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PREFACE

In response to a request from the Government of the Socialisi Republic of Viet
Nam, the Government of Japan decided to conduct a master plan study on Dong' Nat
River and Surrounding Basins Water Resources Development and entrusted the study to
the Japan International Cooperation Agency (JICA).

JICA sent to Viet Nam a study team headed by Mr. Masashi Yamaguchi Nippon
Koei Co., Ltd., (four times between September 1994 and May 1996).

The team held discussions with the officials concerned of the Government of Viet
Nam, and conducted field surveys at the study area. After the team returned to Japan,
further studies were made and the present report was prepared.

I hope that this repori will contribute to the promotion of the project and (o the
enhancement of fricndly relations between our two countries. '

I wish to express my sincere appreciation to the officials concerned of the
Govemment of the Socialist Republic of Viet Nam for their close cooperation extended to
the tcam. ' L '

August, 1996

- Kimio Fhjita. |
o Presidemt
* Japan International Cooperation Agency






August 1996 .

Mr. Kimio Fujita

President

Japan Intemational Cooperation Agency
Tokyo, Japan

Dear Sir,

Letyter of Transmital

We are pleased to submit herewith the Final Report of the Master Plan Study on
Dong Nai River and Surrounding Basins Water Resources Development. This Report deals
with the formulation of master plan for water resonrces development in the Dong Nai River
and its surrounding river basins. Studies were further extended to the master plan projects
setecled in this study taking into consideration not only economic viability but also
contribution to the regional development and spatial distribution.

The Report consists of 11 volumes; Volume I for Executive Summary, Volume 11 for
Main Report, Volumeé 1If o X for Appendixes and Volume XI for Data Book. Main
outputs of this study are presented in Executive Summary. The Main Report deals with the -
general study of the master plan including the preliminary discussions for the master plan |
projects sclected in this study as well as the selection of prioriiy prbjec(s to proceed to the
further detailed study stage. Appendixes give in-depth discussions for rcspec'tivc study
items. Data Book compiles the result of land use analysis by landsal image, hydrologlcal
records and the result of topographxc survey.

“We would like to express our grateful acknowlcdgmem to the pcrsonncl of your |
Agcncy, Advisory Conm mmec, Ministry of Foreign Affairs, Mlmstry of Construcuon and -

Embassy of Japan in Viet Nam, and also to officials and mdwndmls of the Govcrnmcnl of
' Viet Nam for their 1ssns(’mcc and advice extended to the Study Team. We smcerely hope
~ that the results of this study would contribute to the regional development of the Study Arca.

Your sincerely,

G e—
1 _Masashi Yamaguchi
Team Leader
" The Master Plan Study on
Dong Nai River and Surrounding Basins
Water Resources Development
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1. INTRODUCTION
1.1 Background

The Government of the Socialist Republic of Viet Nam launched an economic reform by
proposing the Dot Moi policy, which gradually shifts from the planned economy to the market-
oriented economy, in the Sixth Party Congress held in the year 1986. Since then, econonic
development is rapidly prdgressing along with democratic movement in politics.

Water resources developritent is one of essential elements to pronmote economic development,
since the lalter can be attained by using electricity and water gained through the development of
the former. Thus, projects related to water resources have been developed in the framework of
the national devélopment programme based on the economic reform policy. In other words,
water resources development is seemed to have concentrated in the northern Hanoi area and the
Mekong delta zone to spur the economic development in thie nation. In fact a water resources
master plan study like this Study has been or is being carried out only in those two areas.

The Dong N‘n Rivér basin including Ho Chi Minh Clly isa pivot of economic development in
the southern Viet Nam called Nam Bo Reglon sitice major citics and large industrial zones
gather in the area. Therefore, it is desired for that area to make a plan of water resources
development aiming at not only sustainable economic development, but also narrowi_ng‘dow:l
of prevailing economic disparity and enhancement of social well-being in the region. Available
water resources are limited, and therefore this plan is desiced to be prepared in such a form that
available resources are efficiently utilized for such devélopmenl and mamgemenibbjeétivaS as

- hydropower irrigation, water supply, flood mmgahon and watcrshed managemcnt Sfthmty |
~ intrusion will be discussed as part of water supply in Ho Chi Minh City and its neatby areas
" and irrigation devclopmcnt in the downstream reaches of the Doiig Nai Rwer, thc S'ngon Rwu i

and the Vam Co River.

1.2 Objectives and Scope of the Study

““The Govemment of the Socialist Republic of Viet Nam envisaged to cairy out a mastfer plan

study on waler resources daivelo'pmem in the Dong Nai River and s sirrounding basins taking
into consideration not only national economic development but also regional development to
aim at improving the living standard of local people, and requested to the Government of Japan
lechnical c'ooperation in carryi_ng out the master plan study.

In response to the requesi of the Govennnent of Viet Nam, the Government of Jap"m decided to
carnry out the Study and sent a mission from Japan Intemmonal Cooperahon Agency (JICA),



the ofticial agency responsible for the implementation of technical cooperation programmes of

“the Japanese Government, to Viet Nam for discussing the scope of work of the Study with the
then Ministry of Water Resources, which became the Ministry of Agricullure and Rural
Development in November 1995 by merging three ministries, in March 1994,

According to the scope of work along with its minutes of meeting so prepared under the
discussions of two agencies as referred to Annex, the objective of the Study is to formulate a
master plan for the Water Resources Developmém in the Dog Nai River and Stirounding

‘Basins, which shall cover the Dong Nai main stream, four principal tributaries, Be River,
Saigon River, La Nga River and Vam Co River, and adjacent coastal river catchments (refer to.
Location Map) with a fand area of some 48,500 km?.

Another objective of the Study is transfer of technology on planning and investigation to
Vietnamese counterparts through their direct participation in the Study. In view of technical
cooperation policies of Japan, this is in fact an essential objective of the Sludy |

‘The Study was carried out over a time period of 23 months from Septcmber 1994 to August
1996. For the smooth implementation of the Study, the time period of 23 months is divided
- into three phases. Main topics to be discussed during the three phases are as follows:

Phases Major Objeclwes to Be Discussed . Period

~Phase I Inventory of Potential Sites for "“Septcmbcr 94 to March 95
- : Water Resources Development

Phasell Se_lecti.on of Master Plan Projects”  May 95 to November 95

'Pha:'se-lli . Formulation of Master Plan .- December 95 to August 9%

o lugure l 1 presems the gcncral work ﬂow of the Sludy, in wlnch work to be carried out in the
field (Viet Nam) and at the home office (Japan) is shown. '

1.3 Cooperation

"The Suidj.' is conducted by a study team appointed by JICA in collaboration with the
“counterpart personnel assigned from the Sub-institute of Water Resources Planning, which
belongs o the Ministry of Agriculture and Rural Development and is responsible for planning
water resources development and management in the southem Viet Nam. JICA maintains an
Advisory Commiittee for the Study in order to support the coiduct of the Study Team. The
Government of Viet Nam establishes a steering committee, whichi consists of high ranking
officials of the Ministcy of Agriculture and Rural 'Develop'mc'nt, Ministry of Planning and
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Investient, Ministry of lﬁduslry, Ministry of Construction and other ministrics and
organizations concerned, in view of the multi-disciplinary natore of the Study. Joint meetings
are held among the Stady Team, the Advisory Committee for the Study and the Steering
Committee in due course to attain fruitful results from the Study.

1.4 - Progress of the Study

Nippon Koei Co., L td. was selecied as the consultant to undertake the Sludy ‘based on the
tender called by JICA, the pre-bid meeting of which was held on July 21st, 1994, An

‘agreement for the Study was made on September 14th, 1994 between JICA and Nippon Koei

after a couple of negotiations. Immediately after reaching the agreement, Nippon Koei
commenced to prepare the Inception Report as preparatory home office work, Based on the
Inception Report sa prepared, a meeting was held in mid-Septembér aniong the JICA Advisory
Committee for the Study, JICA officials and the Study Team as patt of preparatory home office
work. '

The first field work was commenced wiih the arvival of the Study T cam in Hanoi on September
22nd, 1994. After the Study Team had ihe preparatory meetings with the ministries concerned
including the then Ministry of Water Resources, a joint meeting was held on September 27th,
1994 for discussing the Inceptlon Report, which deals with the basic concepts work schedule
and plan of operation for the Study a among others.

; Aftcr signing the minutes of mecung for the dlscussron of September 27th 1994 the Study

Team moved to llo Chi Minh Cily to assume its duties in Vlet Nam. The Progless Report (l)

~ which summarizes sludy results gamed through the first field work over a time penod of

Septembcr to December 1994, was prepared and submitted to the then Ministry of Water
Resources. The Steering Committee, consisting of high ranking officials of Vice-Minister class
of the ministries and agencies concerned, was convened on December 28th, 1994 to discuss the
Progress Report (1). '

After signing the minutes of meeting for the discussion on December 29th, 1994, the Study
Team returned to Japan and started the first home office work over a lime period of January to

‘March, 1995. At the end of the first home office work, Interim Report (1) was prepared to

summarize all the study results gained through the work of Phase I.

It is noted that an intensive salinity intrusion survey and a river survey, which prepares river
cross sections and profiles, as well as the installation of seven rain gauges and three automatic
yanoff gauges were carried out paraltel to the home office work of Phase I to reinforce the work
to clarify the mechanisin of saii:xityi;ilrusioﬂ. “The survey results were used for the salinity
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intrusion analysis carried out in the work of Phase 1. On the other hand, work to prepare | to
10,000 scale topographic maps for promising dam projects was cancelled due to avaitabitity of
such a scale topographic maps for those promising dam projects.

The work of Phase IT to be carried out over  time period of May 1995 to November 1995 was
commenced with the arrival of the Study Team in Hanoi on May 22nd, 1995. A joint mee!mg
was held on May 24th, 1995 to discuss the study results of Interim Report (1) and to deal with
the work to be cairied out in Phase 11 with the participation of the ministries concerned
including the then Ministry of Water Resources, the JICA Advisofy Committee for the Study,
JICA official and the Study Team.

After the meeting, the Study Team moved to Ho Chi Minh City on May 28th, 1995 and
resumed the ficld work in Phase 1. During the course of field work, the second Steering

Commiltee Meeting was convened in Hanoi by the Vietnamese Govemment with the attendance -

of the Study Teani. Progréss Report (2) was prepared and submitted to the then Ministry of
Water Resources by incorporating the results and findings obtained through the field work of
- Phase 1L | '

A meeting was held in Ho Chi Minh City on August 17th, 1995 for discussing Progress Report
(2). After signing of the minutes of meeting, the Study Team Jeft Viet Nam for Japan on

August 19th, 1995 and resumed the home office work of Phase 1l over a time period of .

September to November 1995. At the end of the second home office work, Interim Report (2)
was prepared by summarizing all the study results gained through Phases I and 11, in particular
by focusmg on lhc ophmal allocation of water available in the Dong Nai River basin.

l“he work of Phasc 1L, which is schedu!ed to be camcd out over a time period of nine momhé '

. from Dwember 1995 to August 1996, was commenced with the arrival of the Sludy Team in
_ Ho Chl Mmh City on December Ist, 1995, A Joint meeting was held on Dscember l3lh 1995

in Ho Chi Minh City to discuss Interim Repont (2}, of which one of main results is the selection

- of master plan projects which are expected to be developed over a time horizon of 20 years up
to the year 2015. Inmnediately after receiving general consent from the Vietnamese side on the
selected master plan pr_ojects, the Smdy Team commenced field work for those selected master
plan prbjec_ls. ‘A's pait of field work, cross section survey and geoldgical map preparation were
" undertaken for three dam projects included in the master plan projects.” Furthermore, a
| workshop was held on January 4th, 1996 by the Viemamese Government to discuss Interim
Report (2) with the attendance of the Study Team. '

Progress Repori (3) was prepared and submitted to the Ministry of Agriculure and Rural
Development by incorporating the study results gained through the field work of Phase HI. A
meeting was held to'discuss Progiess Report (3) with the Sub- insmutc of Water Resources
Flanning on January 12th, 1996. ‘
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After signing the minutes of meeting on January 13th, 1996, the Study Team left for Japan and '
resumed the home office work of Phase 111, lhro'ugh which Draft Final Report was prepared by
incorporating all the study results gained through Phases 1 to Itl. The Draft Final Report
emphasizes 1o proposes a comprehensive development plan of water resources available in the
Dong Nai River and its surrounding basins in an efficient manner.

The Study Team returned to Viet Nam for nine days of May 23rd to 31st, 1996 to discuss the
Draft Final Report with the Vietnamese Government.  An internal meeting was held with the
Sub-institute of Water Resources Planning on May 25th, 1996 in Ho Chi Minh City.
Following the internal meeting with SIWRP, a joint meeting was convened in Hanoi on May
28th, 1996 with the participation of members of the Steering Conunilttec dispatched from the

~ ministries and other agencies concerned, the JICA Advisory Commiltee for the Study, JICA

official and the Study Team. After signing of the minutes of mectmg on May 2%th, 1996, the
Stedy Team remmed to Japan on May 30th, 1996.

This hml chon was prepart,d by incorporating comments and requesis raised to lhe Draft
Final Report by the Vietnamese Government through the joint meeting hield on May 231,
1996, and was submitted to JICA at the end of August, 1996 With the submlss:on of the
Final Report, all the work of this Study was complcted :
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2. OYERVIEW OF VIET NAM

2.1 Natural Condition

2.1.1 Location

The Socialist Republic of Viet Nam extends along the eastern edge of the Indochinese
peninsula, forming an S-shaped siriﬁ, bordering with China in the rorth' and Laos ‘and
Cambodia in the west and facing the Gulf of Tonkin, the South China Sea and the Gulf of
Thailand in the cast, southeast and south respectively with a coastal length of 3,260 km. The
main land, which occupies a land area of 331,114 km?, stretches between 8°30° and 23°22°
north latitudes with a length of 1,650 km and between 102°10° :ind 109°21" ¢ast longitudes
with the ntaximum width of about 600 km in the northern part and with the minimum width of
about 50 km in the central pait. '

Of the tolal mtcmauonal border line of 3,730 km with China, Laos and Cambod:a Viet Nam
shares a length of 1,150 km with China, whilst a length of 1 65() km with Laos and a length
of 930 km with Cambodia.

2.1.2 Physiography

- Accordmg to soctology and geography, the nation is grouped into seven regions as depicted in |
C Figure 2 1; North Mountains Region, Red River Delta and Mullands Region, North Central
. “Coast chlon Sotith Central Coast Reglon Central Highland Reglon Nm th- East of Soulh o
- Reglon and Mekong River Delta Region. - i

'Thc North Mount'uns Reglon occupymg a land area of 93 499 2 km?, lu,s in lhe 11011heast '

part of the country with steep mountainous terrain. M'uor rivers draining in the rchon arethe
Red (Hong) River, the Bang-Xy Cung River and the Thai Binh River. This region has a poor
socio-economic infrastructure, and only 10 % of its total area has been developed for

“agricultural production.

The Red River Delta and Midlaﬁds Region, shaﬁng a land area of 21,976.1 km?, extends in B
the lower reaches of the Red River with fertile alluvial flat lands 'm'\d‘hilly and moderately -
elevated lands. The Red (Hong) and Thai Binh rivers drain in the region as major ones. T his -
region is an important rice cilltiv_alion area of the nation. Due to high population density and
small and decreasing farming area per capita, it is still difficult to meet food demands.

The North Central Coast Region with a land area of 51,187.6 ke? shows hilly andllong-
steetched (northwest to southeast direction) topographic characteristics. The major rivers
draining in the region are the Ca River, the Gianh-Huong River and the Ma River. 1n this
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region, mountainous areas cover 83 % of the total lang, and firming is lowest in the country
due to low soil fertility and frequent strikes of typhoons and floods.

‘The South Centrat Coast Region, occupying a land area of 45,876 km2, extends further south
of the North Central Coast Region along the coast, showing hiily undulating terrain with flat
plains at river valleys and estuaries. In fact, 70 % of its area is composed of land sloped over
15°, and furthermore climate difference is remarkable between the north and sonth areas as well
as ttie coast and mountain areas. The Tra Khue-Con River, the Cai-Luy River and the Vu Gia-
Thu Bon River drain in the region as major ones.

The Central Highland Region, sharing a land area of 55,568.9 km?, lies west of the South
Central Coast Region, showing quite hilly terrain with dense forests. The region is blessed
with high development potential. Major rivers in the region are the Mekong Srepok River, the
Ba River and the Dong Nai River. This implies the southernmost pan of the region is included
in the Study Area.

The North-East of Southland Region, which is the major part of the Siudy Area and o¢cu pies'a
fand areé of 23,450.7 km?, is Surrounded by the Central Highland Region in the north, the
South Central Coast Region in the east, the Mekong River Delta in the south and Cambodia in
" the west. ‘The main river in the region is the Dong Nai River.

~ Agricultural development of this region has been slow in recent years and food production
_could satisfy only 50 % of demand, whilst industrial development of the nation focuses in the
“region. ‘

“Th¢ Mekong River Delta Region, sharing a land area of 39 555.1 km2, lies in the
. soulhemmost patt of lhc nation with flat lowlands for the whole of the region. This region is

the largest rice granary area of the count[y and will play an lmpmt'mt role in agricultural -

‘development, food stabilization and forcign exchange eamings. The Mekong River is the
major river in the region, causing floods in the later stage of rainy season from August to
October.

2.2 Socie-economic Condition

221 Population

According to the official statistics, the population of Viet Nam in the year 1994 was 71.5
million, which is translated to be 214 persons/km? in terms of population density as the
national average with regional variations of 120 pcr.sons;‘km’2 in the North Mountain and
Midland, 1,124 persons/km? in-the Red River Delta, 190 personsfkml in the North Central
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Coast, 167 persons/km? in the South Central Coasi, 53 persons/km? in the Central Highland,
378 persons/km? in the North East of Southland and 401 persons/km? in the Mekong River
Delta, showing dense population in the Red River Delta and sparse population in the Central
Highland.

2.2.2 - National Economy and Its Development Policies

Since the year 1986, the Vietnamiese Govermment is carrying out drastic reforms in the

political, economic and social ficlds under the banner of “Doi Moi” (renovalion in Vietnamese),

which has two major objectives to pursue in the economic field; 1) an economiic liberalization

policy at home and 2) an open door policy intemationally, and includes the following reforms: .

Provision of long-term land tenure rights, facilitating household farming;
Opening-up of opportuiiitics for private sector development,

* Ingreased autonomy for state enterpnses and requirements that they operate on a non-
 subsidized basis and in a competitive environment;
- Decontrol of prices, allowing market supply and demand forces to work;

Devaluation of the official exchange rate;
Trade liberalization and reorientation to export-led growth;

. Encouragement of fofeign investment;

Reform of the fiscal and monetary system, to better balance the budget, strengthen tax

révenues, stimulate swmgs and control inflation; and

Adoption of the new Constitation in the ycar 1992, mlroducmg Lhanges to democlauc

e freedom and property rights.

The following present growth rates of Gross Dontestic Product (GD?)_rijcordcd in major

sectors over a period of the year 1989 to 1995:

) ~ Unit: % éhangg
1990 (share) 1991 1992 1993 1994 - 1995%  (share)

GDP 5.0 (1000) 60 87 81 88 90-100 (100.0)
Agicultre 1.5 (38.8) 22 72 38 45 45-50 (266)
industry 2.5 (226) 99 144 120 135 0 13.0-140 (303) -
Service 104 '(386) 83 86 9.9 110 120-130 (425)
Note: * Estimate '

Source: - State Planning committee (SPC)

Wilh economic recession due to the shock occasioned by the collapse of the Soviet Union in the
year 1990, the GDP declined from 8.0 % attained in the year 1989 as the result of Doi Moi



policy to 5.1% in the year 1990 and 6.0 % in the year 1991. However, the economy fully
recovered and climbed to 8.7 % in the year 1992 and healthy growth continued in the yéar
1993 and 1994 with 8.0 % and 8.8 % rates. In the year 1994, GDP recorded in Viet Nam was
estimated at VND 170,258 billion, which is equivalent to US$ 15.5 billion (refer to Table
2.1). This no doubt considerably understates the GDP actually gained, since there is large
informal economy.

‘About the future GDP growlth rates of Viel Nam, there are several different projections, both
0ptimisliciambilimis and probable (refer to Té\ble'2.2). Some forecast 8 to 9 % of GDP
growth to the year 2010. On the other hand, the ¢écoriomic growth rates that World Bank
forecast for total economy over the period of the year 1990 to 2012 are ranging from 6.0 % on
- the average in the most probable scenario to 7.2 % on the average in the most optimistic
scenario (refer to 2/2 of Table 2.2).

At present, there are two principal socio-economic dcvélbpmeut plans in Viet Nam; one is for
short-term and the other is for medium-term up to the year 2000. As the shori-term
development plan, the Vietnaniese Government is preparing the Sixth Five-year Socio-
* economic Development Plan to be put into execution from the year 1996 to 2000. During the
he_iu five years, Viet Nam plans to achieve high and sustainable growth at a rate higher than the
previous five years so as to; |

fulfill the objéc(ive of doubling the year 1990 per capita GDP by the year 2000,
- bring the country out of poverty and underdevelopmient,
- 1mprovc people's lwmg standards, and .
SRS mcreaae domcs!w sawngs to gel ready for s!rongcr de\ elopmem in the 21st céntiiry.

3 Basnc object:vcs and tasks set an annml GDP growth rate of 10 % with the target of eacI
“sector as follows: ' |

- agriculture/forestry and 'ﬁsheiy: 4.5% to 5%
- industry: - 13% w014%
- service: _ 12% to 13 %.

. :By the year 2000, the sham of mdustry in GDP will double that of agncu]lure and the share of
service will be 47 %.

As a medium-term plan, there is the “Socio-economic Stabilization and Devélopmem Strategy
to the year 2000” which sets out/determines the basic framework for the development of Viet
Nam. The Strategy aims to:

a)  stabilize and develop socio-economy,
b} - improve the people’s living standard,
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¢} rid the country of poverty and underdevelopment , and
d)  prepare basic conditions for a rapid development in the early 21st century.

This strategy has set people - as a community - into central position, i.e. the strategy for people
and by people.

2.3 Institution

2.3.1  Administrative Division

Administratively, Viet Nam is divided into central and local levels. The latter comprises
provinces with a relatively high degree of autonomy. Under the provinces, there are districts
and communes. Large cities such as Hanoi and Ho Chi Minh City, of which the for mer is the
capml of Viet Nam located in the riorth (Red River Delta Reglon) and the latter is a large

‘ecoitomic, cultural and commercial centre of Viet Nam sitvated in the south (North East of

South Region), have the same status as provinces. At present; there are 53 prbvin'ccs and cities
with 467 districts and 9,670 comnumesﬁprcciucts. '

In termis of developmun region can be tréated as a spatml unit and provmce simitarly treated.
Administratively, only province is treated as a umt which is governed by Provincial People's

- committee.

- A commune is the sub-division of a district belongmg to the provmcc, and a precmct is the sub-
-~ division of a dlstrlct belonging to the city. ‘

12.3.2 Lawsand Regulations Related 1o Water Resources Development

The previous laws on water resources dcvelopmem'(river control, watershed managcment and
so on) were unclear and had neither been successful in optimizing its use nor in plevenlmg
actions which waken the risk of water disaster.

In Novémber 1994, new “laws on exploitation and protection of water resdmfces schemes”
were prepared in order to strengthen the efficiency of governmental manageméli( in exp'loiti;lg,
repairing and preserving waler resources schemes for production and socio-economic
development and con's,e-quen'lly to contribute to the social safely and national security.

There are four major pieces of govermient legislation on environmentat protection, and those
related to water resources development are:

- Environmental Protection Law,



- Piime Minister's Decree on Environmental Protection,
- Guidelines for Environmental Impact Assessment (EIA), and
- Environmental Quality Standards.

In addition to the above, there are a number of other picces of existing or proposed government
legislation and potlicy that are relevant to environmental protection and management. Those are:

- Forest Protection and Development Law, _

- Mining Law (draft under preparation by the Ministry of Industry),

- Industeial Waste Water Guidelines (draft prepared by FWRP-MOARD), and
- Sustainable Energy Policies.

The Land Law enforced in the year 1993 provides that land use certificates will be issued for
agricultural land and urban residential land and that these certificates can be sold, leased,
inherited and mortgaged. Laws and regulations related to water resources development are the
foHowmg

- Law on Environmental Protection (December 1994),
- Water Quality Management Law (to control pollution by waste water), and
- Regulation on Environmental Pollution Control in HCMC (May 1993).

233" Agencies forWatgf Resources Development

“In October 1995, eight mlmstrlcs and agencies re!ated to water resources dcvelopment were
- rwamped to cr«.ate the followmg lhlee new ninistrics: ‘

- a) : Mmlsny of Agnculmre and Rmal De\clopmem (MOARD) _
© created from the merger of the former Mm}stry of Water Resources, Ministry Agriculture
and Food Industry and Ministry of Forestry,
b) Ministry of Industry (MOID):
- created from the merger of the former Mlmstry of Energy, Mmistry of Ileavy ]nduslry
' and Ministry of Light Industry, and
c) Mmlslry of Planning and Investment (MOPI): . o
~ formed from the merger of the former State Planning Committee (SPC) and State
Conimittee for Cooperation and Investment (SCCI).

The resolution to revamp certain government agencies was approved n October 1995 by the
deputies at the eighth session of the National Assembly, and a namber of cabinet membem have
been appointed.




This restructuring aims to separate the state management from production and business for the

following two reasons:

a)  toenhance the role of state management and the macro management by ministries and
b} toallow businesses to have independent finance, investment and marketing.

As a result of vestructuring, ministries are now “state management bodies” whilst businesses
are fun by “General Corporations” newly established.

Many government agencies and institutions are related to water resources development and
management as depicted in Figure 2.2, and their funttions and responsibilities can be broadly
defined as follows: '



__Agencies / Institutions

__ Functions & Re¢sponsibilitics

1} Ministry of Agriculture and Rural
Development (MOARD)

- Institute of Water Resources

Planning (SIWRP)

_2.)_ .Minislr}fc of Construction (MOC)

. Nam Pon’ef Co;f)ofaii_on‘(VPC) ‘,

L

5

6)

Miistry of Industey (MOID) & Viet

Ministry of Science, Tefhhology and

Environment {(MOSTE)

Ministry of Public Health (MOPH)

Provincial and City' People’s

Commiltces

Water Resources Services

Agriculture and Foreslry Services

Management of sugface water {only water source) |

Management of industrial-domestic water and water gquality
Security of waler sources for agriculture, hydropower gencration,
water supply, elc.

Stormwater and rainwater contro}

Irrigation and drainage '

Foresiry'developmenl and control

Population distribution and reséttlemient

Waier resources planning for basins and zones

Formulation of water resources development investigation
prejects

Water resources managenent

Thematic studics on watér resources

"Planning, désign, construction and management of facilities for -

urban waler supply, sanitation, urban roads, publie light, etc.
(As for the planning, design, construction and management of
facilitiés for industrial water supply, each industry concerned is

responsible for them)

Eleciric power generation _

Development of power industy

Dévelopment and manage_mém of groundwater and other

underground resources -

Environmental control and management (Water quality)

Monitosi ng of water quality and hygicne

Planning and management-are decentralized to provincial

institutions, which increase autonomy and responsibilities.

Local water resources development

Operation and management of irrigation schemes
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3. SOCIO-ECONOMIC CONDITIONS IN THE STUDY AREA

3.1  Administrative Division and People

3.1.1  Administeative Division

The Study Area, covering the Dong Nai River and its surrounding river basins with an area of
some 48,500 km? or sharing 14.6 % of the total land area of the country (331,114 km?),
extends over ong cily and nine provinces of southern Vict Nam; Tay Ninh, Song Be, Dac Lac,
Lam Dong, Ninh Thuan, Binh Thian, Ba Ria-Vung Tau, Dong Nai, Ho Chi Minh City and
Long An. Administrative boundaries of these one city and nine provinces are given in Figure
3.1 with provincial and district capitals, whitst Table 3.1 shows a summary list of provinces
and districts in the Study Area. '

Con Dao district in Ba Ria- Vung Tau province and Phu Quy district in Ninh Thuan province
are out of the Study Area due to the islands scattered in the South China Sea. Of 17 districts in
Dac Lac provinge, an entiré area of Dak Nong and Dak R’Lap districts is included in the Area,
whilst forest areas of Lac Duong district in Lam Dong provmcc lic out of the Study Area. In
Long An province, included in the Study Area are nine dls{ncts of which Thu Thm Thanh

* Hoa and Moc Hoa districts partially lie in the Study Area.

"3.1.2 Population

o ‘;The populcmon in the Stady Areq is estmmed at some ll 7 million in’ the year 1994 as
' sunwmarized in Table 3.2, accounting for 16.3 % of the total pOP“‘ﬂ“O“ of the nation. Average - -

population densny in the Study Area is about 241 peraons per km2 with the hlghest rate of
2,10t persons per km? in Ho Chi Minh City and low rates of 61 persons per km? in Dac
Lac province and 76 persons per km? in Lam Dong province in the Central Highlands.
Majority in these sparsely populated arcas is minority groups.

Populauon in the Sludy Area grew at a rate of 2.74 % per year between the year 1979 and

1989, which was faster than that of the nation at 2,01 % per year for the same penod as given -

in Table 3.3. Despite fast economic growth, population in the Study Area is estimated at

gradually decreasing rates of 2.68 % over a period of the year 1993 to 2000, 2.44 % over a
period of the year 2000 to 2005, 2.23 % over a period of the year 2005 10 2010 and 2.00 %
over a period of the year 2010 to 2015, resulting in a total population of some 19.3 million in
the year 2015 and accounting for 18.0 % of total population in the nation.



3.1.3 Ethnic Groups

[tis considered in Viet Nam that there are more or less 60 ethnic groups besides ethic
Vietnamese (Kinh), which is the dominant ethaic group in number, about 20 % of the total
population in the nation, well spreading over the Study Area. The sccond largest group in the
Study Area is Hoa (Han}, accounting for 5.8 % of the total population. Qver 90 % of them
dwell concentratedly in Ho Chi Minh Citiy and Dong Nai province.

Rcmairiing inajor minority groups are Cham, Co Ho, Ra-glai, Xtieng, Ma, Cho-ro and Chu-r
among others. Most of ethnic minority tribes live in the marginal hightands, keeping their own
living style and customs which are well traditionally refined.

3.2 Inl'raslructures

‘Road network in the Study Area is developed by placing Ho Chi Minh City as its centre {refer
to Figure 3.1). National Highway No. 1, which links between Ho Chi Minh City and Hanoi,
runs in the coastal area through major towns of Bien Hoa, Phan Thiet and Phan Rang.
Another main route from Ho Chi Mmh City to lanoj is National Highway No. 20, which-
passes in the hilly area of Dong Nai and Lan Dong provinces through Da Lat,

Natiohal_ll_ighways No. 13"and No. 22, which go through Tay Ninh, aie the access roads to
Cﬁmbodia whilst National llighway No. 14 leads to Laos through Play Ku, National
ll:ghwa} No. 4is usecl for accessmg to large towns in Mekeng Delta such as Can Tho and My
Tho lhrough Tan An. 1t is noted that N'monal nghway No. 51 hnl\mg Blen Hoa and Vung
" Tau COHSUIU(L,S pait of the '111c-ry of lhe s0- called econoxmc tmngle zonc in the Study Area

Ratiway service, wh:ch Imks Ho Ch1 Mmh C:ty to Hano: runs along Natloml Highway No. 1
~in the Study Arca. Due to slow specd resulting from aged lrack, railway service is less reliable
than vehicle as transportation means. There are two ports in the Study Area, i.e. Saigon and
- Yung Tau p'orls', for ocean f reight. In particular, the Saigon port, transaction amount of which
“exceeds 3 million ton a year, acts as a'pi‘vot of ecdnomic activities in southern Viet Nam.

Meanwhile, there are two airpoits in the Study Area; Tan Son Nhut air port in Ho Chi Minh
+ City and Da Lat airport. The fonner is used as a gateway to and from foreign countries, whilst
“domestic flights only for the latter.
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3.3 Quality of Life

3.3.1  Education

In the year 1989, there were 2,442 primary and secondary schools with 73,509 teachers in the
Study Area, which are compared with 15,386 primary and secondary schools and 439,161
teachers in the nation: This fact is translated into 543.9 students per school and 22.4 students

- per teacher in the Study Area.

Relying on the high number of schools and teachers, most of the population has received a
basic level of education as endorsed by the high literacy rate of 88.0 % in the nation. In the
Study Area, the rate variates in the range of 93.2 % in Ho Chi Minh City to 80.8 % in Dac
Lac p’rovince.' According 1o the 1989 Population Census, 46.7 million or 83.0 % of people
aged 10 years and over have attended or are attending an educational institution, while the
comparative ratios increase for the younger generation between 10 and 39 years old with a -
figure of 92.9 % and decrease to 72.0 % for people 40 years old and over. Of the

40.6 million that have attendéd educational institutions; 1.6 % have graduated from colleges

~and universities (some completing post graduate courses), 2.9 % have completed middle
‘vocational school, 6.8 % have completed secondary school and 27.2 % have completed
“primary school.

3.3.2  Public Health

- There are two types of medical doctors in Viet Nam; one is the doctor graduated from the

medical school of university and the other is the doctor graduated from the i_ned_ical technical
school. The former doctor has the number of 3,279 in the Study Area, accounting for 20.0 %
of the total number in the nation, whilst 6,579 for the latter, accounting for 16.3 % of the total
number in the nation. On the other hand, the number of nurses and midwives registered in the
Sludy Areais 10,930 and 2,847 respectively.

Even under the medical sérvice condition in the Study Area mentioned above, the nultritional

© status of Vietnamese population is low. This is proved by lhe'facl_ihal daily per capita éné‘rgy

inlake, estimated at 2,280 kilocalories in the year 1985, is lower than the average intake of
2,460 kilocalories in developing countries. Food shortages had beén a major problem
conlributing to chronic matnutrition. Although the recent improvemeht of food self-sufficiency
has réducéd this problem, acute malnuttition has signiﬁcanlly increased mainly due 1o a failure
of the food distribution and l")libl‘ic health delivery systems in food-deficit areas.



Safe drinking water and adequate sanitation facilitics are less developed in the Study Area. Due
ta this, water-borne and hygiene-related diseases such as gastro-enteritis, diarrhoea, typhoid,
cholera and hepatitis are still widely prevailed in the Study Area. Furtherntore, many cases of
vector-borne diseases such as malaria and dengue fever are also reported.

3.4  Position of the Study Avea in the National Socio-economy and Spatial

Development

3.4.1 Position in the National Socio-economy

‘The socio-economic indices summarized below characterize basically the Study Area and define
globally its position in the country: -

o Proportions of the Study Area to the Country’s Totals

Total Forgign Invested Capital (1994)
Gross Output of Local Industry (1993)
Industrial Gross Production ( 1992)
Aquaculture Production {1993)

Forest Land {1993)

Sown Area of Food (1992)
Gross Output of Food (1993)

' Agﬁcultural Gross Production (1992)
Social Labour Force {1992}

7 Urban Population {1993)

Population (1994)

' Land Area {zbout 48,500 sg. km)
Studems in Hi gher Education {1993)

P

0% 10% 209 30% 40% SO0% G60% 0% 80% 90% 1w

UL oUUHUaLL

‘The population in the Study Area is 11.7 million in the year 1994, accounting for 16.3 % of

~ tolal population of the nation. Mecanwhile, the gross production ratio of the Study Area to the

'natiom'l total was 14.2 % in'agriculmrc and 53.5% in indusiry in the year 1992, For the
value of exports in foreign trade, the Study Area accounts for 21.7 % to the national total | m
-the year 1992. Fxceplmg the figure i in agricultural gross production, these are substantially
| larger than the territorial share of Study Area at 14.6 % (some 48,500 km?2 out of the national
land: 331,114 km?).

The cconomic triangle zone, connectmg Ho Chi Minh C:ty Bien Hoa-Ba Ria-Vung Tau areas,
constitutes one of the key economic growth areas in Viet Nam. This econoric growth zone is
the biggest area in oil and gas exploitation, and processing. In this arca, the industry




specialized in high-quality consumer goods will be developed for export and supplying to other
areas with such products as electronic and domestic appliances, textile, ready-made clothes,
motor-bikes, processed farm produce, maritime products and so forth.

3.4.2 Position in the Nationat Spatial Development

The Study Area holds an important position in the national development duc to following
factors: '

a)  More urbanized and more rapidly urbanizing region,

b) Réceiviug area of spillover from HCMC and for in-mitigation from the northern
regions,

¢}  More concentrated urbanization pattern, and

d)  Crossroads or gateway to Indochina countries.

The ratio of urban population to the total populﬁli_on or the urbanization ratio is as high as
40.3 % in the Study Area in the year 1993 mainly due to that of Ho Chi Minh City (74.0 %),
the highest of all 53 provinces and cities (refer to Table 3.3). The Study Area contains 33.7 %
of the total urban population in the country.

The Study Area includes parts of migration receiving regions like the Central Highlands (Lam
Dong), Mekong River Delta (.ong An) and South Central Coast (Binh Thuan and Ninh _
Thuan). The organized migration projects and migration to new economic zones are actively
promated in these areas, S :

The Study Area is not only more urbanized, but its urbanization pattern is more concentrated.

© Three broad arcas of urban population ¢oncentration may be identified: 1) Ho Chi Minh Cily

(HCMC) itself, 2) areas leading to Bien Hoa and along National Highway No. 1, and 3) areas
leading to Ba Ria-Vung Tau along National Highway No. 51 (refer to Figure 3.1). In addition
to the above conurbations, Da Lat which is famous as highland resort in the central highlands
(Lam Dong province} also forms a relatively urbanized agglomeration.

Another key for continued development of the Victnameéc econony is how to make ¢ffective
use of emerging opportunilies for economic interactions with the Indochina countries

~ (especially Cambodia and Thailand). The Study Area is in a pivotal position to take advantage

of these opportunities.



3.5 Socio-cconomic Development Framework of the Study Arca

3.5.1  Development Scenarios and Framework

Three distinct alternatives might be envisioned for the socio-economic devetopment of the
Study Area as follows:

a)  Trend development.

This alternative represents the continuation of what has been taking place in the Study
Area in the recent past.

b)  Accelerated development

‘This alternative is to altain the highest economic growth placing emphasis on high
industrialization/urbanization and border trade related services.

¢)  Balanced development

“This alternative represents a well-controlled path between the first two alternatives,
paying due attention to the balanced and sustainable regional development (not only the
whole country but also with the Study Area).

Given the rich natural and human resources, the Study Area as a whole has recorded higher
econom:c growth rates’ comparecl to the whole country. Besides, in view of its hrge poténtials,
lhc area is expecled to contmuc to develop keeping more or less'the preseiitly enjoyed growth
rates up to the target year 2015. However, it is apprehended, on the other hand, that such
: stnkmgly 1ccclcr1lcd growth led by the Ho Chi Minh City area might skew the balanced and
- sustainable development and generate more large regional disparities/diff terences. Thus, the
third alternative, i.c. ba]anced development, seems to be the most desirable and realistic one.
T!le development scenario in this master plan is further elaborated for this alternative. _

“The socio-economic framework for the balanced development altemative comp'ired with the
future growth mles set out in the nauoml socio-economic development plans and other existing
projections are shown in the following Table:




Proposed National Macro-Economic Framework and Projéctions

_ Viet Nam ' : Share of the Study
Sector . 1995 2000 2005 010 2015 __Arca (Balapced Dev.)
Population (Thous.} 74,285 83,230 21,443 99,485 107,173 16.4 - 18.0 %
(Growth rate) (2.3 %) (1.9%) (1.7 %) (1.5 %)
GDP (Bil. VND, 43,166 61,570 95,348 140,098 196,495 40 - 48 %
1989 price)
GDP Growth Rawe{%} S {1.5 %) Q%) (8 %) (7 %) -
- Agriculture (10-12 %) - - - 5-10%
- Industry {40-44 %) - - - - 4 - 50 %
= Service {78-8.0 %) SRR - - 40 - 55 %
Per capita GDP 581,080 744,561 ! 042 706 ° 1,08,237  1,833,43) -
(VIND per person}

Source:  Socio-Ticonomic Stabitization and Dcvelopment Strategy to the Year 2000 and the Study
Team's estimate
Notes : Figures in parentheses are the esumated growth rates between the years.

3.5.2 Development Targels

fn accordance with the abme development scenarios and framework macro targets for the

Study Area arc set for the year:, 1995, 2005, 2010 zmd 2015 as shown in the following Table:

Macro-Economic Targets of the Study Area

- Year 1593 1995 2000 2005 2016 2015
" Population 11,406 12,026 13,726 l5,484 17,250 19,089
. (thousand) : ' L D
Population = Annual Population (2.83%)  (2.68%) (2 44%) (2.23%) (2.00%) .
Growth Rate (5] - - : : :
FUban | 403 % ., 0 42% ~4_4%‘ : 46_%' 48 % 50%
— Population ‘ L : o ' : o T
- GRDP . : o . ‘ ; :
{Billion VND 14,694 . 17 458 25,65! © 41,3120 63,653 0 93,396
GRDP at 1989 price) : : : i
Annual GRDP ©%) (8%) 0%y (9%) " (8%)
Growth Rate (%)
% Changes by Sector . _ '
- Agriculture 10 % 0% 8% T% 6% 5%
-Industry 50 % 50 % > T4y 4a2% - 0%
. -Service 40% o % . 4T1% . 50% 524 . . S5%
Percapita’ 1,274,194 1 435.876 1,848,444 2,638,804 3,636,324 4,839,277
GRDP (VD) :

Source : JICA Team’s estimates



Major considerations taken into account in target setting are as follows:

a)

b)

'C)

" Population

As viewed in the world experiences, average population growth rate will be decelerated in
a long term. Population is targeted to grow at rates of 2,68 % in the year 1995 to 2000,
2.44 % in the year 2001 to 2005, 2.23 % in the year 2006 to 2010 and 2.00 % in the year
2011102015, Atthe hrget year 2015, the total population of the Study Area is estimated
1o reach appmximaiely 19.1 million.

Gross Regional Domestic Product (GRDP)

Vietnainese economy is now growing fast at a rate of 8.4 % per annum during the time

period of the year 1991 to 1993, The long-term macro economic projections by the _

World Bank and Vietnamese authorilies indicate growth rates of 6.6 % to 12~13 % during
the time period of the year 1995 to 2012 as most probable forecasts. Haviﬁg these in
mmd the economic growth in the Southern Regioi mcludmg Study Area is assumcd at8
% to 10 % for the time period of the year 1995 to 2015.

Per Capita GRDP

Per capita GRDP é_)f the Study Area was VND 1,274,194 in the year 1993. Th_is was
:higher than the nalionél average of VND 517,522 6y 2.46 times, and the gap has been
'\wdenmg Durmg the time pcnod of the year 1995 to 2015, it is forecast that per caplla'
'GRDP growth of the Study Area will increase at an annual averagc of 6.26 % against
5.91 % of the nat:onal_ average.




4. NATURAL CONDITIONS IN THE STUDY AREA

4.1t  Topography and Geology

4.1.1 Fopography

The main stem of the Dong Nai River originates from the high hills (El. 1,000 to 2,000 1)
lying in the northern end of Lani Dong province, initiaily taking the southwestward direction
in its flow course (refer to Location Map). After the join of the Da Dung River from east, the
Dong Nai River tums its flow direction to west, making the border line between Lam Dong and
Dac Lac provinces.

After passing counter-clockwisely along the border lincs between Dac Lac and Lam D'ong
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 Nai River :
changes its flow direction to south-west, _and crosses Dong Nai provmcc. M_eandermg east of
Ho Chi Minh Cily, the Dong Nai River finally debouches in the South China Sea with a
catchment area of 40,683 km? at the eslilary inc!nding tributaries. '

There are two main tributaries, the La Nga and Be rivers, in the Dong Nai River besides the

“Saigon River meeting into it about 30 km upstream of the 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 piOVillCE lies in the south of the Dong Nai Rwer

~basin. V[eandermg “cstwardly. the La Ngn chr nmerges into the Dong Nai River at Thanh

Son.

‘The origin of the Be River lies in the Tuy Duc mountain arca (El, 950 to 1,000 m) 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-westwardly by forming the international

boundary between the two countries. The Be River meets the Dong Nai main stem

downstream of the Tri An damsite alter passing the wide valley extending in the centre of thc'
Song Be province. '

The Saigon River, '\vhic_h ofiginatcs from the Sdulhefn flank of the hill (El. 160 to 200 m)
bordering with Cambodia in Tay Ninh' province, has characteristics of ge:ntlcj slope and
meandering. Five km upstream of the confluence with the Dong Nai, there is the Saigon inland
port, whicli is the pivot of navigation to support the economic activities in Ho Chi Minh 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
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lying in Cambodia and gently flow down south-eastwardly through the wide plain extending in
the Long An province, finally inerging info the Pong Nai River ncar the cstuary.

In the coastal zone of the Study Arca, south of La Nga River basin, there are several rivers
such as Cai, Rui, Phan, Dinh and Rai, which directly debouch in the South China Sea. Due to
small catchment area, i.e. 1,000 to 2,000 km?, these rivers are not well utilized in terms of
water resources development,

4.1.2  Geology

Central to southein part of Viet Nam is sitvated on the Indosinian Platform, the central core of
so-called Indosinian Continent that was built up by Mesozoic orogenesis and has been
established up to the present lime. Basement rock of this region is metamorphic rocks of Late
Pre-Cambrian to Early Paleozoic,'which are covered by folded sedimentary rocks of Paleozoic _
to Mesozoic eras. Also ivide!y distributed are intensive granites and volcanic rocks including
andesites and basalts, formed in the course of the crogenic movement, While Termry
 sediments are very limited in distribution, Quaternary deposits arc located at many places along
- rivers. Especially in the southernmost part of the country thick Quaternary deposits are formed
in an extensive plain of 100 km in width developing from the Mekong Delta North-West
toward Camboxtia,

From the geblogiml 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. T he geologlcal condmons of lhe Study Area are illustrated i in
;Figurc 4 1 and strallgraphy 15 prescnlcd in Table below '

Sedimentary Deposit/Rocks .
Cenozoic ' |Quaternary Deposit not cemented, clay, siit, sand and gravel
~ |Stltstone and mudstone

Neogene

bi Linh |Sandstone with cobble and siltstone,
: A_ mudstone containing coal and organic matters
- [Mesozoic [Cretaceous {Dong Duong [Rhyolite, dacite, (it and sandstone

Bao Loc Andesite, dacite, wif and sandstone
Jurassic o
Ban Don Mainly siltstone, sandstone and clayey &chist 7
Paleczoic” [Permian . jTa Thicl Sandstone, conglomerate, clayey schist and llmestonc




Igneous Rocks

Geological fTime ~|[Formation  [Geological Description

Cenozoic [Quaternary ~{Olivin basalt _ ]
' Dolerite basalt and olivine basalt '
Neogene _

Mesozoic ICretaceous Granite and diorite

Geological field reconnaissance was carried out for six out of 17 proposed damsites during 22
to 29 November 1994 in collaboration with SIWRP. On the basis of collected data, field
reconnaissance results and topographic and geological maps, geological conditions of the
proposed damsites, the location of which is referred to Figure 4.2, are summarized in Table
4.1.

413 Hydrogeology
In terms of hydrogeology, the Stidy Area can be divided into five areas, lower plain area,

central plateau area, gfanite—diorile area, coastal area and mountainous area as shown in Figure
4, 3 ‘The lower p!am area, situated on the eastern margin of the Mckong Delta covering Tay

" Ninh, Long An, Ho Chi Minh City and some parts of Song Be and Dong Nai pmvmces, is

characterized by flat terrain and overlain by unconsolidated sedimentary deposits of Neogene-

~ Quaternary ages. Among the sedimentary deposits, there exist five Jayers, mainly cOmpoéed of

sand and gravel, and are judged to have ample aquifers.

The central plateau area, characterized by gentle hill land and forined by basalt Iavqs empled m :
Neogen -Quaternary agcs covers the upstream reaches of the Be River and some parts of Dac :

_ Lac, Dong Nai, Lam Dong and B'1 Ria: Vung: Tau provmces The b'lsalts are 20 to 100 m
"thick, and layers bearing groundwater are identified as ﬁssure and porous zones honzontally :

cxkndmg in the basalts.

The granite - diorite area, sporadically situated on the eastern part of the Study Area and
composed of granite and diorite, covers some parts of Lam Dong, Ninh Thuan and Binh Thuan ,
provinces. Although only fractured zones formed by fault activities and cooling joints are |
identified as aquifer and are recharged with rain water, large scale development of groundwater
in the area is not recommendable due to the limited arcas of aquifer.

The coastal area, 0\%erlain by Quaternary fluvial deposit such as clay, sand and gravel and also
sand dune atong the 10 to 20 km wide seashore, covers south of Ninh Thuan and Binh Thuan
provinces. The Quaternary deposits with 20 to 40 m in thickness are judged to be a small scale
aquifer in terms of thickness.



The mountaineous area is characlerized by the mountain range formed by Cretaceous-Permian
sedimentary rocks. Aquifer ¢an scarcely be found in the area except for the fissure zone and
- river-bed deposit, resulting in less possibility of large scale development of groundwater.

Groundwater is tapped by two types of wells, i.e. dug well and tube well, for domestic and
industrial use in the Study Area. Dug well, around 1 m in diameter on an average, can be
found very easily in the whole Study Area as a private well used in each family except for
mountain region, Tube wells can be divided into two groups basically; one is for water supply
to urban area and industrial zones with 250 min in diameter, 50 to 300 m in depth and a
capacity of 15 to 50 m¥ hour. The other, for domestic use, is 40 to 80 mm in diameter and 30
to 40 m in depth in general.

"As of the year 1993, groundwater of an amount of some 640,000 m¥day is estimated to be
lifted in the Study Area; about 300,000 m3/day for domestic and industrial uses and about
340,000 m3/day for the use in the rural area,

“Development polentml and possible ylel(l of groundwater are evaluated 1o estimate its future
use. Development potenhal which is cquwa!ent to annual recharge is estimated by sublractmg
runoff and evapotranspiration from precipitation. Possible yield, which eXpresses exploua‘olc
amount, is assumed to be 0.6 times of developinent potential. | Following shows the estimatcd
result of development pdtential and possible yield of g.roundwater in the Study Area by

. province:
: . . _Unit: m¥%day
_Pravince Duelopment po(enhal Possible yldd of Presentusc of  Present use
il of groundwater . groundwater _groundwater - Potential
. Tay Ninh o 16287807 3772684 52,567 - 0014
f Song Be 5078042 3,045,625 _ 103,935 0.036
' Daclac 6,895,097 4,137,058 9,458 0002
" Lam Deng 7,391,228 4,434,737 30,498 0.007
_ Ninh Thuan 306,828 184,106 19,760 0.167
- Binh Thuan o 7934293 . . 4,780,576 34,305 0.007
Ba Ria_-V'ung Tau --3,260,289 1,956,161 21,840 0.011
Pong Nai 9,312,207 5,567,324 112,130 6,020
Io Chi Minh City D 3,523,881 : 845,731 207,998 © 0,246
- Long An ) 2,772,358 1,081,220 27,446 0.025
____________________ 61,591,928 29,805,222 644,481 0.022

Note: possnble yield of groundwatcr =Pwx 056
1) possible yield of groundwater = Pw x 0.6 x (1 - 0. 60)
2) possible yield of groundwater = Pw x 0.6 x (1 - 0.35)




The above Table tells thai there is large room to develop groundwater in the Study Area since a
present groundwater use of 640,000 m3/day is only 2.2 % of total possible yield estimated at
29,800,000 m3¥day. In proposing concrete development projccls of groundwater, detailed
assessment on aquifer, recharge and waler quality is however necessary at the site where
groundwater is actually exploited.

Figure 4.4, showing the development potential of groundwater in the Study Area, is prepared
based on the data and information obtained by the Study Tean, indicating that Lower plain and
‘Central plateau areas, where basalt extends, are promising for development of groundwater.

4.2  Meteorology and Hydrology

4.2.1 River System

The Study Area is divided into seven basins/zones; river basins of ﬂ_ie Dong Nai, Saigon, Be,
La Nga, West Vam Co and East Vam Co, and the coastal zone'covering Binh Thuan, Ninh
Thuan and Ba Ria - Vung Tau provinces.(refer 1o Figure 4.5). The catchment area of these
basins/zones obtained from the topographic map of 1:250,000 is measured at 48,471 km? in
the Study Area as summarized below:

~ River _  Definition of Catchment Area - Catchment Area i Study Area :
S N B R ..o MM .11 1; WEMR
o Dong Nai c'oﬁﬂuenc'eat the Be;Riverincluding - ;1'4,979:, : -1?1.979j -
S the La Nga Riverbasin ST A
Dong Nai from the confluence at the Be River 4,093 4,003
_ to the estaary _ |
Be confluence at the Dong Nai 7421 7,201
Saigon confluence at the Dong Nai 4MT 4316
West Vam Co -confluence at the East Vam Co . 92! o 921
excluding the west bank afea : L
Hast Vam Co including the estuary 8,546 5,005
Coastal zone estuaries with norih—east_em bound 11,9'56 : 11,956

of Khanh Hoa/Ninh Thuan province ) =
Total 52,639 48,471




It is noted that an area of 4,168 km2, which is the difference between the catchment area and
the Study Area, lies in Cambodia.

4.2.2 Méteorology

? {.l) Available Data and Records

" Officially, both meteo- and hydro-data are collected by the General Départment of Meteorotogy
and Hydrology. However, other governmental agencies such as Power Company No. 2
under the Ministry of Industry, the Ministry of Agriculture and Rura! Development, Economic
Institute, ete., are also =collscling hydrotogical data at the sites of their interest, which
sometimes are very crucial data for a basin planning.

~ Here is the discussion on meteorological data collected during the siudy pcnod as well as their
o avaliablhly

- Rainfalldata _ -

~ There exist 74 rain gauges in the Study Area {refer to Figure 4.6); five in the Be River

* basin, ten in the Saigon River basin, six in the East and West Vam Co River basins, 13in

the La Nga River basin, 23 in the Dong Nai River basin and 17 in the coastal zone. Of 74

‘rain gauges’l monthly rainfall data are collected from 36 gauging stations, which are

“considered as the representative ones mamly because of the sufficient number of years for
the observed duration. '

i Climate d'm , _ : P _
" Inthe Smdy Arca therc are 20 climate stanons (refer 1o’ Flgure 4 7) observmg air
temperature, evaporation by P:che relative humlduy, wind direction aud velocity and
sunshine hours. Collection is made for those data on monthly basis. '

(2) Climate.

' 'l‘hé Studjr Area is located in the tropical monsoon Zone. In the time period of May to October,
a high prevailing pressure in the central Asta forms South-West mdnsdon, bringing humid air
- from the Thai Guif to the Dong Nai River and surrounding river basins and causing the 'ra'iny
“season. The North-East monsoon brings northern dry wind from the Asian Continent during

 the period of November to April when the southem hemisphere is in summer, This dry wind
does not create considerable precipitation to the Study Area, bringing the dry season.



(3) Rainfall

An isohyetal map is prepared based on the monthly rainfall records of the 36 réprcsenlativc
gauges in the Study Area as well as some additional mean annuvat rainfall records obtained from
various sources (refer to Figure 4.8), showing a mean annual rainfzll of 1,945 mm,
Furthermore, the isohyetal map reveals that the highest rainfall is measured in and around the
Dac Te River with 2,800 mim a year. The mean annual rainfall decreases gradually toward the
south-west direction and reaches 1,400 mm at the estvary of the Dong Nai River. On the
contrary, the mean annual rainfall decreases hastily toward the south-east direction, i ie. the
coastal area, and reaches less than 800 mm around the Phan Ri-Mui Dinh area.

Using a total of 12 rain gaugc's,.which are well scattered in terms of aerial distribution with the
long-term observation and are selected fi rom among 74 éxisting rain gauges in the Study Area,
the annual maximum point rainfalls of 1,2, 3, 4, 10, 15 and 20 continuous days for those 12
stations are computed in this study, and following summarizes the estimated probable rainfalls

* of those 12 stations with a return period of 20 and 100 years for 1-day and 3-day durations:

: Probable Rainfall
. ~_l-day rainfall {(mm) 3.day ramfall (mm)
‘Station ) 20-year 100-year 20-year . 100-year -
DiLin - 139.8 182.6 - 2015 2589
Bien Hoa ' 143.6 176.4 217.0 270.4
DalLat ' 209.8 289.3 - 3023 - 407.6
Dau Tieng 2033 263.1 265.0 3330
Long Thanh : - 199.6 2599 2697 3441
Phan Thiet 1343 1722 185.2 236.7
Phan Rang 1929 2564 . 2780 . 3685
Tan Son Nhat . 133.0 160.3 : 191.7: - 2263, . .
Tay Ninh - 14506 1788 . ¢ . 2134 0 2617 :
PhuocLong : ., 1951 . 2473 © . 2493 . . 3004 ¢ ‘
VungTau =~ 4710 - T 122060 . 2156 0 0 271.2:

Xuanloc 1 2018 2684 2579 o 3292

The Da Lat station has the largest probable rainfalls among 12 stations, whilst the smallest
appears in the Tan Son Nhat station.

(4 Air Teahperature

Air temperaturc in the Study Area is lowest in winter (December and Jaiuary) and increases as
season approaches into spring: On the other hand, air temperature reaclhes highest durmg the
suminer in the April/May period. It is observed that there is no SIgmf;cant difference in air
teimperature thioughout a yéar. Furthermore, air temperature decreases with the increase in
elevation. " In Tan Son Hoa (Bl 9 m), mean annual aiv temperature is found to be 27.4°C,
wheteas in Xuvan Loc (EL !80m) 26.8°C, and in Bao Loc (£l 850 my21.7 °C. While the daily
data are not obtamed it is said Ihat the air lempemturc. difference in a day is approximately 7 to
8°C.



(5) Relative Humidity

Mean annual relative humidity in the Study Area varies in a range of 77.4 % at Tan Son Hoa
climate station to 85.6 % at Bao Loc climate station. Relative humidity is high in the rainy
season from June to October, reaching 85.8 %.

{6) Evaporation

Evaporation is measured by Piche in most of the climate stations in the Study Area except in Da
Lat, Bao Loc, Lien Khuong, Phan Thiet and Tan Son Nhat Airport where evaporation
measurement is obtained by pani. Seasonal variation shows that evaporation is high in the dry
season, especially in March with a value of 162.8 mm per month.- Maxinuin evaporation is
measured at the Dong Xoai station with a mean monthly evaporation recbrding of 138.4 mm
per month, however, it is noted that this data was only obtained through one-year obselvalion,
Mcénwhilé, a monthly evaporation of 121.1 mm is recorded at the Phan Thiet climate station.

{7) Sunshine Howrs

In the Study Area, mean monthly sunshine hours vary from 5.4 hours in August ta 9.1 hours
in February with an average of 7.2 hours. o

(8) Wind Velocity and Direction
" The data obtained for the wind velocity and dircction in the Study Area show that prev_éiling
~ wind from South-West is formed through the rainy season during May to October by the high

- pressure in the Central Asia as noted previously.  The obtainéd data also confirms that the
- North-East monsoon brings northern wind duiring the dry season from November to April.

4.2.3 " Hydrology

(1) Available Data and Records

-+ Discharge data L
" 'There are 15 discharge stations in the Study Area (refer to Figure 4.9). Using a rating curve
- developed for each station, observed water levels are converted to discharge.

- Water level data
There are 23 water level stations mainly in the downstream reaches of the Dong Nai and
Yam Co rivers where backwater by tidal effects is significant. These water level stations are
established for the suivey of salinity intrusion.




(2) Runoff

@ Mean annual runoff and specific discharge for the 15 discharge slations are computed by using
collected monthly runoff data as shown below:

Catchment  Mean Annual Specific

Station Name Area Runoff Discharge:
) B _ (kmy {m¥/sec) (cms/km?y

An Vien 264 7.6 0.0288
Can Dang 617 10.79 0.0175
Dai Nga ' 373 17.29 0.0464
Dau Tieng 2,700 57.7 0.0214
Dran 715 21.92 0.0283
Loc Ninh 500 11.63 0.0233
Luy 982 12.60 0.0123
Nha Trinh (before Da Nhim construction) 2,140 62.24 0.0291
Phu Dien 3,060 120.93 0.0395
Phuoc Hoa 5,765 217.07 0.0377
Phuoc Long 2,215 101.54 0.0458
Ta Lai {without Dran Catchment) ' '8850 299.08 0.0338
Ta Pao 2,000 75.78 0.0379
Thanh Binh ' 294 8.5 0.0289

_Tri An (without Dran Catchiment) ' 14,025 542.0 _ - -0.0386

: Mean annual runoff abserved in the basins of the Dong Nai River (both main stream and its
%r . tributaries; Dran, Ta Lai, Tri An and Thanh Binh) falls in a range of 0.0283 cmsfkm? at the ﬁ
 upstream tributary, Dran, to 0.0386 cins’/km? at Tri An in terms of specific dlscharge while in

the Be River basin, the SPCleIC discharge of mean annual runoff varies from 0.0377 cms/km?

at Phuoc Hoa to 0.0458 cms/km? at Phuoc Long. In the L.a Nga River basin, the specnﬂc
- discharge ranges between 0.0379 cms/kinat Ta Pao and 0.0464 cins/km? at Dai Nga. In the

* Saigon River basin, it varies from 0. 02]4 cms/km? at Dau Tieng to 0.0233 cmis/km? at Loc e .

Ninh. The specxﬁc (llscharge of the Edst Vam Co River is found to be 0.0175 cms»‘km2 at Can 7 [

Dang
(3) Data Scatiny

" Scrutiny of ranoff data obtained at the 15 discharge stations in the Study Area is attempted by
computing the runoff coefficient as shown below: '



Station " Rainfali (mm) " Runoff Depth (mm) Runoff Cocfn(:lem

An Vien 2,114.2 013,14 0.43
Can Dang | ,91 8.2 553.8 0.29
Dai Nga 2,558.1 t,469.9 0.57
Dau Tieng 2,038.7 650.3 0.32
Dran 1,767.2 805.2 0.5¢
Loc Ninh 1,987.1 736.0 0.37
Luy 1,486.8 406.9 0.27
Nha Trinh 1,334.3 921.1 0.69
-Phu Dien 2,402.5 1,252.6 0.51
Phuoc Hoa 2,359.2 1,188.8 0.50
Phuoc Long 2,424.2 -1,453.7 0.60
Ta Lai 2,385.2 '1,070.4 0.45
“Ta Pao 2,462.4 1,201.6 0.49
Thanti Binh £,733.8 915.7 0.53
Tri An 2,388.5 1,218 051

In analyzing the above-obtained runoff coefficients, there is a lehdency that the runoff
coefticients of the East Vam Co River and Saigon River basins fall in a range of 0.29 at Can
Dang to 0,37 at Loc Ninh., Similarly in the Dong Nai delta, runoff coefficients are found to be
in a range of 0.43 at An Vien to 0.51 in Phu Dien. Runoff coefficients increase in tlic
mountain area where annual rainfall is higher than the delta. in this mountain area, the mnoff
coeflicients have a tendency to fall between 0.51 at Dran and 0.60 at Phuoc Long.

On the other hand, the ranoff data at Nha Trinh can be judged to be less reliable due to the fact
that the runoff coefficient of 0.69 at Nha T_ri'hh is high when compared with the runoff
coefficient of nearby stations (0.51 at Dran and 0.53 at Thanh Binh).

(4 lIydrologi(‘al Measurement

I As part of the venﬁcauon of daschargc data niade avallable mlenswc discharge measurements

: havc been performed during the field work of Phnsc I[ in order to eslimate the accuracy of -
existing water level versus discharge curve (- Q curve) now being used at the selected

- discharge stations. As the results of hydrological measurements, no sigaificant error is found
in the rating curves carrently used.

(5) Low F'low‘ Study

' f'IIu, Obj(‘CllVe of the low flow sludy is to obtain daily runoff data at’ disch'lrge stations for a
‘continuous period of 30 years and to obtain a non- dimensionalized storage-draft curve at each

discharge station. These dally discharge dala are to be used later for the development and
' “analysis of storage-draft curve at each damsite in the Study Area,

Runoff data at the discharge stations in the Study Area are not available for a continuous period
of 30 years, but available for rainfall data. This situation encourages to predict 30-year
continuous daily runoff data at a discharge station by applying a rainfail-renoff simulation



model. In this low flow study, Tank Model developed in Japan is used as the simulation
model to predict 30-year continuous daily runoff data.

Based on the daily simulated runoff so obtained, estimated mean monthly runoff for each
discharge station for the duration of 30 years is obtained. Storage-draft curves for those
stations are developed as presented in the Appendix 1lt. Furthermore, monthly runoff is
prepared at the proposed damsites by mulliplying the ratios of catchment arca and mean annual
rainfall. '

{6) Flood Analysis

Flood analysis is carried out with two objectives; one is flood mitigation-and the other is to
estimate the design flood at the selected damsites. For the flood mitigation analysis, one of the
distributed models, the storage-function mode! developed in fapan, is applied to predict design
foods, whilst the design flood at the selected damsites is estimated by applying the Creager’s
formula. '

Basic design flood discharge for the flood mitigation analysis is predicted by applying the’
estimated probable rainfall and the storage-function method as summarized below: '

Basic Design Flood Discharge

Station . 20-year flood(mi'/s) 100-year flood(m/s) .
“faLai 4,904 6,558
Ta Pao 1,614 ' 2,100
Phu Dien 995 1,235
TriAn . | 6,459 : 8,265 -
. Phuoe Hoa - . _ 2,691 ‘ 13,230 -
. Dfesg 235U 3070

The spiliway design discharge for the proposed dams is estimated by ‘applying Créage}’; .
formula as follows: RIS i
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Design Spillway Discharge

Proposed dam Basinarea Creager's C Design discharge
L L (kY ) ) {(m¥s)
(Dong Nai Main) '
Dong Nai No. 1 3,802 38 8,923
Dong Nai No. 2 3,043 38 9,050
Dong Nai No. 3 4,361 38 9,408
Dong Nai No. 4 4,530 38 9,545
Dong Nai No, § 6,196 38 10,725
Dong Nai No. 6 7,051 38 11,237
Dong Nai No. 8 9,822 38 12,617
(La Nga River) : , ' _
Bao Loc 1,150 38 5,389
L.a Nga No. 3 2,000 38 6,873
(Be River) _
Can Don 3,440 25 - 5,645
Fu Mieng 4,410 25 6,216
" Phuoc Hoa 5,765 25 6,872

(7) Sedimentation

" A sediment analysis is made to estimate the long-term sediment loads which would be
deposited in the reservoir. According to the collected sediment data, annual sediment load is
estimated at 273,964 ton/year, resulling in a denudation rate of 0.114 mmvyear.

* Taking into consideration the fact that the denundation rate in the South-east Asia falls in a few
millimeter a year, a denudation rate of 1.0 mavyear is used in this study as the guideline figure.

* (8) ' Tides at the Saigon Port and Sea

: Tidcé at the river mouth are an impdmm factor for the studies of drainage and salinity intrusion
problems and thus tide data are col Iected at the Vung Tau post near the cslmry of the Doiig Nai -

Rlvcr and at the Salgon port (Phu An Station) i in the Salgon River.

: \fiean hlgh {or low) water level (MWL, or WLWL) which is defined as an averagc of |

nionthly highest (or lowest) tide levels in this study, varies seasonatly. The MHWL, at Vung
Tau fluctuates for a range of 0'66 m seasonally from the maximum in December to the

~minimum in Auousl while the MHWL at the Saigon port varies for a range of 0.48 m. On the

| other hand, seasoml variation of MLAVL has two peaks in March and September and bottoms
o in JunelJuly and Dcccmber wnlh an annual difference of 0.64 m at Vung Tau and 0.82 m at
f Salgon port.

4.2.4  Installation and Measurements of Automatic Rainfall and Water Level Gauges

“In order to improve the hydro-meteorological networks in the Dong Nai River and surounding
river basins, it was decided that during the Study period, three automatic water level gauges
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and seven awtomatic rainfall gauges would be installed in the Study Area. During the first field
work, efforts were concentrated for the sclection of sites and iistaitation of automatic gauges.

As a result of fieid work, following sites have been selected for the installation of new water
tevel and rainfall gauges: (1} water level gauges: An Vien, Ta Lai and Ben Than and (2) rainfail
gauges: Ngoc Son (Phu Son district People’s Committee), Dat Ninh damsite, Song Luy
gauging station, An Vien gauging station, Ben Than gauging station, Katum gauging station
and Kien Duc gauging station (refer to Figure 4.10). Actual installation work was carricd out
over a time period of December 1994 to March 1995,

4.3  Physical Environments

4.3.1 Land Use

Present land use in the Study Area has been identified by the Sub-national Institute for -
Agricullural Planiing and Projection (2 (\UAPP) in HCMC based on satellite imagery of
LANDSAT TMS taken in Febmazy and March 1994 as summar ized in Table 4.2. '

Mekong delta in the Study Area covers about 5. S % of the Study Area. Paddy field is the
major land use in the Mekong area, occupying 56.8 % of the arca. Canal network has ‘'well

' been developed for the irrigated paddy cultivation. - TIrrigated paddy arca covers 50.8 % of the
~arca. However, only about 42 % of the'irrigated paddy area is under double and hlple:
_1rrigauon Another noteworthy fact is that the double or smgte rainfed rice croppmg is, -
“practiced in an area of 64, 000 ha. The \flekong delta area has well been developed except for
‘bare land which might be left behind from the development duc_: to acid sulphate soil. It is

noted that the word of Mekong delta in the Study Area is used for ecological discussions and
that the word of HCMC-Long An delta is used for the samie area when discussions are made
for specific projects.

Southeast region in the Study Area is the largést area sharing about 48.3 % of the Study Area,

About 53% of the area has been developed for agricultural production. Main land uses in the
remaining areas are a forest of 24.29 % and a bare land of 14.94 %. About 18.5 % of the arca

is irrigated, of which only 3.82 % is double irrigated. Single irrigated rice fields extend for

160,750 ha. Rubber and paddy are the main crops in the area.

Central highlands in the Study Area covers 22.8 % of the Study Area. The arca is
mouniainous with a forest coverage of 66 % and is one of the least developed areas in the

~ country. Agricultural Jand is as little as 1 3.42 % of the area. Bare land occupies about 18.4 %
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of the atea. Tirigated area is 6.95 %, of which 1.71 % is currently used for double cropping of

rice.

Coastal region in the Study Area covers 13.4 % of the total Study Area. Soil fertility is low
with large extents of sandy soils and with an arid climate. TForests area covers 35.55 % of the
area, followed by bush/grass area of 23.9 % and bare land of 16.89 %. Irrigated rice area
occupies only 1,05 % of the area.

4.3.2  Soils and Land Suitability

According to the information from NIAPP, land in the Study Area has 36 soils grouped by the
Vietnamese standard. . Predominant soif in the Study Area is Yellow-r_ed soil (Ferralitic soil)
covering 47 % of the total area, fellowed by Grey soil of 21 % (refer to Table 4.3).

Land suitability for crop production in the Study Area is identified based on the information

from the Sub-National Institute for Agricultural Planning and Projection. Land s'uit’ibilily

ciassnﬁcauon criteria made by the Sub Institute are discussed in Appendix VI in detail, and

- arcal extents by the land suntablhty for irigated paddy, rainfed pa(ldy and perennial crops are
shown in the following Table: '

Land Smlabillty Classification for Crops

o Local Paddy, _
Smtablhty . HYV Paddy ._Upland Crops Perennial Crops
Unsuitable | _ vy 376,530 ha " 91 % 2,845,640 ha 59 % 2,484,610 ha 52 %
Highly suitable. ~ 157,640ha  3'% 269,380ha 6 % O ha’ %
Moderately suitable . 195,000 ha 4 % 1,524,360 ha * 32 % 1,143,250 ha" 24 %

Marginally suitable 93,120ha 2 % 182910ha 4 % 1,194,430 ha - 25 %

" Total 4,822,200 ha_100 % 4,822,290 ha 100 % 4,822,290 ha_100 %
Remark: River, lake, city and town areas of 131,340 ha are excluded in the calcutation.

Land suitable for paddy development is estimated at 9 % of the area, while at present 13.89 %
of the arca has already been developed for paddy arcas. It can be said that a]mosmll fand
" suitable for paddy development has aIrx,ad) been developed for paddy fields, and that there are

' over cxplonlanon in the unsuitable areas for paddy fields such as in steep land, land on strong

acid sulphate soils and sandy land.

~ Land suitable for upland crbp’s is estimated at 42 % of the area. Land utilized for upland cr'op;s
including fruit trees and plantation crops is 23.31 % of the arca. Major parts of present paddy
ficlds could be utilized for upland crops if drainage facilities are provided. So, 37.2 % of the
area could have been used for upland crops. There is some potential for further development
of land for upland crops, fruil trees and plahlation Crops. | '
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Seven areas which have high potential for irrigation development were classificd by present
Yand use and land snitability for irrigation agriculture in the fivst home office work. The present
land uses identified were revised based u‘ponlthe ground checks. Land suitability maps
prepared by Sub-NIAPP are too small in scale, 1:250,000, to identify potential for irrigation
development by project-wise, so that the agricultural development expert made land suilability
maps based on physiography, which was identified using 1:100,000 topographic maps. Land
silitability criteria for ivigation development are shown in the following Table:

Land Suitability Criteria for Irrigation Agriculture

" land LandFomm  land Porninant Slopes Dominant ___ Land Suitability

" System Unit " Slopes Pakly  Upldnd Crops
1 Alluvial Ia  Present river channel : . B B
plain 1b  Sand arid gravel bars B B
Ic  Low termace A A
Id  Higher lerrace A A
2 Alluvial fans 2a  Very gentle slopes A A
or apions - 2b - Genlle slopes 1.5° A A
2¢  Undulating = 1-3 A A

2d  Highly dissected _ 0-20° B A

3 'Depositional 3a Depression < 0.5 A A
" basinor 3b  High position, fon-dissected <2 A A
plateau 3c  Gently rolling - _ 1-5° A A
. R Highty dissected . 030 B B
"4 Mountain or “da Moderate to stecp slopes < 20° B A
hill : _ 4b  Steep to véry steep slopes > 20° B B

5  Tidal swamp ‘s e B ‘B

Remarks: A; Suitable, B; Unsuitable

. Development areas in the md;wdual schemes were classified accorclmg to the prcscnl land use
and land sultablhty to irrigation development.: The results are presented in Table 4.4, zmd
furthier detailed resulis of this land smtablllty analysis are complled in Data Book

4,4  Natural Environment

'4.4.1 - Flora, Fauna and Biodiversity Values

(1) Perspective

Historically, Viet Nam was considered to have eight agro-ecological zones including the
Northem Motintains; Northern Midlands (North Highlands and Midlands are divided into two);
Red River Delta; North Central H:ghlandsﬁl’laleau Nonh-easi of Southland and Mekong Delta
- {refer to F)gure 2.1). Extensive parts of the upper catchment consisting of upper midland,
highland and steep river valleys in the Sludy Area rem'un undlslurbed particularly in the Dong
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Nai and Be River catchments. These are, to a large extent, the areas under the control of the
Ministry of Agriculture and Rurat Development and include Production, Protection and Special
Use Forests.

Over 40 % of Vicinamese recorded 7,000 floral species are endemics, i.e. occurring only in
Viet Nam, with further new endemic species considered likely also to occur; patticularly in
wetland ecosystems since these have not been fully sampled. The country’s fauna is also
diverse with over 270 mammals, 800 birds, 180 repiiles; 80 amph'ibiahs,-’g.’.SOO fish and

“invertebrates, i.e. 2000+ being marine species, and 5,500 insects having been identified.
Considerable scientific interests exist in the country's flora and fauna particularly as a result of
recent discoveries of new mammals, i.e. a small bovine (cattle like) animal (Vu Quang ox-
Psecudoryx spp.) and a species of Giant Barkmg deer (Muntiacus spp.) in the highliands of
central Viet NanvLaos border area.

(2) TFlora Resources Status and Use in the Study Area

As with other parts of Viet Nam, vegetation in the Study Area is diverse but residual areas rich
in diversity and continviity are diminishing rapidly. This applies throughout the Study Area but

particularly to the highland areas of the upper Dong Nai and Be River catchments. With over
7,000 plants and 1,400 species of epiphytes, fungi and periphytes identified, the polential
exists for hundreds of flora species to occur in undisturbed areas such as the m'iccesmble

rwerme ecosystems.

: lntmsmns into remote areas for sh:flmg cultivation, loggmg and exploitation of lngh quality

woods, e.g. Afze!m spp. and Sindera spp, minor forest, producls e.g. rattan, vesins and . ¢
natural friit and medicinal planls are common in ar¢as inhabited by minority ethnic groups,ie.
~ hilliribes such as Nung and Cho-ro in Dong Nal provmce Mieng in Song Be p:ovmce and Lat

' and E-dein Dac Lac prownce

Recent reports relating to required programmes for protecting the country’s biodiversily
indicate a serious Jack of scientific data relating to wetland ecosystems, a diversity of which is
associated with the rivers, reservoirs and estuaries in the Study Areas.

©(3) - Wildlife Habitat and Resources in the Study Area

"The Study Area has a diversity of wildlife habitals ranging from undisturbed midland and

: u'piand primary forests to extensive grass and herbaceous scrub (barren areas) includ ing some
excellent inland and coastal wetlands. It is probable that virtually the complete range of main
mammals as listed in Table 4.5 occurs somewhere in lhe Study Area, except possnbly the
endangered species Kouprey (Bos sauveli 13
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((i) Aquatic Ecology and Fisherics in the Study Area

Basically, the river fish species are similar to those of the lower Mekong system with species
distribution and productivity being controlled by river elevation and hence water temperature,
flood regime and water quality. As elsewhere in Southeast Asia the main riverine and estuarine
fish species would be dominated by the Cyprinids (Carps); Bagridac and Siluridae (Catfishes)
and the universal predators Sﬁakehcad (Ophiocephalus spp.) in the river sections and Seabass
(Lates ca!;crfer) in the estuarine zoncs. Analyses of dala avmhblc on fish dlsmbuuon in the
lower/central Mekong River Basin indicate Cyprinids to account for 35 to 45 % of species
present (pers. data source).

(5)  Aguatic Resources Industries and Development

Aquaculture is now the dominant source of fish and crustacean production, i.c. prawns and
crabs, in the freshwater and estuarine waters of the Study Area. Grass, Silver, Bighead and
Common Carp species are all raised using cage culture in Tri An and Dau Tieng reservoirs.
Tiger prawns (Penaeus monoclon), and White/Banana prawns (P.indicus} and some Seabass
are raised in ponds in the estuarine zones. Most of these ponds are locatedt southeast from Nha
Be to Vung Tau in former mangrove areas converted to aquaculture ponds and are supplied

~ from a modern prawn hatchery located near Vung Tau.

4.4.2  Forest Cover

' “The 'miua} extent of forestry land altered to other land u3c, pmposes in recent years is dlfhcu!t to
. ascértain but this is ‘preliminarily ]lldlCﬂttd by the Ioss to dcforestallon it is, indicated that
" approximately 30 % of the forest cover of the Study Arca was lost i in the 1943 to 1991 penod ;
" including over 24,000 ha or 1 1 % of the remaining forest cover in the 1973 to 1991 period.

This is possibly an underestimate.

Extensive community and district forestry plantations have been developed by the various
agencies of the Ministry of Agriculture and Rural Development and the Peopte's Comimittees at
various administeative levels. Communal agroforestry programnies are w1desp1ead lhroughout '
the lower and middle reaches of the Dong Nai River basin wilh excellent examples of mixed

- use of Bucal}pms camadulensis and Acecia magninm plamauons mcludmg integrated use for
- pulpwood, firewood (thinnings and refuse), poles and charcoal, being evident in the immediate

surroundings of the Dong Nai River and around of Tri An reservoir.
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4.4.3  Protected Areas and Conservation Issues

As of the year 1992, there were 87 Protected Areas (PA) or Special Use Forests (SUF)
covering about 3 % of Viet Nam’s land area or aboul.993,000 ha. Recent assistance to the
Ministry of Agriculture and Rural Devclopmehl by conservation-oriented NGO’s, particularly
the TUCN, has recommended expansion and consolidation of Protected Areas into a more
representative system covering Viet Nam's natural resource base and diversity and to include at
least 2 million ha covering approximiately 6 % of the counlry,

Wetland ecosystems in Viet Nan: contain at least 30 genera of flora due to the piesence of the
Mckong Delta and inland riverine swamps and are indicated as having a greater biodiversity
than those of other Southeast Asia ecosystems, e.g. Thailand (24 genera) and Philippines (19
-genera). Of particular ecological and economic values are the Melaleuca leucadendron or
“tram” forests (acid coastal and Mckong Delta swamps), coastal mangroves (Rhizophora,
ascilata or “duoc”, Avicennia alba or “nam quan™ and A.intermedia or “nam den™) and the tidal
zone river fringing plant Mpa j'ruhcans or “dua nuoc”. Likewise there are several rar¢ or
endangered wildlife species associated with these wetlands.

A comprehensive system of Wetland Reserves has been proposed to the Ministry of
Agriculture and Rural Development by the TUCN. This includes 10 wetlands including two
lowland feservoirs {Tri An and Dau Tieng) and two highland reservoirs Da Nhim (Don Duong
Lake) and Ankroet (Dan Kia Lake) in the Da Lat area.
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5. NEEDS OF WATER RESOURCES DEVELOPMENT
5.1  General Background

Vietnamese cconomy enjoyed its high performance of more than 8 % in terms of the annual
GDP growth rate in last a few years. The Government launched a mediumi-term economic
development programme toward the year 2000, so-calted “Socio-cconomic Stabilization and
Development Strategy to the year 20007, in which economic devetopment is targeted to sustain
7.5 % in the annual GDP growth rate.’ The World Bank predicts 6.0 % of GDP growth over |

~ aperiod of the year 1990 to 2010 as the most probable scenario.

The Southern Focal Economic Area (SFEA), which covers the main part of the Study Area,
acts as a locomotive of economic development in the nation along with the Hanoi-Hai Phong
area and the Da Nang area. This area covers the whole of Ho Chi Minh City, Dong Nai
province and Ba Ria-Vung Tau province and a part of Song Be, Tay Ninh, Long An and Binh
Thuan provinces with a land area of 12,400 km? and a population of 7.8 million. -It includes
the so-called “Economic Triangle Zone” that is formed by the three places of Ho Chi Minh
Clly Bien Hoa and Vung Tau and is emerging as a focal place of econonic developnent in
Viet Nam. According to the study made by the Ministry of Science, Technology and
Environment, the expected GDP growth rate in the avea up to the year 2010 is 1210 13 %

Needs sought to the water resources sector for sustaining the economic development in SFEA
mcludmg the Economic Triangle Zone are to supply electric power gamcd through the -
development of hydropower as well as domestic and industrial water.

The east coast area, covermg Ninth Thuan and Binh Thuan provmces is economu:ally !aggmg :
~ behind from the other ruglons in the Study Area along with the cemral hlghland 1rea lhc '{rea
" is fairly dry with less ramhll, and the coastal rivers are gcnerally small in the catchmem area,

resulting in the limitedly available water resources. These conditions are impeding the
expansion of irrigation schemes, and the extreme shortage of water in the dry season is causing

“the low cropping intensity in paddy cultivation.

Nevertheless, this area has the largest potential for the expansion of irrigation schemes in the
Study Area. The lotal area of the potential lmgatlon schemes concentrated in this area is -

estimated at more than 40 000 ha. Av*ulable water in the area f'tlls short of developing these
-potenml schemes, and the possuble measure to solve this prob]em is to divert waler from the
.Dong Nal River basin to the coastal arca. Full explomuon of the local water resources such as
he Cai and Luy rivers is also required for this purpose.

There is an area called ‘-‘liCMC-Léng At Delta”, which extends in the low-lying downstream

teaches of the East Vam Co River and administratively belongs to Long An provinee and 1o

Chi Minh City. Most'of the HCMC-Long An Delta is short of irrigation water and suffers from
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acid soil and salinity intrusion that takes place in the dry season, causing adverse effects to
agriculture and peoptle’s déily life. -A possible measure to improve this situation in the HCMC-
l.ong An Delta is to introduce fresh water by water transfer from the Dong Nai River basin to
this area.

Needs for water resources development in the Study Area including the discussions above are
specified as follows: '

a) Development of hydropower to cope with chionic shortfall of clectric power in the
‘southem Viet Nam, especially acute in the dry season,

b) Development of domestic and industrial water supply to secure healthy manpower and to
sustain the economic development in the SFEA,

¢}  Agricultural development in the cast coast area, where shortage of water is one of
shackles in the expansion of the irigation schemes,

dy  Agricultural development in the low-lying HCMC-Long An Delta area, where fresh water
is seriously lacking in the dry séason for irrigation, acid flushing and salinity tepulsion,

) Development of the promising irrigation schemes in the areas other than the east coast and
the HCMC- Long An Delta which are in the planning or potential status,

H Explouanon of groundwater for water supply and agricultural development in the Stady
. Area and

g) Pro:not:on of af forestation in the areas where deforestation 1o cause excessive soil erosion
- and sedimentation is progressing. '

§.2  Hydroelectric Poiwer Development

5.2.1 - Present Situation of the Whole Country

The cnergy sector is subSidmially different in each of the three main regions of the cdmﬁry. In
the north there is now an excess supply of hydropower along with the operations of coal-fired
pléms that are functioning at some 50 % of their capacity. The economy of the north has
traditionally been coal-based and oriented towards heavy industiy; it is growing relatively
slowly compared to the southern region, and, in par_lic'u!'ar, the dynamic Ho Chi Minh:City
area. The central pari of Viet Nam is generally less developed and less well-served by the
electricity system; annual electricity consumption per capita is 52 kWh a jrcar compared to
110 kWh a year in the north and the south. In terms of energy developnieht. the southern
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region is characterized by shortage of clectricity generation, particularly in the dry season, In
general, electricity consumption has been constrained by supply fimitations in the south and

centre.

The regional power supply characteristics in the year 1994 are summarized as follows:

Power Supply Characteristics in the Year 1994

Description Northern - Central Southern  Viet Nam
| _PCl_ PC3 PC2 Total
Population 33,204 10,458 36,275 69,938
(miliion) @n (15) (38) (100)
Avaitable Hydro Capacity 2,028 85 713 2,826
(MW) (72) (3) (25) - (100)
Available Thermal Capacity 652 115 558 1,325
(MW) (49) ©) @) (100)
Av*ulabieTotal Capacitly 2,680 200 1,271 4-,151
' (M) () R O N G1) (100)
Energy Generation 7,142 253 4,300 12,159
(GWh) (59) @ (9 (100)
Energy Sales 4,186 764 4,248 9,198
" (GWh) % (8) (43) - (100)
Peak Load in 1993 1,076 190 817 2,083
- (MW) ' 62y - . - 3% - (100)

Note: Figures in parcmhcses_ show percent sharc‘s in the wholc of the nation.

Both the cemral and southem regions ave prcsently 1mp01tmg elccmcny from the riorthern
reg:on with rather high systcm losses in'a range of 20 to 25 % in the counny

5.2.2  Present Situation in the Study Area

In the southem region, the total power generation in the yeér 1993 waé 4 667 GWH of which

| 2,790 GWh (60 %) was generated by the hydropower plants and the remmmng consists of
' 1 140 GWh (24 %) of oil-fired thermal, 716 GWh {15 %) of gas turbine and 126 GWh

(2 %) of diesel.

The annual growth rate of power consumption during last 10 years was approximately 10 %.
Major demand sectors are industrial sector (50 %) and residential (houschold/lighting) sector
(36 %), followed by non-industrial (commercial/services) sector {10 %).
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