Sandstone interbedded with mudstone appears on the riverbed 400 m downstream of the
damsite. Due to extensive weathering at both abutments, existence of old river deposits under
basall and perine’{bility of the powus basalt, leakage is expected to cause from the reservoir. A
rockfill type will be appropraale for the construction of Dong Nai No. 8 dam

(2) 1a Nga River Basin

- Ta Pao Lal Nga No.3) Damsite

The riverbed at the damsite is about 2 km wide. Fine sandstone interbedded with mudstoné of
Ban Don formation is distributed about 500 m ddwnsiream of the right bank. Granite occurs
at the left bank but its accurate border with sedimentary rocks is niot clear. No fresh vock can
be found at the damsite. Rockfill type dam is suitable because of ihick and soft river deposit
and intensive weathering at both abitments. '




Bao Loc Damsite

The damsite is located at the natcow valley with a slope gradient of around 30 dcgreé al both
banks. Granite of Cretaceous is predicted to be distributed. {f fresh rocks can be found near
the swrface without extensively weathered layers, the concrete type besides the rockfill type will
also be discussed as an alternative of the dam to be constructed.

(3) Be River Basin

Can Don Dainsite

The damsite is situated in the undulating hill with their maximum height of 30 to 40 m above

‘the riverbed, and Ban Don formation can be found at the site. Clayey schist occurs on the right

edge of the riverbed. The strike and dip of foliation are NIOE - N25E and 60 — 80° SW,
respectively. Due to the topographic condition and the strongly developed weathering at the left
bank, earthfill type dam or rockfill type dam is conceivable. Outcrop‘s of basalt excluding its
boulder are hardly found around the damsite.

IFu Mieng (Con Don) Damsite

The damsite Iymg in the gentle hiil consists of Ban Don formation. From a geological point of
view, weathered layers such as residual soil and decomposed rocks are expected (o be thick, so
emhﬁil type dam or rockhll type dam is acceplabie

Phuoc Hoa Damsnc

The damsite lies in the ‘plain composed of siltstone and mudstone of Neogené-Quatemary-
dcposnt overlain by coarse sand with gravel. Judging from t0pography and geologlcal .

: condmons at the sne, the dam heaght is stnctly limited.

(4) River Basin in the Coastal Aone
Ca Giay Damsite

The damsite lies in the undulating hill, and Dong Duong formation is distributed around the .
damsite.” On both sides of the river, tercace widely developed is easily recognized. Hatd : |
rhyolite with joints occurs at the riverbed. 'Jtidgihg from the result of ficld reconnaissance, the
weathered zone can be expected thick at both banks. Thus, rockfill dm is acceptabte ag adam

type.

Song Ly Damsite

The riverbed is about 3.5 km wide at the damsite. According to the geological map, granite of

_ Cretaceous presents on the right bank, whilst Qualernary basalt on the left bank. Judging from

topographic condition, rockfill type dam is adequalte at the proposed damsite. Taking into



“consideration the bearing strength of Quaternary deposits covering basement rock in the
riverbed and permeability of basalt and older river deposils overlain by basalt, special attention
should be paid to the leakage from the reservoir in thie further study.

Song Ray Damsite

The riverbed is around 60 to 70 m wide at the damsite. Sandstonc interbedded with mudstone
of Dong Duong formation and intrusive granite of Cretaceous ‘can be foiind 100 to 300 m
upstream of the damsite. Both banks at the damsite are covered with Quateimary basalt because
many hard basalt boulders are scattered on the left bank widely. In spite of fresh rock exposure
on the riverbed, rockfili type dam can be acceptable due to extensive weathering of both banks.’

Da Den Damsite

The damsite is located at the edge of undulating hill. ‘In spite of fresh rock exposure on the

riverbed, Neogene-Quaternary depostt is distributed. ~ According to the geological map,
siltstone may be distributed at and around the dahlsite. From a topographic point of view,
- rockfill type dam is snitable as a dam type, even if its height is strictly limited.

2.4  Dam Geology for the Master Plan Projects
2.4.1 ':Imroducjlidn j

- Master plan i}rojccls in this study were selected as follows: | e _,
) Projects for the enhanceinent of living standard in the rural area

L Impleméntatidn of 1,207 rural water supply: projects, and

- - Improvement and rehabilitation of 164 existing small scale irrigation projects as well -

~ “as the implementation of 65 new small scale iri‘igation picjects, and

b) - Projects for sustainable cconomic development _

- - - Implementation of two hydropower projects (420 MW in total) with a reservoir, Dong
Nai No. 3 (180 MW) and Dong Nai No. 4 (240 MW), .
Lo llrnplcmentalion of Fu Mieng (55 MW) multipurpose and Song Luy iirigation
' teservoirs,
- Linplementation of ten irrigation projects’ (242,560 ha in total),  Phuoc Hoa
(45,680 ha), Dau Tieng Extension (48,390 ha), Phan Ri (29,700 ha), Phan Thiet
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(10,000 ha), Ta Pao (19,000 ha), Vo Dat (12,620 ha), Long An Delta (31,170 ha}
and HCMC Delia (46,000 ha), and

- Water supply project along National Highway No. 51 (a development demand of 1.7
million m¥day).

Gcologiéal discussions for the master plan projects are mainly devoted for the dam projects
sich as Dong Nai No. 3, Dong Nai No. 4, Fu Mieng and Song Luy as well as La Burong,.
Song Ca and Phuoc Thai which are the projects considered as one of water sources for the
water supply project along National Highway No. 51. It is noted that geological maps at a

- scale of 1 to 10,000 were prepared for the Dong Nai No. 3, Fu Mieng and Song Luy damsites

to supplement geological investigation. Following are the mapped areas for those projects:

Project - Mappeq;{x__[ea, km?2

Dong Nai No. 3 - 2.6
FuMieng - o 18.0
lwy S 12

Following is the geological discussion for the selected master plan projects.

i

2.4.2 Dong Nai No. 3

“Two damsites (Alternative-1 and Alternative-2) shown in Figure,2.3 have been under |

consideration as alternative damsites. The geological conditions of both damsites can be

“clarified as discussed below,

(1) Alternative-1 (Ups:slream)

The riverbed is 150 m wide and the gradient of both abutments is around 30°. The basement
rocks as shown in Figure 2.3 consist mainly of dark-gray shale interbedded by fi inc to medinm
grained sandstone of Ban Don formation in the Middle Jurassic. Fresh basement rocks are
exposed at the riverbed of the damsite and the bedding planes, in a direction at an angle of 20°
to the dam axis, strike N4S-60F and dip 50-60S. While, joints are well-developed with their

 strikes of N40-45W and vertical dips, and each joint shows its interval of 5'cm to 100 ¢m. In

general, thé part of chiefly fresh sandstone is hard and massive, but shale is hard but fissile.
Basaltic rocks, identified as lava flows in the Neogene-Quaternary, are in unconformity with
the basement rocks underlying and form the flat-topped mountain of the right bank, higher than
650 m in elevation. Colluvium c'iepélsils including residual soil are distributed at the foot and



on the gentle slopes of both banks, and small terrace deposils present at the brink of riverbed
sporadically.

The thickness of the weathered layers, not certain because of no drilling ddta, can be estintated
at 10 to 20 m but partially more than 20 m at both banks. No major fault can be observed
except for a few small-scale shear zones paralle! to the direction of bedding planes and joints at
and around the damsite,

Judging from engineering geology, it is considered that fresh vocks free from weathering have
sufficient strength for an arcund 100 m high concrete type dam as well as low impermeability
because of well-contacted bedding planes in-place and no large fractured zones. However,
some weathered zones having open cracks can be evaluated to be permeable.

In rcgard with core materials, extensively weathered layers of the basaltic rocks and
sedimentary rocks as well as colluviam deposits distributed within 3 km of the damsite can be

used. In addition, excavated materials of fresh basallic rocks and massive sandstones produced
~ during the period of construction may also be available. As filter ad concrete aggregates,

* crushed basalt and sandstone should be proposed due to the reason that only small amounts of -

sand and gravel can be fourid at and along the edge of river course locally.

(2) Aliemative-2 (Downstrean)

“The riverbed is 120 m wide and the gradient of the right bank is nearly 45°, whilst around 40°

for the left bank.” Geological conditions at the damsite afe almost the same as that of

Alternative-1. The basement rocks as shown in Figure 2.3 conéist mainly of fine to medivm

_grained sandstones with their 'altematmg beds of shale, dark gray, of Ban Den formation in the

Middle Jurassic. l*resh basement rocks hard and | masswe, are cxposed wxdely at and around
the d‘lmsnﬁ' and fm m 2 m high rapids across the uvelbed The beddmg plangs, parallel to the
dam axis, strike N45-60E and dip 65-758. Joints are well- -developed Wilh their strikes of

N35W and vertical dips. Interval of each _|0mt and bedding planes is 5 cm to 100 cm. While,
basaltic rocks in the Néo_gené-Qualemary are in unconformity with the basement rocks and
form the flat-topped mountain of the right bank, higher than 650 m in elevation. In general,
colluvium deposits are considered to be thin due to direct existence of the weathered rocks on
the sutface of both banks. The thickness of the weathered layers, less extensively, can be
- estimated }Iﬁt 10 to 20 m at both banks. No njajor fault can be fdund except for a few sfnéll-
scale shear zones parallel to the direction of bedding planes and joints at and around the
damsite. A large-scale landslide, 700 m long and 650 m wide, is récognized 500 m upstream
of the right bank of the damsite.

Foundation conditions as well as the availability of constiuction materials are the same as those
of Altemative-1. '
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Judging from the topographic conditions with a rather wide valley as well as rather thick
weathered zones on both ébutmenls, a rockfill type dam can be recommended for Alternative-1
damsite, even if foundation condition allows the construction of concrete gravity type dam.
Meanwhile, a concrete gravity type dam is adequate for Alternative-2 damsite because of
narrow riverbed, steep stable abutments, wide exposure of fresh hard rocks and slight
weathering. Prior to the selection of damsite from among both alternative damsites, stability
analysis on large scale landsliding expected to cause aftér impounding warter in Alternative-2
reservoir is required.

2.4.3 Dong Nai No. 4

Feasibilily study including field geoibgical investigations was carried out for Dong Nai No. 4
by PIDC-1 in the year 1987. Geologicai conditions for Dong Nai No. 4 are summarized on
ihe basis of the geological investigation through the feasibility study as well as geologichl data
collected by the Study Team. The basement rocks as shown in Figure 2.4 consist mainly of
fine to medium grained sandstones of Ban Don formanon in the Middle Jurassic, interbedded
by fissile shales, and their intervals are in a range of 5 to 100 cm. Fresh rocks, hard and
massive, are exposed at the damsite, and the bedding planes, at a right angle to the dam axis,
strike N45E and dip 60-70S. Joints are well-dcv‘elbﬁcd with their strikes of N35W and dip of
80S, and an interval of each joint falls in a range of 10 to 30 cm. While, basaltic rocks in the
Neogene- Quatemary are in unconfomnty with the underlying basement rocks, forming the flat-
topped mountain higher than 300 to 600 m in elevation. Coliuwum deposns are drslnbmed al

" the foot and on the gentie slopes of both banks Accoxdmg to the drtllmg data the th;ckness of

colluvmm depos:ts is in a range of 10 to 20 m at the r:ght bank and St 6 m at the left bank 1
Weathcrmg is extensively proceeding and its ilnckncss is 20 m, paltlally 40 m at both banks
of the damsite. Three faults, which are parallel to the liedding plane and joints, are reported to
exist at the damsite according to the PIDC-1 feastbility study repoxl but fractured zones are
small like shear zones.

It is ‘considered that the fresh rocks free from weathering have sufficient strength for the
foundation ‘of around 100 m high concrete gravity type dam. 'F'resh' rocks indicate
impermeability because of well-contacted beddmg and joints in-place, and no large fractured

‘zones. However, weathered zones havmg open cracks may be considered to be permeable. It
is evaluated that three faults reported at the damsite may not be a serious problem to the dam

construction because of their small scale.,

'According"‘ 10 the investigation result on embankment materials and rock materials carried out by

PIDC-1; it is concluded that construction materials excepi for concrete aggregates are easy 0

“obtain and that their quantily and qualily are of no problem. On the other hand, according to
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the field investigation result by the Sludy Tean, extensive weathered fayers of the basaltic
rocks and sedimentary rocks as well as colluviany deposns distributed within a few kilometers
of the damsite can be used as core materials. The soil mechanics analysis shown in Tables 2.2
and 2.3 indicates that optimum water content of the materials is 2 to 7 % welter than natural
water content. In addition, excavated materials produced during the period of construction can
also be available for core materials. On the other hand, fresh basaltic rocks and massive

“sandstones can be regarded as rock materials. As filter and concrete aggregates, crushed basalt

-and sandstone should be proposed to use due to (he reason that only small amounts of sand and
gravel can be found at and along the edge of river course locally.

I udgiﬁg from topographic and geological conditions, a rockfill type can be recommended for
the construction of Dong Nai No. 4.

2.4.4 FuMieng

The dams_i'le'is located in the gentle and undulating hill. As shown in Figure 2.5, basement
rocks distributed at and around the damsite consist of mainly fissile shales and sandstones of
Ban Don formation in the Mesozoic-Jurassic.” Small sporadical outcrops, slightly weathered,
are recognized on the brink of the present river course around 500 m upstream of the damsite

and at the bottom of small creek crossing the left bank. The bedding planes strike N20-30B :
- “and dip nearly vertical with downstream-ward tendency, and are in a direction atright angle to,

~ the river course. Flat strips along the river are identified as stream terrace, covered with thin
~ layers of alluvial deposua Basaltic rocks of the Neogenb Qualemary lie on the top of bath
banks spr cdmg in the area higher than 70 to 80 m in elevation. No fault except for a largc
j scalc fractured zone can be found at the damsite.,

: 'Fhe foundahon condmons of the damsne are not adequate for a concrete gravily type dam
because of thick alluvivm and coiluv_mm unconseolidated deposits as well as extensively
weathered layers more than 20 m in thickness. Fresh rocks may be impermeable, but the
weathered layers have a tendancy to show high permeability duc to open cracks. Thus,
possibility of the leak'ige from the reservoir flowing through the basqlllc rocks is conceivable.
Accordmg to the geologlca! map prepared by the Study Feam lhe possibility of leakage can be

- considered small because the distribution boundary between basaltic rocks and basement rocks
is identified in the area higher than Full Supply Level of 77 m.

‘Embankment earthfill materials, such as colluvial deposits and weathered layers of both
sedimentary rocks and basaltic rocks, can be obtained from the nearby area of the damsite. No

: - appropriate rock materials and concrete aggregates cannot be found around the damsite.
Judging from topogzaphxc and geologlcal conditions, an ear lhf:ll type dam is recommended for
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the construction of Fu Mieng dam. On the other hand, farther detalled investigation is required
for the possibitity of leakage from the basaltic rocks.

2.4.5 Song Luy

“The damsite is characterized by spacious riverbed around 4 km long and moderately steep

abuiments with their slop gradient of 30° at both banks, Intrusive granite in the Crct'aceo'us,
hard and blocky, occurs at the right bank of the damsite as shown in hgurc 2.6. Shale inthe

Middle Jurassic has a welt developed beddmg plane and strikes NSO E and dips 70S. Rhyolite
of Don Duong formation in the upper Cretaceous and aplite in the Paleogene present at the left
bank. Basaltic rocks identified as lava flow in the Quatemé\ry cover the entire riverbed and
forin a small scale gorge along the present river course. Cotluvial deposits containing boulders
and blocks lie over the foots of both banks. No remarkable fractured zone like a large scale

“fault is found.

The rocks at the damsite show sufficient bearing strength because of slight weathering and no
strongly fractured zone. A major geological problem is the possibility of leakage from the
reservoir to the downstrean side through the basallic rocks and the old river deposits under the
basaltic rocks, because the basaltic rocks have horizontally continuous open cracks and old
river deposits consist of unconsolidated permeable sand and gravel. Their accurate distribution
cannot be defmed through thls study.

'Construcuon materials for thc_Song Luy dam are considered to be obtained easily except for

core materials. Granite which exists around the damsite can be designated as rock materials

: %md concrete aggregates. - Alluvial deposits lying upstream of the damsite as well as colluvial
* deposits and strongly weathered layers around the damsite can be used for embankment

materials of the transition zone. Since any core material has not been found around the
damsite, investigation to look for core materials is needed at and around the damsite.

Judging from topographic and geologicat conditions, a rockfill type is recommended for the
Song Luy dam. The further extensive investigations on the leakage possibility from basaltic
rocks and old river deposxls are required. Depending upon the 1nvesugauon result, a place
located about 2 kim upstream of the damsite would be pro,)osed as an allemauve damsite, at
which alluvial deposits composed mainly of fine sand are prevailing in the riverbed. _
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2.4.6  Damsites for the Water Supply Project along National Highway No. 51

Geological conditions of three damisites, i.e. La Buong, Song Ca and Phuoc Thai, for urban
water supply to Bien Hoa-Vung Tau industry zone were reviewed based on the geological
maps at the scale of 1 to 50,000 prepared by Geological Survey of Viet Nam. For the other
two promising damsites, Da Den and Song Ray, geological interpretation is referred to
preceding Section 2.3.

(1) LaBuong

‘The damsite is located in the undulating gentle hill about 20 km east-south-east of Bien Hoa.
The riverbed, 1 ki long, is covered with alluvial deposits of sill, sand and gravel. Besides,
both banks of the danisite are composed of fluvial deposits in Pleistocene. Quaternary basaltic
rocks are distributed at the right bank 2 km upstream of the damsite, and its upper layer
becomes reddish clay' due to highly weathering. The major geological problem is leakage from
the reservoir to the downstream side through the foundation of sand and gravel.

Judging from topographic‘_ aind geological conditions, the damsite is not suitable for hig]]_ dam

construction because of no stable abutment at both banks, insufficient bearing strength and high

permeability of the foundation. Therefore, only an earthfill type dam could be proposed and
- the dam height must be strictly limited. ' '

In view of hydrogeology, the foundation is evaluated to be a water bearing !éyér and also a

good ziquifér.’ Thus, extensive study to develop groundwater is recommended, instead.

(2) Song Ca | -

The damslte is located in the nndulatmg hilly mountain about 30 km southeast of Bien Hoa.

Two potenml SItcs ie, Song Ca:1 and 2, are under considération for dani conslruction.

- Quaternary basaltic rocks cover entire both damsites widely. In particular, fresh basaltic rock s’

exposed over the rivetbed of the damsite and forms small rapids. A major geological problem
is the possibility of leakage from the reservoir to the downstream side through the basaltic

“rocks and the old river deposit under the basaltic rocks because the basaltic rocks have
horizoma_lly cominuouns open cracks and old river deposits consist of unconsolidated pei‘nieable
sand and gravel. Accurate distribution of permeable lay’érs hasto )’ét be revealed.

* Judging from topographic and geological conditions, an earthfill type dam is recommended,
- The further extensive investigations on the leakage possibility through the basaltic rocks and
" old river deposits are required for further detailed study.
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(3) Phuoc Thai

‘The damsite is located in the undulating gentle hill about 30 km north of Vung Tau. The
riverbed, 500 m tong, is covered with alluvial deposits mainly composed of sand with layers
of clay or gravel. Besides, both banks of the damsité are composed of fluvial deposits in

‘Quaternary, which are almost the same as alluvial deposits in terms of material composition. A
‘major geological problem is the leakage from the reservoir to the dowastream side through the

Quaternary foundation of sand and gravel.

Judging from topographic and geological conditions, the proposed site is not suitable for high
dam construction because of insufficient bearing strenglh and high permeability of the
foundation. Therefore, onty an earthfill type dam could be proposed and the dam height must
be s'tri:clly limited. As same as the La Buong site, the foundation is evaluated 1o be a water
bearing layer and also a good aquifer. Thus, an investigation to develop groundwater is
recommended at the proposed damsite arca.
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3. HYDROGEOLOGY

3.1 l-lydrogoologi(*ai Conditions in (e Study Area

3.1.1 Hydrogeologicat Area

~ Discussions on hydrogeological conditions in the Study Area are based on the hydrogeological
map with a scale of 1: 500,000 and its explanation reference obtained from Hydro-Geology
" Division No. 8 anid information on wells collected from the water supply companies of each
province. Based on the assessment of hydrogeological conditions, the Study Area can be
divided into five areas, lower plain area, central plateaw area, granite-diorite area, coastal area
and mountainous area as shown in Figure 3.1. Following is the summary of hydrogeological
charactensﬂcs in each area.

(1} Lowerplain arca

: Thf_: area, sitvated on the eastern margin of the Mckong Delta covering Tay Ninh, Long An, Ho
*Chi Minh City and some parts of Song Be and Dbng Nai prdv_inces, is characterized by flat

terrain and is overlain by unconsolidated sedimentary deposits of Neogene-Quaternary ages.
' Among the sedimentary deposité, five layers, composcd.of mainly sand and gravel, are judged

to have ample aquifers and are shown in the ascending order of geological ages as listed below:

Syn{bdl‘_._ S . i ;Age

Qv EHolocenc aquifer complex . :
fQulm ' ~ Upper - m1ddle Pleistoccnc aquer '
Qi 3 | Lower Pleistocene aquifer
N2 - ~ Pliocene aquifer
‘NI Miocene aquifer

'vhm recharge sources to the aqunfers are mﬁllranon of rain and stream water along with

- seepage from unlined 1mgauon canals. It is furthermore inferred that the unconsolidated

: sedunentary deposits have a thickness of 300 m in He Chi Minh City and 400 to 500 m in Tan
An, provincial town of Long An provmcc

- (2)  Central pla!eau area

- The area, characterized by gentle hill and formed by basalt lavas erupted in Neogen-Qualemary
- ages, covers the upstream reaches of the Be River and some parts of Dac Lac, Dong Nai, Lam

ETeRT
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Dong and Ba Ria-Vung Tau provinces. The basalts are 20 to 100 m thick and can be divided
into two types according to the difference of eruption time as listed below:

~ Symbal _ Age o
B(Q; - Qiv) Ml(idlc Pleistocene-Holocene Basalt
B(N2-Q) __ Pliocene -Lower Pleistocenc Basalt

Layets bearing groundwater arc identificd as fissure and porous zones horizontatly extending in
the basalts. Besides, there are old river deposils, overlain by basalts and recharged by rainfall.
It is expected in the areas with these old river deposits that movement of groundwater is active,
reshllihg in high possibility with good aquifers in quanlity, even if possibility changes by
place.

(3) Granite - diorite area

* The areas, sporadically situated on the eastern part of the Study Area and composed of granite

and djorite, cover some paits of Lam Dong, Ninh Thuan and Binh Thuan provinces. Only’
fractured zones formed by fault activities and cooling joints are identified as aquifer and are
rccharged with rain water, so large scate dcvelopmem of grmmdwaler in the area is not -
recommeindable due to the limited areas of aquifer.

4 Coastal area

“The area, overlain by Quaternary fluvial deposit such as clay, sand and gravel and also sand
dune along the 10 to 20 km wide seashore, éovcfs south of Niﬁh Thuan and Binh ’i‘hliah ‘

provinces. The Quatemary deposits with 20 to 40 n in thickness are Judged to be a small scale |
ﬂqu:fer in terms of thickness.” Furthermore, annual rainfall of more or less 1,000 mm makes

hard the largc scale development of groundwater, but limited use for local p_eople. In addition,
salinity intrusion from the sea to the wells is also reported tn Phan Rang.

{5) Mountainous areca

Tlie area is characterized by the mountain range formed by Crelack:ous-Pernﬁa_n sedimentary
rocks. - Aquifer can scarcely be found in the area except for fissure zone and riverbed deposit,
resulting in léss possibility of arge scale developnient of groundwater.

It may be concluded from the above discussions thal Neogene - Quaternary sedimentary
deposits in Lower plain arca and basalts in Central plateau area form significant and possible
aquifers for fature groundwater development in the Study Area.
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3.1.2  Hydrogeological Stiucture of the Lower Plain Area

From a hydrogeological viewpoint, the Lower plain area can be divided into three regions, i.e.
Quy, Qi - and Q as illustrated in Figure 3.2. Hydrogeological structures of the regions are
explained by region as follows.

(1) Qvregion

The rcgioh, I to 2 m in elevation, is overlain by Holocene (Qqv) deposit composéd mainly of
clayey soit with thin layers of sand and gravel. Swamps with organic malters can be found in
many places, especially ncarby areas of river course. Qyy is 10 to 30 m thick on an average in
the region and has a tendeéncy to increase its thickness toward the Mekong Delta.

Groundwater of Qyy is inadequate for drinking, because of intensive acid and high content of
- S04 Aquifers, presentéd beneath Qyy, i.e. Pleistocene aquifer (Qq_ 1), Lower Pleistocene
aquifer (Qy), Pliocene aquifer (N3) and Miocene aquifer (Ny), are suitable for drinking,

Thie schematic cross section given in Figure 3 2 (Cross Section I1-1I") indicates that depth from
ground surface to the top of N; gradually increases south-westward and is estimated at
: 'ipproxmlately 120 nv at the centre of Tan An. '

() Qi.mregion

. The rt,gton stretching north westward in the centre of Lower plain area, is dominated by Qy.
:deposnts widely. The hydrogeologlcal cross section shown in Figure 3.2 (Cross Section £-I7)
indicates that thickness of Q. s 10 to 20 m in Tay \Tmh 40 m in Hoc Mon and 50 to 60'm
it o Chi Minti City. According to the investigation report on groundwater development in
lloc Maon prcp'trecl by Japanese Govemmcnt in the year 1973, five laye;s which are Quy, Qrn
and :_thrcc of flve_: layers i in 1 Nj, are confirmed to exist as available aquifer, Table 3.1

summarizes the characteristics of those five aquifers,

(3) Qregion

- The region is located oni the upstream reaches of the Saigon River and the Be River with an
: elcvatlon of 18 to 250 m arid is characterized by gentie hill with valleys formed by small rivers.
It can be estimated that sand and gravel of fluvial deposits of Qualernary age may be available
aqhifers, even if their thicknéss varies place by place. Due’ to scarcely ‘available
hydrogeological data, the development of these aquifers has not so far been made in a large
scale,
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3.2 Well Distribution and Present Groundwater Use

Well distribution and present groundwater use are clarified on the basis of the collected data and
hearing results from water supp]y companics in each province, SIWRP, UNICEF and local
inhabitants.

321 Well Type and Past Performance

Two types of wells, i.e. dug well and tube well, are widely used for domestic and industrial
use in the Study Area. _The'dug well, around 1 m in diameter on an average, can be found very-
casily in the whole Slﬁdy Area as private wells used in each family except for the mountain
region. Depth of the well is 5 to 10 m in general, but more than 20 m in the Central platean
and Coastal area.

Tube wells can be dwnded Mo two groups baswally, one is for water supply to urban area and‘

: mdustnal zones with 250 mm in dmmeter, 50 to 300 m in depth-and a capacuy of 15 to

50 w3/ howr. 'l_he other, for domestic use, is 40 to 80 mm in diameter and 30 to 40 m in
depth in general. ' . :

Table 3.2 shows a list of 4,425 tube wells in total drilled in Ho Chi Minh City, Ninh Thuan
and Binh Thuan provinces by the end of the year 1992 with assistance of UNICEF

- (Programme of Drinking Water and Hygiene in Rural Area), indicating that there exist aquifers

with high development ‘potential in the Study Area. In particular, Qg would be most “

'promlsmg for devclopmem lakmg into c0:151dcmuon qmnuty, quahly and conslmctlon cost for .
“drilling.. o ' : :

3.2.2  Present Groundwater Use

Therc is difference between urban and rural areas in groundwater usc, that is, urban areas, ‘;

where water sources are sought to groundwater for domestic supply, drill deep wells to strike

confited aquifers. I terms of quality, groundwater in the Lower plam aréa shows -
considerable ac;dtty and higher content of Fe for drinking, but that of the Central phteau area lS '
suitable for drinking. On the other h’md groundwater drawn from shallow aquifers is a major
sotrce of domestic use in the rural arca.

Shatlow aquifers in the Lower plain area have low pH and SOZ', resulting in low suiiabilily as

potable waler. Groundwater in the Coastal aréa is recognized to be contaminated by domestic
waste water, and salinity intrusion is reported in the wells in the Phan Rang arca. On the other
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hand, in Q; v region of the Lower plain area and some patts of the Central plateau area, local
people cannot afford to construct wells by themselves due to the existence of hard rock of
basalts.

Table 3.3 shows a tist of deep wells in operation for domestic and industrial use in the Study
Area, whilst Table 3.4 summarizes the result of water quality tests obtained from water supply
companies. Present use of groundwater by province is discussed below,

(1) Tay Ninh province

In urban area, groundwater exploited from Nj is used for urban water supply of three district
capitals; that is, Trang Bang, Go Dau and Hoa Thanh. Depth of wells falls in a range of 50 to
80 m, and groundwater highly contains Fe2+ of around 1.2 mg/l with pH of 5.5 t0 6.5.

In rural area, dug wells, 10 m deep, are widely used. Static waler depth from the ground

surface ranges in 5 to 10 m, and Q;is the main aquifer to be drawn. Groundwater is

comparatively acid and sulfated, resulting in less suitability for drinking. Recently, some local
-people have constructed deep wells of 30 to 50 m decp by themselves mainly for drinking.

(2) Song Be province

- From a viewpoint of groundwater use, the province can be divided into (wo areas; Lower plain
and Central plateau area. In the Lower plain area, grovndwater from N is used for urban

~ water supply in Thu Dau Mot, Thuan An, Bea Cat and Binh Long. Wells are 50 to 90 m

. deep, and water quality is co'mparatively good because content of Fe?* is less than 0.14 nig/l L
© On the other hand, in rural area dug wells are generally used, and the main aquifer stuck is Q.
A few local pe()ple in lhe area have mslalfed deep wells for drmkmg as well as those of Tay = ‘

Ninh provmce . -

In _thc Central plateau area, water supply sysiéné to use aquifer B(N,-Q1) have been

constructed in Loc Ninh, Bu Dang and Dong Phu, and depth of wells falls in a range of 80to
85 m. '

(3)  Dac Lac province

~“No avai!able data rehtmg to present groundwater use were collected In taking gwloglcal and
C hydrogeologlcal information into account, it is inferred i in the regton that water sources for use
are sought to suiface water except for deep wells drilled for local agriculture water use.

(4) ° Lam Dong province

Groundwater from B{N;-Q;) is a principal source for water supply in Bao Lam (Bao Loc), Di
Linh and Duc Trong excluding Da Lat. Depth of wells ranges from 40 to 80 m, and
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production capacity of a well is more than 15 m3hour. According to the water quality analysis
for the groundwater of Di Linh as shown in Table 3.4, groundwater is adeqguate for drinking.

Iri the rural aréa, dug wells are distributed widely with a water depth of more than 20 m from
ground surface. Shortage of water occurs in dry seasons occasionally due to further drawn-
down of water table in dug wells.

(5}  Ninh Thuan province

‘Shortage of drinking water in dry seasons is a seriouts problem in the provitce; mainly

resulting from an average rainfall of less than 1,000 mnyyear. hitrusion of sea water in the -
Phan Rang area and contamination of waste water released by focal residents can be found in
the wells sporadically.

(6) - Binh Thuan province

‘Shortage of drinking water in dry seasons occurs in the area as reported in Ninh Thuan

province. Groundwater cxplonted by deep wells is only used for water supply in Tuy Phong,
but dug wells are _popular at most of urban area and the whole of rural area.” n sand dune along
the seashore, groundwater exploitation with a small scate would be possible.

(7) BaRia - Vung Tau province

Grpundwaler from Ny is used for ilrbz{n water supply in Ba Ria, Vung Tau and Tan Thanh.
Depth of deep wells falls in a range of 40 to 50 m, and water quality is adequate for drinking.

:(8) Dong Nai province

From a vwwpomt of groundwater use, the provmce can l)c dmdcd mto lwo areas; Lowe; plain
* and Central plaleau arca o ‘ T ' Co

In the Lower plmn area, groundwater from N is uscd for arban water supply in B:en Hoa,
where surface water is a major source, and Long Thanh. Deep wells are 50 to 70 m deép and
groundwater is adequate for drinking with a g2+ content of 1 to 1. .5 mg/t and pH of 6.5.
the rural area, dug wells, 10 m deép on an average , arc used generally

In thc Centval plateau area, groundwater ﬁom B(Qi. Qw) isa prmcnlnl source for unban water
supply in Long Khaph, Tan Phu and Dinh Quan. Dcplh of wells is 30 to 70m, and
production capacily of a well is 15 m3/hour as estimated in Laim Dong province. Even withno
availability of data oh water quality, groundwater in the area may be suitable for drinking. In
rural area, dug wells are popular with their depth of 15 10 20 m, and shortage of water occurs
sometimes in dry seasons.
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(%) Ho Chi Minh City

A total volune of drinking water consumed in Ho Chi Minh City is said at some
800,000 m¥/day at present. Of it, 130,000 m3/day, about 16.5 %, is relied on groundwater
drawn from the pumping stations in Ho Chi Minh City, Hoc Mon and Cu Chi. In Ho Chi
Minh City, a total of 25 wells as listed in Table 3.5 are in operation at present with their depth
ranging from 11 to 118.6 m. Qu_nand Qqare main aquifers to draw groundwater, and their
water quality is adequate for drinking. In the subtirb and outskirts of 1o Chi Minh City, tube
wells with a depth of 20 to 40 m have considerably been constructed by local people for their
domestic use.

In Hoc Mon, a total of twelve decp wells are in Oper:i_tion at present with a total discharge of
32,000 m¥day. Depth of wells falls in a range of 124 to 200 m, and the major aquifer to
draw is N;. Since groundwater contains FeZ+t of 10 to 20 mg/l, Ma? of 0, 2 1o 1.0 mg/l and
pH of 5.2 to 5.5, some treatment has been perfor med ln Cu Chi, lhree deep wells are used for
wban water supply

: (10) Long An province

Groundwater is a principal source for urban water supply in Tan An, Tan Tru, Can Giuoc, Ben
Luc, Duc Hoa, Duc Hue and Thu Thua. . Depth of deep wells is 170 to 300 m and N, is the
_ _majbr'équifcr. Quality of groundwater is good, but Feb falls in a range'qf 1-to 3mg/l. Inthe
| rural arca, local residents use stored rainfall water in rainy seasons and buy drinking water
' during the dry season from l;CbI'iléTy to April as done in Mekong Delta. In general,
groundwater from shallow aquers highly contains SO4 and acid, so it is less suitable for
. drmkmg A few local people m the provmce have pumpmg wells with a dcpth of 150 to
k 300 m, T hpsc wells are tOllSil‘lle.C‘d on their own or at lhe colhboratcd expense.

3,23 Present Groundwater Use in Quantity

Accordmg to the dam preparcd by Hydro-division No. 8 and Geology Sub-Division No 806in

+the year 1993, groundwater with an amount of about 300,000 m3/day is lifled for domestic

~ “and industrial uses in the Study Area as shown in Table 3.6. In addition, groundwater used in

 the rural area is estimated at 340,000 m¥/day in the year 1993 as calculated below on condition
‘that water use per capita is 50 1/day, so groundwater with an amount of 640,000 m3/day is
‘inferred to be consumed in the Study Area:
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Province Population in the rural area _ Groundwater use (m3hjay)

- B o o (1993) Urban __Rural  Total
‘fay Ninh 770,700 14,032 38,535 52,567
Song Be 1,031,100 57,380 51,555 108,935
Dac Lac 189,169 0 9,458 9,458
Lan Dong 362,674 12,364 18,134 10,498
Ninh Thuan 371,200 1,200 18,560 19,760
Binh Thuan 656,300 1,490 32815 34,305
Ba Ria-Vung Tau 436,800 16,000 21840 37,840
Dong Nai 1,322,400 46,010 66,120 112,130
Ho Chi Minh City 1,123,800 151,808 56,190 - 207,998
Long An 548,910 3,544 27,446 30,990
T ﬂ;nl - 6,813,053 303,828 340,653 | 644,481

3.3 Problems in Groundwater Developmenit

Intrusion of saline water, showing its total dissolved solids (TDS) in excess of 1g/], appears in
Qn. miand N3 extending in the downstream reaches of the Dong Nai, Saigon and East Vam Co
rivers as shown in Figure 3.3. It is normally said that water is not suitable when TDS is 1g/l or

more.

The gr’oundWalcr with a high conceatration value of TDS is considered to have become
brackish due to intrusion of sea water, In Qq1-1i, the areas with a high concemrauon alue of

TDS thrust up. to Hiep Hoa and Cu Chi, whllst the uppc[ most intrusion area for N is east of :
Ho Chi Minh City. Furthermore, the arcas wnh a Ingh conccntrauon valuc of TDS spomdlcally |

exist along the West Vam Co Rivér and west of Cu Chl These are judged o be fossil

groundwater caused by the intrusion of sca water when sedunenta of Neogene- Quatemaay ages |
deposited.

It is reported in the Ho Chi Minh Cily area that salinity intrusion t6 QL was a serious
problem by the middie of 1960s. However, such intrusion as well as any subsidence is not
observed at present. :
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3.4 Decvelopment Potential and Possible Yicld of Groundwater

Development potential of groundwa.!er, equal to annual recharge of groundwater, is evaluated ' %
on the assumption that no groundwater flows into the Sh'ldy Area from the outside areas.

Annual recharge of groundwater based on water balance is expressed by the following

equation:

Pw = Rr-Ro-E
where;  Pw @ Development potential of groundwater
Rr : Precipifation
Ro : ' Runoff
E :  Bvapolranspiration.

A time duration of recharge to evaluate the development potential of groundwater in the dry
season, Pw, is assumed at six months of the rainy season due to the reason that rainfall in the
dry season rarely infiltrates into the ground because of dry antecedent condition of soils. Ro
and Rr are given from hydrotogical d_até collected in this study, whilst evapotranspiration, E, is
assumed at 3 mm a day. ‘Since 60 % and 35 % of the shallow aquifer in terms of ground_'
~surface area is brackish in Ho Chi Minh City and Long An province respectively, rainfall -
dropped in these areas is expected to become brackish, resulting in the exclusion from o ‘%
i dcvelopment potential of groundwater. Based on the assumptions and conditions mentioned

above, development potential of groundwater in the Study Area is estimated by province as

: summanzed in I‘ablc 3 7 tolalhng 61.6 million m3id'1y

' Possi_btp .yielgi of ground\vate;r ’is est:imatcd -at'0;6 times. of development potential of -
- groundwater by taking into account the losses through exploitation. Possible yield of |
groundwater in the Study Arca is estimated based on this assumption by province as follows:
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__ Unit; m¥day

Province Development potential  Possible yield of - Presentuseof  Present use

of groundwater groundhwater  groundwater  rate

Tay Ninh 6,287,807 3772684 52,567 0.014

Song Be 5,078,042 3,045,625 108,935 0.036
Dac Lac 6,895,097 4,137,058 9,458 0.002
Lam Dong 7,391,228 4434137 30,498 0.007
Ninh Thuan 306,328 124,106 19,760 0.107
Binh Thuan 7,934,593 4,780,576 34,305 0.007
Ba Ria-Vung Tau 3,260,289 1,956,161 21,840 0.011
Dong Nai 9,312,207 5,567,324 112,120 0.020
flo Chi Minh City 3,523,881 845,731 - 207,998 0.246
Long An 2 2712358 1081220 27,446 0.025
61,591.928 - 29805222 644,471 . 0.022

Note: ' possible yield of groundwater = Pw * 0.6
b possible yield of groundwater =Pw * 0.6 * (1 - 0.60)
2) p0531blc yleld of groundwalcr =Pw # 0 6 (1 -0.35)

Possible yield of grorindwater is estimated at some 29.8 million ni-"fday in the whole of the
Study Area, whilst present use of groundwaler is inferred at some 0.6 million m¥day. Asa

- result, groundwater use in the Study Area stays at a low rate of 2,2 % on an average, even
7 lhough Ho Chi Mmh Clty and Ninh Thmn provmcc show a hlgh rate of 24. 6 % md 10.7 %
‘, respeclwcly

: Hydm Geolog; Dw:sron No 8 also cshm'ited the devclopmcm potemlal of groundwater.

lhrough lhr, dry season in the Study Area as well as monthly groundwater ﬂowmg through the -
provmres in lhe Sludy Area as sunmﬂuzed in Tables 3.8 and 3.9 respectively. Since the
theoretical background of these derivation is not clear, these information is shown as reference.

3.5 ' Future Development 01l‘ Groundwater in the Study Arca

There is large room o develop gro'undwaler in the Study Avea, since a p,resealt grbllnd\vater use
of 640,000 m3day is only 2.2 % of total possible yicld estimated at 29,800,000 m3/day. In :
proposing concrete development projects of groundwater, detailed assessment on aquifer,
recharge and water qualily is however necessary at the site where groundwater is aclueﬂly
exploited.
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* Figure 3.4, showihg. the development potential of groundwater in the Study Area, is prepared
* based on the data and information obtained by the Study Team, indicating that the Lower plafn
and Cental plateau areas, where basalt extends, are promising for development of
groundwater, [n developing groundwater from aquifers of N2 and N1 in the Lower plain area,
an intensive study on optimum yield, changes in groundwater movement and influence to
surrounding environment such as salinity intrusion and ground subsidence shall be carried out
prior to development by applyiilg computer simulation moedel, since lhé aquifer with several
layers interacts to each other. | | n ‘

“The districts, where the development of gromlmldwater is recommended for their water supply
pfojcéts, m the Study Area are picked up on basis of its development potential and their
.demands as given in Table 3, 10. It is however noted that the districts not shown in Table 3.10
do not ncccssanly imply to exclude the development of groundwater for their water supply
‘projects. “There is another note that static groundwater table of shallow aquifers lying

downstream of the Dau Tieng reservmr has been raised after its complenon bcmuse of nmple 4

recharge by leakage from the reservoir and irv 1gal|on canals. Positive use of these gloundwater
will ease the burden to surface water on which agricultural devclopmem rchec; '
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Table 2.1  Geological Conditions at the Proposed Damsites (3/2)
River Proposed Basement Rocks Geological Conditions and Comaments
Basin Damsite
Dong Dai Ninh - Dong Duong Sandstone interbedded with siltstone is exposed at the riverbed and
Nai formation (sandstone the top of both banks, The weathered layer is 10 to 20 m thick,
interbedded with Rockfill dam is suitable, FPeasibility study for the project was
. . siltslone) carried out by the Ministry of Energy.

Dong Nai No. | Neogenc-'Quatemary Both abutments are gentle with a gradiznt of 10 to 15°, Soft rock
basalt Dong Duong | of Neogene is distributed on the riverbed. Geological peints to be
formation Neogene considered are extensive weatheting at both banks. Bearing
sediment strength and permeability of basement rocks on the riverbed, and

okler river deposits under basalt lava have possibilities of lakige.

Dong Nai No. 2 | Granite in Cretaceous | Both abuimenis are steep with a gradient of around 30°, On
Dong Duong condition that fresh rocks occur on the riverbed and the abutments,
formation concrete dam will be also included as a dam type alternative for

) ' constyuction,

Dong Nai No. 3 | Ban Don formation Two sites, Alternalive-1 and Allernamc-’z are proposed as
alternative damsites. Geological conditions at both the sites are
almost the same by showing fresh and hard rocks mainly
composed of shale are exposed around the riverbed. Judging from
the topographic condition, a rockfill type dam is recommended for

o Altepnative-1, whilst a concrete gravity type dam for Altemalive-2,

Dong Nai No. 4 | Ban Don formation Both abutments are steep with their gradients of 400 at the right
Neogene-Quatermnary bank and 35° at the left bank. The riverbed is 120 m wide. Basalt
basalt covers Ban Don formation around El 500 to 600 m at both banks.

Three faults have beén found at the damsite. Pue to the strong
weathering, rockfill dam is adopted.” Geological investigation was
carried out as pant of feasibility study by the Ministry of Energy:

Deng Nai Ne. 5 | Ban Don formation Geological condition is supposed similar to Dong Nai No. 4. The
Neogene-Quatemary slope gradients are 359 at ihe right bank and 30 at the feft bank.
basalt | The riverbed is 100 to 150 m wide,” In case of exposure of fresh

rocks on the riverbed and the abutments, concrere dam will be also

. . included as a dam type for construction.’ ‘

Dong Nai No. & | Ban Don formation The slope gradient is 259 at the left bank and undulatmg gcntle

' stope ranges a1 the right bank. Rockfill dam is conceivable
because of 500 to 600 m wide riverbed, deep soft foundation on
L : ' . | the riverbed and extensive weathéring at the both abutments,

Dong Nai No. 8- | Quatemary basalt Ban | The damsite is located at gentle hilt, Judging from’ field

‘ : ‘ Don formation reconnaissance, basalt occurs a1 and around the damsite because
hard bouldees of basalt are widely scaitered on the surface of the
left bank. Sandstone inierbedded with mirdstone appears on lhe
riverbed 400 m downstream of damsite. Due to extensive
weathering at both abutments, existence of old river deposits under
basalt and pérmeability of the porus basali, a poSSlbI‘lty of

. . leakage is high. Rockfill dam is acceptable.
LaNga | TaPao Ban Don formation The riverbed is about 2 ko wide. Fine sandstone interbedded “.uh

(LaNgaNé. 3)

(Sandstone m\ezbcdded
with mudstone)
Granite of Cretaceous

mudstone is distributed about 500 m downsiream of the right
bank. Granite occuss at the Teft bank but its accurate border with
sedimentary tocks is not clear. No fresh rock can be fonad at
damsite. Rockfill dam is sultable because of thick river deposn
and infensive w eathenng at both abutments,

Bao Lam

Granite of cretaceous

The damsite is located at the narrow valley with a slope gradient of
around 30" at both banks. Granite of Cretaceous is predicted to be
distributed. 1f fresh rocks can b found near the surface without
extensive weathered layers, concrete dam will be also discussed as

an alternative of rockfill dam.




‘Fable 2.1

Geological Conditions at the Proposed Damsites (2/2)

River Proposed Basement Rocks Geological Conditions and Comments
Basin Damsite
Be Can Don Bzn Don formation The damsite is in undulating hill with their maximum height of
{Ciayey Schist) 30 to 40 m above the river bed. Clayey schist occurs on the right
Neogene-Quatemary edge of the riverbed. The strike and dip of folfation are NIOE -
basalt N25SE, 60 to 80 SW, respectively. Due to the topographic
condition and sirong weathering of the left bank, earth dam or
rockfill daim is conceivable. Outcrop of basalt excluding its
boulder cannet be found around the damsite,
Fu Mieng Bin Don formation The damsite is in gentle hill, From a geological point of view,
(Con Dori 3) weathered layers such as residual soil and deconiposed rocks may
. be thick. As earthfitl iype dam is acceptable.
Phuoc Hoa Néogene-Quatemary The damsile is in plain composed of siltstone and mudstone
deposit overlain by coarse sand with gravel. From a view point of
topography and geological conditions the dam height is strictly
limited. _ .
Coastal { Ca Giay Dong Duong formation | The damsite is in undulating hill.” On both sides of the river,
Zone terrace develops widely. Hard rhyolite with joints occurs at the
riverbed. Field reconnaissance tells that the weathered zone can be
expected very thick at both banks. Rockfill dam is acceptable,
Song Luy Granite of Cretaceous “The riverbed is about 40 km wide. According to the geological
Quaternary basalt map, grarite presents on the right bank, shale, rhyolite and aplite
on the left bank and Quatérnary basalt on the riverbed. From
‘topographic condition, rockfill dam is adequate due to Quaternary
deposits covering basement rock in the riverbed and pcn‘neabnluy
of basalt and older river deposits oveslain by basalt.
Song Ray Dong Duong formation | The riverbad is around 60 10 70 m wide. Sandstone interbedded
Granite of Cretaceous ~with mudstone and intrusive granite can be found 100 to 300 m
Quaternary basalt upsiream of the damsite.” Both banks at the damsile are covered
with basalt betaiise many hard basalt boulders are scattered on the
left bank widely. In spité of fresh rock exposure on the riverbed,
rockfill dam can be acceplable due to extensive v.eathenng of both
; . ' banks. )
Dalxn Neopene-Quatemary The damsité is ch ated at the edge of Undulalmg hilt: According to
: deposit : thz geological map, basalt may be distributed at and ‘aréung the

damsite.- From a wpographlc poml of view, the dam height is
strictly limited.

&



*S[QEPUSWLIOIDI 1SOWL ST 7 'ON NS «

008 eLe o0l X 7%l - O XET- s o & -=OnIp- ~onlp- £ ON
120°1 19T o0l X ¥¥1 o001 X-1°C - <l -outp- -onrp- TON
. CPup wgy) o . Co NP0 MTSUICP WO
Ll $s 89°T QI X I'T L X9LL 00X £°L glegl anresty WA QT 01 91 [ "ON
(ALoDyy HEY  (9p) AlSOIO  ([Wd/5) 21 ANGE[TEAY [eRu0d - (W) 2wno > - c.& u&,uﬁomﬁ..
SAINAoL (o) 3WnOA [BLIAITIAL X0 S upInQIsAD . S[CLIDICIA uoneT] ON IS

¥ "ON 1EN Suoq oy oug E_._Eo Jo wonipuol 7T AQEL

e e



- "3TBIDAR UE UO MOUR WL () ~ 170 ST SULISACD UONEIAEIA

251 Ll 950 95T %7 . R T "ON J9ATY
01 X 1T 951 Ll 97'0 87T 0T 28 : 0T Z 'ON e
| ~omp- A IWUED
JO W [ unpItm
neq sy € ON
901 X 9°S 08’1 61 170 X4 61 . S €T g£roN ke
| : 01 X 19 A A .
W01 XS 1 o1 220 9z 6 U 6T ronseAtT
‘ A surep
ﬁ;z&@éﬁ A 10 WY [ UMM
Amounpes AURQYsT T ON
0l X 99 6T $i zZ0 s¢ 01 X 8% ¢y posouuseg A - TSURED
: T S oy 1w
. S uequuBry 1 oN
@Gaspud) N (WO 54 (@ GURESN D (p)idom (%) UM W) o wy
EETES G . WROA SSIUNDIYY, S[ELNEN uonEIoT ‘ON S

7 *ON TEN JU0(] JOJ BV M0130g JO nom.u,_ﬁco‘u.‘ €z ﬁ_nﬁ I



J0USPISI [EOO0] 107 PIST ATUTRI OXE J] - ¥ pUEy-Y

WD 3FeI01G - S
1210000 AIIqraniIag | X IDI0N
1U2UOI [RISUIW _ . N P . N
A8y Jo Apqissod (9 UBL) 210U 0T - OP1| AT PIm pues -oup- A-Y
| N - FE ] ) BT
-OlIp- " 0T-S1| 0TI -001) - -Onyp- - -ontp- Al-V
R S [PARIS @
by 1us|p0Xg| $-QIXL6  TOIXY6 Sy-0ul  06-0S Sull WM puTy -Outp- N-v
) . b I-vopuel-v
u22/M19q I948] _
I-V ditas puodsanio) 0 erqeewssdmr vl (1O - 10)
AJ[BUOISEI20) C1-0Ll 0¥ -(0T| 1oAelS pug pueg)  pIumuopd n-v
N S B AISTE] pue (O
SHoM MOTTEUS AURIAT _ c7-¢1 07 -0 Ae ‘pues SULIf POUNUOIUN -V
_ S (09s/wo) USUIPUCD) Ionnby
210N _ S : . ANON _ _
satuadorg (e) ssowoy ! (w) yidagy - 1eoor09n JoodA1| ‘ON Joymnby

TOIY UOJN 90K 93 U A1GEAOIAXF SRYMDY T°€ AqRL




Table 3.2 - Number of UNICEF’s Wells Completed by the End of the Year 1992

Province District Number of Wells Remarks

Ho Chi Minh City ThuDuc 713
Hoc Mon 658
Binh Chanh 610
Cu Chi 433
Nha Be 12
Tan Binh - 216
2,854
Ninh Thuan Phan Rang ‘ - 295
Ninh Phuoc - 158
Ninh Hai 3
456
" Binh Thean " Ham Thuan 245
: © .+ HamTan : 78
Phan Thiet : 217
~ Bac Binh S 280
Ham Thuan - 128
- Tuy Phong 94

" Tanh Linh© - 77 -

o AR D T S R L

CTotal ¢ S A4S

| ‘Source: Hydro . Geology No. § - Géologj Sub - division No. 806 (1993}



€l suoyg Any} wenyy yuig
] | RN, quIN
U €1~ ST [OAD] IDNEM Ov0'l I ZL-SO ¢ Suo1], angy o
UL §Z-T7 ST [OAD] 0TEM o7 | 181L | ¥ qary 1
"PoA0IISIP FUE ST OML _ -
WET-TL ST A WBIBM (1O - TNG) HESmE| 8788 | /LS | L1 s0poeg| Suoqwey
oeToeqg
-OIp- 0TI S8 ¥ nyd Suog
-omp- 0Z1 - S Sueq ng|
"pokonsop st [em 2uQ (10 - ZNE) NEseg] 008 08 | T YN 00T
-onIp- 00S | -$909 | --T- Buo yurg
-ontp- 00S | 0905 |1 ep wag!.
-On1p- 000y | 06709 b wy uenyy
-oxp- 000§ - | 0605 | ¥l flowneqnqrl og Suos
! -ontp 059 08%S | .T YUBY L, BOH
-onip 000’ | 08¥S | T neQ 0D
-ontp 006 08¢ 4 Sueg Suey
Arddns torem soepms ‘tonelddo ON|  (ZN) puEs 0 0LSo .| .8 quin Aer | guy Aeg
. - (Repi) | () qram | s{jam
SATeDY Jaymby yo 2dAy, | o8reussiq | 3o wdag |30 tequunN 19108 1Y 2OUIACL]

(2/1) €03V APTGS I3 TI'S[} [ELIISAPU] Pue dISIWO 103 S[IoA4 4O JOISIT €€ Qe



~ontp- A Ore-0TT I CeRL YL
-onIp- v 00T [ any ongQg
| | -ourp- vT 1 OLI-001 | 2OH ong
DIAOLISI(Y -0Jp- uonerado oN 0SzZ 1 ‘onmueg
| | -onIp- 0T1 | 00S0LI | 6 son1H ued
-OuIp- L Ore 0CTT00C | - &£ uy ugy
-ORIp- 000'¢ | 08Z-0ST 9 uy ugl| Uy Suoy
-ouLp- 088'Z , € oo
(ZN) pueg 000'Z¢ | 00THTL | - T UOIN 20H
o . A1 A
uonesado ur weunta1y, (ZN-IIO) PEES | 000E [9'RII-II1] ST | UUIA IO OHEWIA D O
193nbY U307 ~ORIp- 09¢ Q¢ -9 uend) g
Iopmby oYXy -omp- oSt 09 ¢ ngq e,
{enusiod 951er *Aipenb 11em poon)| (AT-IOY) eSEY OTL 0L-08 L yueyy Suo|
[19m Uoes JO SFIRYISIP (TS| (Z-1{) SIS 761 0L t - 20T UBERY
| | - -ouip- 0ZL 09 0T yuey, Suoy
(/1w 6 1-1) +we>d| - (TN) pues 08y s 7 eOH-uRIg!  reN SuoQg
: 000°¢ 05-0v - queyy uey o
(ZNYPUES | 000°€T | SyrOv . nel Sunp e,
TO-AID) PUES | 001°1 0v-0¢ 61 UMO B BY BUNA-ELY BY
o o | (Aepjgwn) [(u)Tea | SIEem B
SHIBWDY Joynby Jo odA L | oSreyosicy ! 3o wdoq |10 IaquIny 10DSIg DOUIAQCIG

(/7 eV Apma§ 43 Ut 55(} [CLISAPU PUE JBSIWIOG 107 SO .o‘,wom J0IF] TEIIqeL




m.|.§_u. o7 0ol - - FAl - z! 88 .S.o I - s _ - .H,m.o..:“ |- #'% .ﬁzvvﬁm”.ﬁﬂmﬁiﬁ. . LL ﬁ_z@hwnszzh
_ _ /N
-onrp- L w 9 - - w0 | - v t| ¢ - ol z od 0 (ENIpURS | - gt dog neg nyy, | og 3uog
m _ _ _ - a0 fuog
-omp- Ui o9 [ v oy RO T R I < AU B < A T 1629 vz g | we
I : QUi
oup- | - - - ! - lsoo | - | -] - - - - s |- el s |@nOWws | g6euer 8 | WOOH
-ontp- . - - 70 0zot | - - - . - - Bwgw |- - TS | (popws | sgeung o0z -onip-
0 | oy 60 o 0 croieso | se | vo lez | o] st - . 0 €51 | 8% | @NPURS | £L-TUN6T <6 -onip-
.S - - - 810 - - . -1 s - .§.. - - rs | mowess | s -onp- LU
%08 T ! szo | oTs | s o | st jeey - ots W6 | oL 0 0 ¥'e £L-A24-8T | dwems SO 20H | WDOH
{ AlTAll SSou o ) ) ‘ . - = -
| onp | -prey _ . s 1. E : «hy | amg wda | dud |
JON | w0 | IMOL L 4HN | KUK | RIY | 4Ad | 1N 4P 2D [ AON | 08 | 708 | D | 0D |00 | Hd symdy Sundums | Suydums | Sendues| 2oumoid

SISO, AENY 0eM JO HRSIY . $°E IIQEL




@

e ST S ] LT | 98L [ 066l 1 HANIENVLO vl O1DONOAH HNJENV.LO 81d D 33

01 st 0 | §82 | 600 | 6361 |ANVHOHNIS'OVINY NVELIHL'SAED|  NVAX HNIKITO 52

w 8 5T 09 | TLT | ov0l | 6861 1O DNONA ONNE-0E/9E/T6T ST0MdD 174
8 174 05} 9T | 811 | 886! £L 'NVAD ONOT OV '0v1 WIH ENIE NVLD '6d0 4

ot 52 9T | 9T | & | uel .. HNIE NVLD '81d ‘S2/IT - VOH OHL NHd'D 1T

91 3 0 | vvr | U | usl AD"NOS IVHL NIANON 01/361 VA OO NIVA AQHLD | 0F

91 % SEL | 9T | Sy | s961 | 10°I1d'dLYOHNYAAD . YEJZNYAOVLD 6t

g z 0zl | €81 | §t5 | 961 | HNVHLHNIZ'ONOTONVELONSIE?T N3HOVED 81

E: 82 ovl | 912 | 9°SE | %961 | HNISNVL'Id'ASNYATTIST AY HNDA ONOMEL'D | L1

8 92 9L {91z |"$9¢ | %961 | _HNGENVL'Pd'LVHNNOSNVLES | - LVHNNOSNVLZD {

8 7 el 1 TTL | €48 | 7961 | - -TIO'SId LIDI ONONHL AT EL 19T YOG ONOAYL'D | St

91 ze €91 | €12 [ ¥SE | 1961 | 010 id LI ONONHL A1°008 T IVOHL NV NFANONS . | 1

8 £z €51 ] 91T | SLE | 1961 |- - - 01D FId TE ONONA 391 NVOLDONONVEL'D | €1

8 57 S€U | v | T | 856t 01D 01d'T-¢ ONONK S8E £ NVOLJONDNVUL'D - | T

91 52 olt | zsz | 660 | 8861 010'Y1d '€ ONONG Z INYOLDONDNVNLD | 11

3 o€ ot | €1z | s | st T10'Ld “LITH ONOAKL AT 651 OLIVEL ATD or

WYELIVL] 9t 82 Olr | 81T | L | 561 10114 4L YOH NVA AD Ad NZANOND 6

WOE YD AVA ONO NZYLNYDL 01 0t RS (A S B -£0 NHJ NIIE NIIC-SLND D09 LAXNANVATTD | 8
ULV YD NI NRIEINTAV VI 8 ot 05T |- €2 | v9r] 161§ TIOVIONTXONX NIIA NOAEX | T OBLNHSD L
AVN ONYE ONONL IHODNTAY| 8 57 69 v | 8§ | 6v6l | . . .NVNOENVHLNIANH VE 68 NYID HNYEL NEANH ¥ED] 9

. . o 91 0¢ Q01 A 5 I OV VT IVENHNONJHLON ST | ALJYHL ONOH'D s
DNON HOVIN DONN BHLNVO ONAID| 8 4 € | T9 | W | el | NOWDOR'NVNIMLOZ NOW DOH'D v
$ 8z L viz | 9Tee | g6l €0°$1¢ 'VNO HNILHNANH S ¥YN2 HNLL HNARE'D 3

_ d{ $L ONVONDOULWOTZ| 8 e 05 | 96EE | sl | 1D 'OVH VAL NNTIHLIVIN TS ONNHE ONYJ WYHED 4
DONN NHL NVOONZIO O 4T 0f ovt Colret | oszet T dVA-0D 64 'TI0D NVS dYA 0D FOVIAYD 1

SMOY | ..(ul} peay yeuwn (W) - {w} ! Swppmg: . T o
STLAIIOD) Sunpop, | owmewouwepy | moly | wdeg [wesg | Jo T (veng tsquonpy) surep ON

m m dumg | mom - ! ®Ip _ ©UOHTOY Py

(PIoy WO\ 207 TwpnIXe) A YUIA 14D OF Ul Uonead o ur SRy 40aqt 0381

seoeL




(g661) 908 .oz‘EWE?%mRoEo,m "ON TOISIAID AZ01035-01pAY

1201008
‘nsor Aprus 01 Jupioaor wea ] Aprig VDIf AQ pasiaaL 21% 8oL JWOS i
| “Kep/w 80.2_- Q0T JO SSIRYOSIP SURDW |] S¥BID Lo
.@v\mw: ooo.o 1 cﬂ.nw oko.a_m ,.wo‘umwwsuz% SUBIW [ SSB[D) * 2DION

878E0C S618T  19TL8I 00€ - |LLESL LESETL . |€69SS . 1000T. oL
pse s o UY U0
1808161 00¢ 088YE 89719 loogss A210 qUIN 140 O

01097 601ST  |roze | <0v8 1€761 _ reN Suoq

00091 | i 00091 ney, Sunp-ery g

06t 1 07z 0Lz looz  |oos wenyy, yuig

00Z1 . 100z1 ey, quIN
1vosTr YOLT! Suoq ure]

0 JETORQ

08€LS 90821  [SSIE 00001 198Z1¢ -~ - ecl og Buog

TE0v1 058z 81t YN Aeyl

IBreydsiq 1 osUWO | ol AIOTND | gw!IN GIN 1O IDTIO L | AL .
SHIBWISY ;0L PIEQS BULIESq IoleM JO $adA], S0UIACLS
(Aep/ r 3tun)
BALY ADPTIS 2UL UL 44 ] PUL ;4] SSBID JO IBIeyosy(] ISIRMPUNIOIS JO JUNOWY WISl  9'¢ 9[qR]
B 6




B | @

.:ﬁ&ﬁ ﬁsn.ca 30 %08 mw DRIE[TOTED ST UOSEIS AUTRI 207 IIBJUIRY  sepnox

| | ‘Kepfuaws € 18 vnﬁ_ﬁﬁmo st coua.ﬂﬁmnwﬁoaﬂﬂ Sk

| TZE PUT] [2201 S PO BETE

paz vaﬁ [e102 912 3O %0 L o

.....,mu.ud DUB 21t Uﬂu IO%TET *
S690'El  |0'826 16519 [0'SLOPS0 ISHTT (0000 CYETLIOT [0 6Lr6ISIITEE | 005 TICUUS I8 olLyEY To0L
CSYTL (OSSETLLT |0S:0IGTI0T [00000LLT0TT  |O0L6 19658 [€0  |UBIOLSTES0E 07181 $STT wen Y S0
£999't EOTOOTE |00STI6E T 0000 POSISOT (0TS TS e - |0TSS 904360 107698 99561 | meLBuma-ngeg
TRSST {OLOTEIES |0SLI0LS66ES [00000LLIOTE  [0BORONTIES Y |50 loms st josere r98's e S0
TROST {OMELITY |OSHTGHSETT |00000080LIT [0 LSSTIEOOGT (€0 - |0008'091°ZEY' (0288 0020y Ui Aol
§O9VL 09506 LTI IO (0000ILFO'S |00 ESaSere fs0 O'ST0LS TIL'SL {0'EIET v'615°6 g uos!
TSEO'T  0ISEETSE |OEEP'IITITT [GO00TILSTIT 0BT GRY' TG €0 ot Lerosse (0688 £060'T | A UUIA 18D OH
5186 USITIGCL [0TITIOLLEIT |0000'88900°r  0'SLLTTI'866'9 (50 |or00085TE0L ST 0°0ST'T TIESL ~nBUOCT WY
0's6L° CLOUSGES [OSEEOILIST |0000BTHOT  [UEIEHLILEY D (S0 1090S°CEr9T0'6 [0S9LT (TIs'e #TT %G
8766 0E6VEEL [0PTULIO68T |0000089'SIE Y |UDIEBEHTITE (€0 - {00YY ST ST 0L VST 10266 wwnyy g
68 09TNE  {OSSEIGETIL  |000OIYTSS T |0L9EL0ETSS (€0 lozsLv109167 0000'T 70E'E uengy, quIN

NgunyAep/ud)|  (Avp/cur) (reak/cw) v (TTOA/E W) (Rakfgun) 1 {uryjouns) | | (TROA/CW)  wmssn (REDA/WUL Ty
|sormmpunosn | semunors | soempuncsn  |uonesdsuznodeag _........Ho>..«.«ocam ..,u.ﬁooUM..uoﬂh.nm_ TOA TR .Mﬁcamﬁgcaa Ty oy

aay ApNIg U7 Ul DIVMPUNOIL) JO [BU30G JUSWCOPAIT  L°E qey,




: Ammms ©Om "ON coz:% ang mmoﬁu@ w "ON] UCISIALD >m060O o.ﬁmm 201008
orem Krurpes 84 < as .w *I278M YSIYORIQ M\m -5 1=QS.L
zovens ysproexq Apulus /S ¢71-1= ST zavem ysaid 18 [>QSL
2OUIAOI d yor2-Jo s12jtnbe oEwE nomﬁom uowmawgsopa 10 WO 70
ooSSH_ soqu nmso.Ep oc;pom .ﬁaavcno.% JO SWNOA [RI0L, IO
: T ewep uﬁmuﬁé on mﬁoE e DON
0ot & S AR £6 ¢or LZs (%)P1ey
1001 . £86£8¢8T 0T9L6L TTH99T TLILET QLTTGOLL |L1090FL £579896 oL
- - - - - - - - Uy SuoT
1 LSTLYET 8TLYLL 08€95T Lrlgvl LO6TLLL LOSSYYT 0EIvZe R3O qUBA 14D OH|
6'¢l 86ETOCT TTeel 8968 9S6L TELTEST 1L96V8L S8LLYLY | reN Suog
o'y (R4 0LS6 PLOT 3091 8SI8T8 |ToLILy 196L96€ ey, SunA-ery eg
6’8 [S68T91 0809 | TII89ST 0£9528 [8YTr0] weny L, quig
3 YOYSSS 029€1 |PP8IPST 00801 I8EEy WERYL YN
961 061009¢ -|061009€ - 18811y T006LIE suog wey|
} - - - - B - - Sgieiled
9Tl €T811ET |€T8TIET . .%mhom 144272 og Zuog
1< §6L5¢68 S6E9E6E YOPBILT T66L121 N Arg )
20+10 __ 70 10
(9 )02y [E0] yP>aSL  |P>dS1>S51 (S >asL> 1 o I>dSL
21ens mﬁaop Io1em JO SAY, . QDUIACIE
Qﬁﬁ\mE un)
8 *ON TOISIAIQ AJ0[0a5y-03pAH £q pRPWnsy voJy Apm§ oy uy
UOSEIS A oU3 GONOIY} JNBMDPUNRCIS) 1O Eﬁnﬁ_o& ,E«.Emﬁgon geolqel
e L e



(€661 VoOM "ON noaSﬁ qng mmoﬁooo g "ON] UOISIAIP A307090) - OIPAY *22mog
2IED S[qLIICAT OU SWENT , © SON

&0vT v0'1T WE'OE [PI'RE IWEOE |T¥'SE [OY'IE (¥9'LT [TSOT |§9°6. [99°T1 HIv'El 6LET TeI0L
- i - - " - T A L RO by - AUV BUOT
€80 €LO j9TT 19TT (9T {9TT 60T {190 iSE€0 - |60 WO |9¥0 (s8¢0 A0 YuIA 14D OH
€'y LS |99 |v69 |pS9 ivse L9¢ 8TE W81 irT T |sve reN Buog
660 LG ST IST |IST [ISTT 46T GEL0  1TH0. T 0 i8F0 9570 - [£S°0 el Junp-ery Bg
19°¢C 1977 16 |6¢ 6 |6€  18€'C 68T ¥l - WO ST 'l 8vL uenyy, yutg
8071 $60 P91 p9T (P91 9L TV 6LO OF0 EV0 (260 |90 1290 Ut YUIN
(LY 69 |S6TIT 8611 (S67IT (66711 19¢ oH 85 19€C LIS [8E {Iry |ESTY Buoq wey
- - - - - - - - - T - - o' 02
€eE 167 (W0 LS 1T0S |TU9 9y ppT Tyl pe’t 791 (981 167 ag Suog
3 79T {TSv |LES T8y (S lg6T |[TT L T 1 S A S (At qUIN A8
3RIBAY AJQUON | 99 | AON | 120 | €9 | Bny | Amg | ounp | Aew oy | 1w | Qg | uE( DUIACLT

Aep/ 01X EITi

§ "ON UOISIAI(] A80[020)-01pAH] AQ PajRLISH
LIay \€3w Y] Ul SNUIA0LZ ¥Y3 ncnouﬁ Suisory JIIBMPUROLY) bﬁro? a € oBm AN




wed L ApmS VOIT Aq parewinsg » 90N

1/3W ¢0<+7o4 00€-0ST S osemm- 1 sowmp- [ 90RQUED|.. . UV 3u0]
-ontp- 002001 0§ [(INZN)PWES | - OID UEDND YUIN M OH
|  {ADTIO) wEsed| SR
omp- 0809 - [ §T | o@pews | wuNSuwoul| N fuog
ourp- 0809 - | - SI - |(AD-TIOQ)eseg SN wakn e, Sunp-eny vy
18w €0 +7od omp- |7 somp- | comp- o} uwerpwd|
-ozp- 08-09 Co0g (o-zNueseg | . . vguwey . Svog wey
-OnIp- . -ORIp- - ~0uIp- Coeomp- - ) depyed ovT ov(y
-onp- omp- | -omp- omp- | - 125 uag
0's-Tr=Hd -onp- omp- -omp- | Steq ng
$'9>Hd '1/Sw ¢ o<+Zad 06-0L ST [(IO-TNQEsed | | qUIN 907
-onip- | 09-0S st @uemsl 0 uwkpuer]  og Buog
-onp- -onp- . -onp- . o-omp- - | wegdywer,
-onIp- - -omp- omp- | . uarg ey
§'g punoie d | R B
‘Aw £ 0<+zad 08-0L 05 | - @Pwms  |regd quiy Suong YUEN ABL
| w{anoy/ w) R I
«fatenb Iomem ndop oM s reusstp 0mstp
_ SYIEWOY oM jo Aroede) wpndy - i pasodory UWIACLY




	Cover
	Title Page
	APPENDIX ⅡTopography and Geology
	TABLE OF CONTENTS
	1. TOPOGRAPHY
	1.1 Topographic Condition in the Study Area
	1.2 Topographic Maps Available in the Study Area
	1.3 Topographic Surveys

	2. GEOLOGY
	2.1 General
	2.2 Regional Geology
	2.3 Geological Conditions at the Proposed Damsites
	2.4 Dam Geology for the Master Plan Projects
	2.4.1 Introduction
	2.4.2 Dong Nai No. 3
	2.4.3 Dong Nai No. 4
	2.4.4 Fu Mieng
	2.4.5 Song Luy
	2.4.6 Damsites for the Water Supply Project along National Highway No. 51


	3. HYDROGEOLOGY
	3.1 Hydrogeological Conditions in the Study Area
	3.1.1 Hydrogeological Area
	3.1.2 Hydrogeological Structure of the Lower Plain Area

	3.2 Well Distribution and Present Groundwater Use
	3.2.1 Well Type and Past Performance
	3.2.2 Present Groundwater Use
	3.2.3 Present Groundwater Use in Quantity

	3.3 Problems in Groundwater Development
	3.4 Development Potential and Possible Yield of Groundwater
	3.5 Future Development of Groundwater in the Study Area

	TABLES


