The existing capacity of power plants under PC2 in the year 1994 excluding power supply
through 500 KV transmission line from the north is listed in Tabte 5.1 and is summarized as
follows:

Installed Capacity (MW) Available Capacity (MW)
a) Hydropower 713 713 (56 %)
b)  Ol-fired Theymal 205 193 (15 %)
¢)  Gas Tirbine 388 287 (23 %)
d) Diesel 201 78 - {6 %)
oo Mot 1,507 1,271 (100 %)

The 500 kV transmission line began its first operation in June 1994 with the maximum sénding
power capability of 300 MW between the Hoa Binh substation in the north and the Phu Lam
substation in the south with approximately 1,500 km distance. The second stage of the project
completed in September 1994 with the maximum sendi'ng power capability of 500 MW to the
south and tapping two substations in the central region (Da Nang and Play Ku),

. In December 1994, it transmitted 256 GWh of energy in a month, which is equivalent to

- approximately 70 % of monthly load factor for the design transmission capability of 500 MW.

" The maximum sending power of 630 MW was recorded at the Hoa Binh substation and the
maximum recciving power of 478 MW at the Phu Lam substation in January 1995,

: The power transmission ne(work of each region is connected to the main trunk (national gr:d) '

“through the 500 kV transmission line, and in this respect, ‘more power and encrgy transmission

: flom the norlh to the south will be expected. However it is also neccssary to consider possible

| .hansmrss:on loss due to the long distance of ehergy transmission.’ It is also 1o be noted that f

' l_there isa poqsﬂ)lllly of system wide blackout in the Southem systcm due to technical reasons or
lnppmg of the lme dueto typhoon damage and so on. '

~'Since the southemn region has been showing the fast economic growth for last ten years and is
expected to continue ils economic growth as the major econontic centre in the country in future,

"its power generation ex'pansion planning aiming at self-sufficiency is one of the key factors to
secure the stable national econoniic growih,

‘- ‘323 * Historical Trends of Power Conisumption and Generation
~ The growth rate per annum of the total demand over the time period of the year 1980 to 1993

was 8.81 %, where the gr’o&vlh rates of industrial, non-induslrial, transport and household
demand were 7.63 %, 7.84 %, 5.48 % and 10.51 % respeclively. Lea_ding drive force of




the élcctricily consumption is therefore the rapid increase of houschold demand assumed to be
mainly light demand.

Hydropower generation recorded 7,965 GWh, accounting for 74 % of the total power in the

year 1993 (1,488 GWh, 42 % in the year 1980 and 5,369 GWh, 62 % in the year 19%0).

Such a large increase has been achicved by commissioning the Hoa Binh hydropower station

(seven units installed as of the end of the year 1993 out of total 240 MW x 8 units) and the Tri-
An hydropower station (100 MW x 4 units).

Annual growth rates of power consumption are summarized as follows:

: : Average

Year | 1980/85 B 1985/90 1990/93 i 1980/93
Whole Country 7.70 % 9.85% | 8.97 % 8.81 %
Northem Region 8.714 % 8.03 % 7.02 % 8.07 %
Central Region 13.62 % 9.64 % 13.66 % 12.08 %

_Southem Region 538% 1238 % 10.48 % 9.20 %

- 5.2.4  Power Demand Forecast

In the “Master Plan Study on Electric Development in the Socialist Republic of Viet Nam”,
Draft Final Report, July, 1995, prepared by JICA, an ecconometric approach was adopted for
the 'power demand forecasting model and the power demand was forecast up to the year 2010.

- Smce the target year for this Dong Nai Water Resources Master Plan i is, ‘2015 demands are
‘extrapolated for the additional five-year period of the year 2011 to ‘ZOH b’:sed on an . -

assumption that the macro economic and sociat indicators wdl not vary and that the growlh rate

for the total GDP growth rate (%), the population glOWlh tate (%), the clectnf;cauon ratioand -

so on in the said time penod of the year 2011 to 2015 will remain tlie same as that for the time
period of the year 2006 to 2010. '

“The demand forecast for the addilional five years up to the year 2015 is then extrapolated for
- sector-by-sector in the southem region and the summary is tabulated below:



Summary of Power Demand Forecast for the Southern Region (PC2)

~ (Demand Basis)
L ) L {Unit : GWh)

Year 2000 2005 2010 2015
Industry Low Case 4,640 8,546 13,991 22,842
Base Case 5,327 10,444 18,128 31,353
High Case 5,736 11,894 21,857 40,021
Agriculture Low Case 181 223 263 309
Base Case 186 240 308 395
High Case 186 240 308 395
Others Low Case 776 929 1,062 1,211
Base Case 829 1,008 1,159 1,330
High Case 864 1,070 1,239 1,431
~ ‘Residence Low Case 2,611 4,304 6,519 9,821
Base Case 2,869 4,989 7.859 12,293
High Case 2,998 5,403 8,730 . 13,989

Total Low Case 8,208 14,002 21,835 34,183
Base Case 9211 16,081 27,454 45,371

HighCase .- 9,784 18,607 32,134 55,837

Summary of Power Generation and Peak Load for the Southemn Region (PC2)
' (Generation Basis)

(Unit; GWh)

2000 2005 2010 - 2015

- Low Case 10,261 17,286 26,306 41,184
Generation ~ Base Case 11,514 20,595 33,077 . 54,663
L . High Case 12,231 22972 38715 67273

ST ;_ Low Casc 1952 37289 5005 7,836
* Peak Load Base Case. 2,194 3918 6,293 10,400
R . HighCase 2327 4370 1366 12,799

As seen from the Table, the power and energy demand in the yc:;r 2015 will be ?,900 MW and

42,000 GWh for the low casc scenario, and 12,800 MW and 67,000 GWh for the high case

scenario, This indicates that the power and energy demand in the target year of 2015 in the
- Study Area will be approximately 10 times targer than present condition. '

" To secure the high economic grO\vth which is expected to be supported by the industry and
: sérvicc sectors in the future, the development of hydropower gencration is essential not only
for reducing the power and energy shortage but also for contributing to the environmental -
objéclives such as alleviation of air pollution and saving of foreign exchange for importing
fossil fuel.
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5.3  Agriculture Development

5.3.1 National Strategy and Constraints

The economic liberalization policy under “Doi Moi” launched in the year 1988 shifted Viet Nam
from rice importer to anet exporter of about 2 million tons paddy since the year 1989, being the
second largest in the world at present. The national policy set in the Five-year Plan towards the
yéar 2000 emphasizes in patticular to two issues, i.e. conlinning to increase food production
for ensuring national food security and diversifying the farming structure for promoting
market-oriented economy..

To encounter unavoidable population increase, Viet Nam has to increase the paddy production
by about ten million tons for the next two decades from the present 23 million tons to the
estimated 33.5 million tons with maintaining about 10 % export in the year 2015. This would
niot be an easy task in consideration of natural and physical consiraints which will not allow the
remarkable production increase in the Red and Mekong River deltas which bear a total of
10 % paddy production in the country. It implies that ensuring the national food security and
earning of foreign exchange b);' tice production would meet difficulty in future. Consequently
this calls for more investment of irrigation and drainage systems'in the potential agricuitural’
laids coupled with land and water resources developments as well as in the existing 5.39
million ha of cultivated area for annual crops, of which about 2.1 million ha is facilitated with
irriga'tion systems.

- While, hlgh priority is being given to shifting the agriculture from the présent paddy Mono- -

culture into the diversified farming, which would improve an(l stabilize farm income, enhance |

' rural ¢ agro-industry and diversily agricultural e)\port income. To fulfill such pohcy requ:remt:nt 5
altention should be given to the strengthening of agncultmal supporting services such as -

extension, credit and market information besides prowdmg sustained irrigation and on-farm

investment.
5.3.2 _Agriculluré Dsi'elopmcnt in the Study Area -
The S'tudyf Area is divided into four regions, Le. Mekong Delta, N-E Southland, South Central

Coast and Central Highlands, The specific development objectives and strategies set by
MOARD for the respective regions are as follows:



T

Mckong Deltaregion | - exlension, intensification and export of rice; and
- intensification of meat production particulasly of pig meat and othcr
crops such as pineapple, banana, coconuts, saybean, sugarcané and
: jute. o
N - E Southland region [ - intensification of food crops such as rice, and rubber production; and
- extension of industrial crops such as soybean, groundnuis, sugar
cane, tobacco and colton and fruit tree cultivation such as coffee,
pineapple, banana and cashew, and caltle raisiig for meat and mitk,
South Central Coast| - extension and iniensification of rice and corn cultivation, and sugar
region _cane cultivation including expansion of cane procéssing capacity;
expansion of sericulture and animial mdustry, and
development of bare or sandy land by growmg perennial trees such
: as coconuf, and pasture crops; |
[ Central Highlands} - expansion of coffec and rubber plantation, sericulture and d’nry
region ndustry

- The prime crop in the Study Area is paddy and the present 1.8 million tons paddy production
satisfies around 60 % of its regional demand by the population of 11.4 million in the year
1993. The self-sufficiency of paddy in the Study Area should drop further to 30 % for the
estimated 19.3 million population in the year 2015 if the present production level is maintained,
To ensure stable food supply regionally and achieve the development objectives mentioned
above, the further efforts for irrigated agricultural development is crucial in the Study Area:
However, shortage of water is the prime constraint to the development in the Study Area in any
case of paddy based and diversificd agriculture despite the existence of the Dong Nai River
basin having rich water resources.

The Bast Coast area, covering Ninh Thuan and Binh Thuan provinces, is fairly dry with less

rainfall, and therefore cannot enjoy its large land potential for a wide range agriculture due to
shortage of local water resources available in small river basins. A possible water diversion

. from the Dong Nai River basm to the East Coast is expected to lmpmvc such situation and
. enhance the regional socm-economy in this arca. In HCMC—Lcng An delta area, the water

resources presently available would not permit the expansion of dry season paddies, and the
further development in the remaining potential lands suffering from acid soils and salinity
intrusion will not be possible unless additional fresh water is conveyed to this area.

* These conditions are impeding the expansion of irrigated agricultural development schemes,
~and the shortage of water in the dry season keeps the Study Area in low cropping intensity.

“Thus, poverty and high undereniployment prevail in the rural area, while the industrialization is -

accelerating in the urban area centered at HCMC, and areal economic gap between the wrban
and rural area is widening. The investment for water résources development in the major river
basins and its fair distribution will be the breakthrough t6 activate the nurat cconomy and also to
mitigate such social and economic disparity in the Smdy Area.
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5.4  Development of Domestlc and Industrial Water Supply

5.4.1 Domestic and Industrial Water Supply

As discussed in preceding Section 5.1, the Southemn Focal Economic Area (SFEA) is emerging
as a hot place of economic development with a Jand area of 12,400 km? and a population of
7.8 million. Domestic and industrial water constitutes a part of the most crucial elements to
sustain the economic development. A study estimates that domestic and industrial water of an

~ gmount of 3.9 million m¥day shall be developed by the year 2010 to sustain the econontic

development. Taking into account the present supply ‘capacity of more or less
0.8 million m3/day, water to be developed within coming 15 years becomes over
3 million m3/day.

Largc cities and towns such as HCMC Bien Hoa, Vung Tau and so on are developcd in the
downstrcam reaches of the Dong Nai River near the estuary, where saline water mtrudes itis
inevitable to mainly rely on the surface water as the water saurce of bulk demand (3 9 million
m3/day); that is, there would be a conflict between the requirements to meet the supply capacity
and to satisfy the quality standard, which stipulates that raw water as dunkmg water shall be
0.25 g/l or tower in the salinity concentration. In other words, a large amouut of maintenance
flow should be released to secure the water source of domestic and industrial water supply.

[n the Sludy Area, there are ning provinces @ 'md one city, which have 85 district and provmcuﬂ
towns in total. It is informed as a result of hcarmgs and distribution of qucsnommrce to each
water supply company of those nine provinces and one city that there still exist 26 (hsmct
towns ‘without any water supply system at present. This suggesls that dlssemlmtlon of water
supply system to the dlslnct towns be also urgently sought besides the water supply to lhe
SEEA. '

There are some issues to overcome even for the district towns with water supply system sch
as limi{ed.distribution area, high distribution loss and so on.” In particular, high water loss is
mainly attributed to the old system, some of which were built in 19th Century by French
colonial government. ' | '

5.4.2  Waste Water and Sewerage
According to the past experience of HCMC, industrial water use including commercial use
accounts for 38 % of lola] use. If it is assumed that this rate is unchanged in future and that

industrial W'itcr is not subst’mtiali} consumcd an amount of some 1.5 million m¥/day (=3.9
mlll:on m"/day % 0.38) is returned to the rivers as a total of industrial waste waler in the SFEA.

5-9



At present, most of domestic sewage and industrial waste water is released to the rivers without
any treatment. If the present condition, i.¢. no treatment for waste water, continues even with
increase of industrial water demands in future, it is quite easy to éxpcél that riverine and
estuarine environment deteriorates tremendously, causing menace to the healthy life of human
being as well as to the eco-system in the lower reaches of the Dong Nai River.

5.5  Development of Rural Area

As discussed in preceding Section 5.1, the Southern Focal Economic Area including such large

towns as HCMC, Bien Hoa, Vung ‘Tau and so on is promised to be developed as a locomotive

of economic development in the nation. On the other hand, the living condition of the highl_énd
areas and the east coast area covering Ninh Thuan and Binh Thuan provinces stays at a
subsistence level. That is to say that there is considerably large economic disparity between
urban and niral areas in the Study Area.

Economic disparity between two arcas not only forces to the local people living in the rural area

the low level life with such problems as malnutrition, poor social amenity and so on, but also

causes migration of people seeking job opportunities from rural areas to large towns such as

Ho Chi Minh City. This migration.would have merits to supply labour force necessary for
_sustaining cconomic development of the SFEA. However, there is-a more serious problen to
- deteriorate urban amenity as represemed by squatters' houses built along the rivers and canals
of lhe urban rivers.

B f_ 'I‘aking into account the 'li{ring condition in the rural area, matters to be carried out for the SOCi0-
5cconomlc development in the Study Area most urgently are to improve social amenity and to
‘create job opportunities in the rural area.

Iu terms of water resources development, enhancement of social amenity can be made by
1mpr0wng water supply in the rural area including district and major towns in the respective
regions. On the other hand, creation of job opportunities will be made by improving and
rehabnhtatmg small scale ungauon projects scattered throughout the Study Area.

5-10
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5.6 Management of Walersked and Water-related Issucs’

5.6.1 Flood Mitigation and Urban Drainage

As mentioned in preceding Sub-section 4.2.1, the Dong Nai River consists of six major
tributaries with a total catchment area of 40,683 km2; the main Dong Nai River (14,979 km?),
the La Nga River (4,093 km?),: the Be River (7,427 km?), the Saigon River (4,717 km?) and
the East Vam Co (8,546 km?) and West Vam Co (921 km?2 left bank area only inside the
country) rivers. Of the total catchment area of 40,683 km?, about 10 % is located outside the
country, i.e. Cambodia. On the other hand, river basins lying in the coastal area are included in
the Study Arca. Some characteristics of these river system are briefed in terms of ilooding.

Dong Nai Main

Channel profile of the Dong Nai River is unique with two steep slope reaches; the lower and
upper rapids. - Upstream of the rapid reaches, the channel slope is gentle. Flood-prone areas
siich as Cat ‘Tien and Ta Lai (refer to Bigure 5.1) are located in such a géntle slope area. On the
other hand, in the lower reaches of the Dong Nai main where free meandering secms to prevail,
flood-prone areas such as Tan Uyen/Vinh An, Long ThanlvThu Duc and Nhon Trach are

located.

LaNgaRiver

Channel slope is steep in the lower reaches, and rapids and falls are seen in places. Upstream . '

of steep reaches, an extensive plain extends. Flood-prone areéas such as Tanh Linh‘and Duc

*Linh are located in such a plain.
 ‘BeRiver .

" The channel forms a wide valley with few settlements. Thus, flooding problems of the Be

River are not deemed sertous,
Saigon River

The river slope is very mild. The utban area of HCMC devélops mostly on an isolaied plateau-
ranging from +3 m to +10 m MSL. | Flood-prone arcas such as Thay Cai, VinLoc A & B, |
Van Hai and Le Minh Xuan are located in the tow-lying suburban areas lower than +2 m MSL.
These areas are afflicted with the inundation caused by the inter-action of flood ftow and high
tides.
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Fast and West Vam Co Rivers

The rivers are located on the eastern boundary of the Mekong delta and their slopes are
markedly mild. Flooding in these areas is, in general, shallow in depth but extensive in area.

Coastal River Basins

There exist many rivers in the coastal area, generally flowing toward southeast and pouring into
the South China Sea. Among these, major rivers which suffer from flood damages are the
Phan Rang, Luy, Phan Thict and Ca Ty river basins.

The rainy season in the Dong Nai River basin begins in April/May and eands in
October/November. Runoff gradually increases from May and channel water level rises. The
strong rainstorm occuring under these conditions would bring about large flood. The strong
rainstorm with a wide rainfalt area, which rarely cccurs, is caused by typhoon and/or hovering
front.

The cause of ﬂoodmg in the Dong Nai River basin can be classified into three types, i.e.
flooding due -to flush runoff (1st lypc) flooding due to passage of food flow through |
topographically insufficient sections (2nd type) and stagnancy of flood water due to hlgh water
~ level of trunk channel and sca tide (3rd type). Major flood-prone areas in the Dong Nai River
basin shown in Figure 5.1 are classified into three types as follows:

Ist-lype

- Coaslal rivérs: Phan Rang, Luy, Phan Thiet and Ca Ty rivers;

'2nd4p_
Upper Dong Nai chr area; C'at’hen and Ta Lm areas,

- La Nga River area: Tanh Linh and Duc Linh areas, and
Middle Dong Nai River area: Tan Uyen and Vinh An areas; and

- 3rd:-type

'Lo“el Dong Nai River arcat Long ‘Thanh, Thu Duc and Nhon Trach areas,
- Suburban area of HCMC: Thay Cai, Vin Loc A & B, Van Hai and Le Minh Xuan areas,
and

- -Urban area of HCMC.

The Dong Nai River basin experienced large flooding in the year 1932, 1952, 1964 and 1978
since the year 1930, causing serious damages. Aimong them, the flood in the year 1952 is




considered as the recorded biggest and the 1978-flood as the biggest one in recent years.
Markedly big floods have not been observed since the year 1978.

Since coastal rivers are short in length and have steep slope, floods in these rivers emerge and
withdraw rapidly. Big flood rarely happens. But once it occurs, the flood always causes
severe damages in the lower plains such as Phan Rang plain, Luy River plain, and Phan Thiet
plain. The Phan Rang River experienced a historically big flood on December 17, 1964 along
with another flood in the year 1979.

Ho Chi Minh City (HCMC), which is one of the most important economic and industrial
centres in the country, has a total area of 2,029 km? and a population of 4.5 millions. Three-
fourths of the population concentrate in 12 urban districts with a total area of 140 km?, or
6.9 % of the whole city area.

Since the city is located in a Jow-lying land with many canals, drainage as well as sewage has
been a problem since its establishment. In addition, rapid urbanization in recent yéars brought
about damages and overload to drainage and sewerage facilities, causing a serious urban
inundation along with water pollution.

'5.6.2  Salinity Intrusion

The Dong Nai 'River multi-furcates into several branch channels in the deltaic estuary, forming
a complicated channel network. Major inlets of sea water into the Study Area are the Dong Nai
main, the Long Tau River and the Dong Tranh River. Sea water funthcr intrudes ito the
tributaries of the Dong Nai River such as the Vam Co and the Salgon nverb Accordirg to
salinity observation carried out in the Sludy Area since the year 1977 by thc Sub Institute ot
Water Resources Planning (SIWRP), the maximum intrusion is recorded in the year 1977 and
the minimum in the year 1989 as shown in Figure 5.2. The maximum extent of salinity
intrusion ordinarily takes place at the end of April when the river flow falis to the lowest. The
foltowing Table shows the time pertod when the salinity concentration normally remains to be 4
g/l or more at each station: | '

Period of Salinity Concentration More than 4 g/l

__Station L River “Period of 4 g/l or more
Nha Be - Dong Nai River " From Dec. [8toJul. 3
Cat Lai Dong Nai River From Jan. 15 to May 20
Phu An Saigon River From Feb. 10 to May 10
Ben Luc East Vam Co Rivér ~ From Feb. 2 to May 25
Tan An West VamCoRiver  From Feb. 10to May 15




Due to the gentle slope and deep channel of rivers, sea water intrudes deeply into lands through
the rivers and canals in the Study Area.- The arcas suffering from salinity intusion are those in
the lower reaches of the rivers and the canals connected with these rivers. The salinity
intrusion has brought about adverse effects to the agricultural production and people’s daily life
in the areas.

5.6.3 Watershed Management

Deforestation in Viet Nam between the year 1943 and 1991 resulted in a reduction of forested
area from 67 % to 29 %. In other words, the current rate of loss of forest cover exceeds
3,000 km¥year. On the other hand, deforestation in the Study Area is indicated 1o have
recorded a loss from 69 % to 29 % as shown in Table 5.2. More significantly from the
biodiversity suslamablhty viewpoint are the losses in moist (evergreen) forests with the
* remaining area indicated to be 20 % or less. Similarly losses in lowland riverine habitats in the
-Study Area have been serious and detrimental to regional ecology and wildlife resourees.

' Deforcstalion has resulted from several aclivities in‘cluding:

'a)  Removal of forest cover for agricultural land development bascd on irrigation {lowland
 area), shifting cultivation (lughland area) and the tree crops at valymg clevations, e.g.
- rubbeér, cashews, coffee and tea,

b) - Loggmg, both Iegal and 1llegal with sonte controls put mto law and regulauon in the year
' 1989, remaining ineffective against contmued cuiting for firewood and fuelwood and
 taking of selected valuable species, €.8. rosewood and local timber production,

¢} ° Destruction of forests by spraying of defoliants, broadscale clearing and burning duﬁng
the Viet Nam-war (the year 1968 10 1975) including substantial areas in parts of Tay
Ninh, Song Be and westemn Dac Lac provinces close to the Cambodian border, and

d)  Fires particularly in the peat swamp area between the East Vam Co and West Vam Co
- “rivers aiid in the pine forests in the Da Lat area.

* Data anialysis for the Tropical Forest Action Plan (TFAP) indicated an annual breakdown of the
deforestation for the Northeast of Mekong Zone (most of the Study Area) as follows {TFAP,
- 1991): ¢
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a)  Shifting cultivation - 3,600 ha (5 %)

b)  Firewood and charcoal . 32,000 ha (54 %)

c) Logging/ftimber production - 13,000 ha (22 %)

d)  Fire damage - 11,000 ha (19 %)
Total - 59,000 ha.

The dominance of deforestation for fuel, ie. firewood and charcoal in the Study Area, is
further shown in Table 5.3 which indicates the Noitheast of Mekong zone being responsible
for 15 % of Viet Nam’s firewood and 40 % of its charcoal consumpnon Since a large
component of this is for urban areas, particularly Ho Chi Minh City, forest areas of Song Be,
Tay Ninh and Dong Nai provinces are in effect being deforested for supply of fuel to urban

~areas. The above figures reflect an untenable situation in terms of forest resource sustainability
“on a long term basis for the Study Area.

Deforestation is also directly linked to erosion problem and indirectly to sedimentation transport

" in local rivers which are of direct concern to proposed reservoir projects, Erosion rates from

upland rice growing areas for Viet Nam have been estimated as follows :

- 100 1o 150 tonnes/ha/year for land slopes of 510 6 %
- 250 to 300 tonnes/halyear for land slopes of 15 to 20 %

- 350 tonalcs/lla!year for land slopes > 30 %.

Most of the uplands in the Study Arca co:msldered suscephblc lo erosmn liave been dcsxgnatcd o
as Class I. In other words, the least suscepuble arx,a to e{osu:m (289 kn12) is only 0.6 % of ‘
total the area of 48,500 km?. :
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6. WATER RESOURCES DEVELOPMENT POTENTIAL
6.1 Princip:ﬂ Approaches of Water Resources Developmient

Needs for water resources development in the Study Area have been discussed in the preceding
Chapter 5. To meet the requirement of each need, water available in the Dong Nai River basin
is desired to be fully mobilized in an optinial way. The principél approaches formulating the
oblimal waler allocation in the Dong Nai River basin are represented as follows:

a)  Water development in the major petential area with creation of reservoirs - Dong Nai and
Be River basins,

b) - Agricultural development in the cast coast area with water diverted from the Dong Nai
River basin, and

c)  Agricultural dcvelopment in the HCMC-Long An Delta area with water transfer from the
~ Be River basin.

It would be necessary to create a reservair with a long diversion tunnel in the upstream reaches
of the Dong Nai River for realizing the plan to divert the Dong Nai River wa(er to the east coast
for the development of irrigation schemes. Water transfer to the HHCMC- Long An Delta area.
would also require constiuction of a reservoir with a diversion facility in a proper place of the
Be River for diverting its water to the Saigon River through the existing Dau Fieng reservoir,
the function of which is to warrant the stable irrigalioﬁ watcrISupply to each bencficiary arca
wxdely spreading in the !lCMC Long An Delta along ith the r:,scrvon' to bc bullt in lhe Be
River. : :

Diversion of water to the east coast arca and the HCMC-Long An Delta naturally reduces the
flow of tle Dong Nai main stream, i particular in the dry season, with large water demand |
centres in its downstream reaches. This situation éncourages to build reservoirs in the Dong
Nai main stream for meeting the water demand in its downstream reaches along with the
maintenance flow for salinity intrusion. The primal objective of the reServoirs 1o be built in the
Dong Nai River main stream is hydropower generation, even if such a flow regulation ﬁmct:ion
is included in the (icvdopment objectives. T'lkmg into consideration the strategies mentioned
above as well as the nceds ‘:oughl to water resources developmcnl in the Study Area,
discussions how to dcvclop water resources potential available in the Study Area are deﬂt with
in this Chapter.



6.2 lHydropower Geaeration.

6.2.1 Characteristics of the Basins

T general, river flows show a strong imbalance between rainy and dry seasons with as much
as 80 % of water discharge taking place during the six-month rainy season (from May o
October) on air average. While the amount of firm energy varies from plant to plant, the power
development programme will need to feature sufficient thermal capacity to suppkment the
- output of hydropower plants during the dry season.

The rainfall over the Dong Nai River basin is approximately 2,000 muyyear on an average,
varying considerably from location to Jocation. The wettest part of the basin is the area in and
arounid Di Linh where the rainfall averages around 2,700 to 2,800 mnvyear. Dry parts of the
basin are the areas of the Da Dung and Da Nhim sub-basins and the western part of the Study
Area (Saigon and Yam Co Sub-basins) which receive ()niy_ between 1,500 and 2,000 mnvyear.

The topography varies rather widely in the Dong N:u River basin.. The basin east of Di Linh
constitutes a hllly phteau with elevations ranging from El. 1,000 to 1,400 m. The central and

" central northerit pan of the Dong Nai River basin, i.e. the aréa in and around Bao Loc and Gia

-Nghia, also forms a hilly plateau but with elevations ranging between El. 600 and 1,000 m.
The central southern part of the basin, i.¢. the arca around the confluence of the Dong Nai and
the La Nga, one of its major tributaries, shows a low hilly plateair climbing up to about El. 50
" to 125 m. The western part of the Dong Nai basin, i.e. the greater part of the basin of the Dong

Nal S main Inbutary, the Be R:ver is hilly with elevations rangmg from EL 10t in the south '

{0 about 200 m in lhe north

16.2.2 ldentification of Hydrdpowef Potential

The potential damsites are identified using the topographical mﬂps with a scale of 1/100,000
and 1/50,000 based on the information provided by SIWRP.

The river proﬁles together with the identified schemes are shown in Figure 6.1. As seen from
Figure 6.1, the average gradient of the Dong Nai main stream, in which ldenhﬂecl cascade
projects are located, is approxnnately 1/250. Projects in the Be River are located on the
stretches with its gradient of less than 1/1,500. Although the river slope is rather gentle, their
drainage areas are large, resulting in large discharge. On the other hand, the river stretches
with their slope steeper than 1/50, at which construction of run-of-river type and/or pumped
storage type power generation is empirically considered to be favourable, are very limited and
can be found only at tributaries of the above main stream with a rather limited catchment area.
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The location of the identified projects is shown in Figure 6.2,

From the vie\vaint of hydropower gehcration planning, the p'rdjccts identified in the Study
Area are classified into two groups; one consists of projects located on the main streams of the
Dong Nai and Be rivers, which generally require large storage capacity to fully utilize water
available from large catchment areas but have rather limited head with the exception of Dai Ninh
Project which involves inter-basin transfer of water with high head. The other group consists
of projects located on the tributaries of the main streams with limited catchment areas but with
high head for power generation.

Projects in the Main Stream

Principal features of these projects are sumnarized in Table 6.1 and the brief description of
each project is as follows:

(1) Dai Ninh

The Dai Ninh project is a basin transfer project which diverls water of the Dong Nai upstream
basin to the Luy River in the east coast area (Phan Ri). ' The project has high head with

~ relatively large storage (active storage: 252 million cum), contributing to not only the

hydropower development but also the irrigation and water supply’ dcvclopment in the east coast

-area. The feasibility study for the project .was completed by PIDC2, and its commercial

operation is expected to be commenced in the year 2003 according to the Master Plan Study
(Fourlh Stage) prepared by the Institute of Encrgy in the year 1995, following the completion
of the Ham Thuan-Da Mi project which is scheduled to be in the year 2000. In this Master Plan

‘Sludy these two projects are thcrefore assumed to be the commltled (cxlshng) pro;ects

(2) Dong N'u No 1, No. 2 aind No

These projects are located in the upslrc,am reachcs of !lxe Dong N'u main steeam with ihelr '
catchment area from 1,869 kim? to 2,428 km?, which excludes the catchment area of the Da
Nhim project (775 kmi2) and the Dai Ninh project (1,158 km?), and large reservoir storage
volume is available. The dead storage deposited by sediment inflow has a rather small impact
on the gross storage volune, and thus its active storage of 1,500 :mlllon to 2,500 million m3
can be secured; Due to stich a large storage volume, their inflow 1cgulatmg efficiency {firm
discharge agéinsf natural inflow) is quite high and will contribute to the downstream water
resources development by its “firming up eftect”. ' -

[t is noted that Dong Nai No. 1 and-No. 2 are mutually exclusive pfojccts for the construction.
3) Dong Nai No. 4 and No. 5
These pro_;ecls are located in the middle reaches of the Dong Na1 main stream with their

catchment area of 2,597 kin? to 4,263 km? exc!udmg that of the Da Nhim and the Dai Ninh

6-3



project. Damsites of both projects are located in a relatively namow valley and are favourable
for constructing a high dam to create high head. However, the active storage is very limited
ranging from SO million m3 to 300 million m3, and conscquémly the rcglilating efficiency is
small, resulting in rather limited firm energy production. The sediment inflow volume will
significantly affect to secure the active storage.

It is considered that these projects will become attractive only after a reservoir type dam such as
Dong Nai No. 3 is constructed in the upstream reaches; that is, these high heads can fully and
effectively be utilized with the flow regulation by the upstream projects.

With its topographical advantage, Dong Nai No. 4 is designed to utilize an addifional head by
short-cutting the natural river bent with a relatively short length of the headrace tunnel, and
therefore highly efficient hydropower development can be réalized. Dong Nai No. 5 has a

larger catchment area approximately 65 % larger than that of Dong Nai No. 4, but has no *

topographic advantage in the hydraulic head.

For both schemes, depending upon their geological conditions, a concrete gravity type dam
may be considered.

(4)" Dong Nai No. 6 and No. 8

These brojects are located in the flat area extending in the downstream reaches of the Dong Nai
main stream, and high head is not available topographically, However, an abundant runoff of
160 to 270 m¥sec in annual mean can be expected from their large catchment areas of 5,118
.‘_klilz and 7,889 km2, which exclude the catchment areas of the Da Nhim and Dai Ninh projects.

Due to the topograph:c reslrlcuon the dam constmcuon reqmres long crost length in lhe range
of 3 000 m to neally 8, 000 m with m’my saddle dams .

Dong Nai No. 6 has a Iarge active storage of 2,400 mrll:on 3, compared with 820 million m3
of Dong Nai No. 8, and in this respect, the flow regulation efficiency is higher.

It is to be noted that all the potential projects, Dong Nai No. 1 to No. 8, will contribute to
increasing the firm energy output of the existing Tri An hydropower plant located downstream.

(5) ‘CanDon and Fu Miéng

" Can Don and Fu Mieng are located on the Be River with a catchment area of 3,440 km? and
4,110 km? respectively, and can fully utilize an advantage of the ie'gulated flow from lhe
existing Thac Mo hydropower plant. With relatively low dams in terms of investment, both
projects can generate sizable power and cnergy.

Fu Mieng also has a topographic advantage which enables divetting water of the Be River to
the Saigon River through the existing Dau Tieng reservoir with an approximately 7 km long




channel.  Since water transfer from the Be River to the I[CMC-Long An dclta area for the
irrigation development is onc of the most focal issues in this stu'dy, the optimum altocation of
available water for the diversion purpose (irrigation) and power generation purposc shall
carefully be studied.

(6) BaoLoc and La Nga No. 3

Bao Loc site, which is located on the La Nga River upstream of the l-l:am Thuan-Da Mi
projects, will be able to increase the power generation of the Ham Thuan-Da Mi projects as well
as the Tri An hydropower plant with its firm-up effect. '

La Nga No.3 is located downstream of the Ham Thuan-Da Mi projects, and with its
topographic advantage water in the reserveir can be transferced to the east coast arca for
irrigation development in Phan Thiet. However, such diversion will reduce not only power
output of the project itself but also will decrease energy output of the Tri An hydropower plant.

Projects in the Tributaries

The projects identified on the tributaries of the main slr«_tamé. have relatively small catchment
areas, however, they are topographically favourable in respect of high liead with a short
distance of the envisaged waterway. Principal features of the projects identified under this
group are summarized in Table 6.2. ' | '

As an indicator for the preliminary evaluation of hydraulic efficicnéy of prbjccl< the lenglh of
waterway is divided by the static head (L!H Length of waterwaylﬁ‘tatic Head), and the results:

- are gncnasfollows :

Cﬂ!chmenl Arca | Statlcllcad benglh of Walerway lfﬂﬁ:'- '

: __i . - o (km'l} : ) (m) ‘ (ﬂl) e
D4 M’Bri S21 460 6,600 - . 143
Dak R'Tih-Da R’Keh-Anh Kong ~ © 868 370 3,400% 9.2

(=89+61+718) ,
Dak R’Tih (Single **} 718 200 3,000 15.0
Da Siat 115 320 '2,500 ‘] 3

- Note: * : Connecling iunnel of 12 km long as an optional case

* 1 This project is Optional to Dak-Da R’Keh-Anh Kong.

These lugh head projects with a relatively short watenv*\y \wll be atiractive as those to generate

peak power for the limited high demand time, however, their annval energy output is limited
due to its small catchment area, In this respect these projects are not subject to further study in
this Master Plan, however, it is recommended to be developed as a pumped storage
hydropower plant.



A pumped storage hydropower plant is designed to gencrate power during the peak load time
by discharging water pumped up to the upper reservoir with cheap-cost surplus énergy made
available at an off-peak time from power plants such as nuclear and coal-fired power plants.

At present moment, such an off-peak time swiplus energy is not available in the Study Atea
* (southern region), and the overall system is under the premature level for developing pumped
storage type hydropower plants yet.

However in thic year 2010 to 2015 lhermal power plant will become the ma_]or enet gy source,

say 70 to 80 % of the total geneiauon, in the overall system, and the off-peak time surplus
eneigy is then expected to be available with relatively cheap cost. Therefore it is worlhy to
s{Ltd}'_llleSe high head projects as the pamped storage projects to be implemented after the year
2010 0 2015.

6.2.3  Project Evaluation and Screening

The project evaluation and the screening of the identified potential schemes are carried out
through First Screening, Second Screening and Environmental Considerations described
below,

(1) : First Screenin g

For the first scree‘ning of the identified potential projects, capacity and energy of each project

are prplunlnanly calculated by assuming that only the pamcular project is mdcpendcntly :

: developed in future wuh the cxxsimg and that committed pro;eu,ls below are being
opemtlon :

Existing projects : ' Da N.hi'm project (160 MW), Tri An project (400 MW} and Thac
" Mo project (150 MW);

- Project to be xmplemented in the year 2000: Ham Thuan-Da Mi pmjects (300 and 172
. MW rcspeclwely) and

: Prcijcct to "b'e illaplelllénfed in the year 2003: Dai Ninh project (300 MW).

In the first screening stage, only the major project component cost is estimated, and costs for
the access roads, transmission lines and land acquisition/compensation are not considered for
- preliminary screening purpose. The cost data available from Ham Thean-Da Mi hydropower
project are referred to, and the projects arc assumed to be implemented under the internationa!
competitive bidding basis.



o

For the preliminary cconomntic evaluation to select promising hydropower projects which can be
candidates for the second screening, Specific Capacity Cost (SCC) and Specific Generation
Cost (SGC) are estimated.

Specific Capacity Cost (SCC) is a simple economic index which represents a unit capacity cost
and is calculated by dividing the total project cost by the installed capacity (USS/kW). This
value is assumed to represent the economic value of power and is ulilized as oné of indexes for
the evalvation of hydropower projects,

Specific Generation Cost (SGC) is defined as a’preliminary cost of one unit of energy
generation (1 kWh), and is utilized to evaluate the economic value of the encrgy. For the
calculation of annual equivalent cost, a capml recovery factor of 0.1009, which is gained by
applying a discount rate of 10 % for a project life of 50 years, is multiplied by the economic
cost assumed at 85 % of the total project cost. There are two types of energy, one is firm
cnergy guaranteed throughout the year with 95 % reliability and the other is secondary energy
which can be generated at the time only when abundant water is available during the rainy
season with lower reliability. The economic value of the secondary energy is usually
considered to be lower than that of the firm energy, and therefore in this Study, the SGC is
calculated by assuming that 20 % of the secondary e.'nerg‘y cannot be sold; that is, the value of
secondary énergy' is 80 % of the fivm energy in terms of monctary value. |

The calcilation results of SCC and SGC are swmmarized in Table 63

Inv the first screening stage, the projects with Specific Generation Cost of more than US Cent
11 per kWh or Specific Capacity Cost of more than US$ 4,000 per kW are judged to be
“economically less attractive”, and based on this criteria, Dong Nai No. 1, Dong Nai No. 2,

. Dong Nai No. 5 and Bao Loc are screened out and excluded for further studies in the qccond '
. sereéning stagé. For Fu ‘Wleng and La Nga No. 3, these pro;ecls involve pOSSIblE diversion to

other basins for irrigation purpose and cannot be assessed by the above simple economic |
indexes which assume single purpose hydropower generation. These projects are thus fusther
assessed in the subsequent Sections.

(2) Second Screening

During the Phase I study period, the b’iS]C layout study of candidate pm}ects selected i in the
first screemng was cartied out, and the preliminary layout drawings are prepared as shown in

* Figures 6.3 t0 6.10, and the prmclpal features of each project are shown in Table 6.4. -

Based on the refined project layout and the design, the work quantities for major project

components such as (1) civil works, (2) electro-mechanical equipment and (3) hydramic
cquipment are reviewed and readjusted, and the total project cost is estimated. For the land
compensation and the rescttlement cost, the draft final repori for “The Master Plan Study on
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Electric Power Development” prepared by JICA (July 1995) is referred to, and a unit cost of
USS$ 400,000/km? is assumed for the compensation of the inundated area and the relevant sites
for the major project components.

In respect of the energy output estimate, the development of such projects as Dong Nai No. 3,
No. 4, No. 6, No. 8 and La Nga No. 3 located upstream of existing Tri An hydropower
project is expected to increase the energy output (firm energy) of the Tri An project by their
“firm-up effect”, and these additional energy is assumed to be the beniefit of these candidate
projects.

In case of Dong Nai No. 4 and No. 8, the firm-up effect of Dong Nai No. 3 on these projects
is significant and should be taken into consideration in their economic evaluation, since these
projects have relatively small active storage against their annual inflow, resulting in limited
capacily and firm energy output if they are developed independently. The results of the
combined effect on power and energy output, are summarized below

Increase of power output with existence of Dong Nai No. 3
e Installed Capacity, MW _ Firm Energy, GWivyear
Dong Nai No. 4 from 147 to 318 from 320 to 682
Dong Nai No.8 from 13410210 from 292 to 456 _

* 'The development sequence of these three projects is not determined yet, however, it can be said
that combined devclopment {similar to the devclopment sequence of the Ham Thuan-Da Mi

: project) of Dong ; N'u No. 3 and No. 4 should posuwcly be considered. In case where Dong |

.' Nal No. 4 or Dong Nai No. 8 is dcvelopcd before Dong Nai No. 3, the design of these
' pr0_|ccts should reserve a margin for capacity expans;on (almost double) by taking into account

© ¢ the future devefopmcm of Dong Nai No. 3.

For the economic comparison pmp()sc, Economic Annual Net Benefit is calculated in addition
to Specific Capacity Cost (SCC) and Specific Generation Cost (SGC) so that the capacity value

- and the energy-value can jointly be assessed. The results are shown in Table 6.5 and

summarized as follows;

&
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Econonic Index of Project

Capacity SCC SGE 7T Annual Net Beneft
MW B _(kaW) . (CentkWWh) (M. &/Year)
Dong Nai No.3 130 2,654 8.2 4.6
Dong Nai No. 4 147 2,571 5.4 9.5
Dong Nai No. 6 322 3,363 14.4 9.0
Dong Nai No. 8 134 6,067 : i1.4 325
Combined No. 3 and 4 448 1,842 _ 6.1 47.4
Combined No. 3 and 8 340 13,541 8.9 SIR
* CanDon 0 2375 64 5.5
Fu Mieng 60 (126) 2,001 (1,960) 49 (5.5) 5.9 (12.9)
LaNgaNo.3 62(73) 3,476 (3,055) 12.5 (3.0) A37(04)

Note: Figures in the parentheses show the economic indéxes of hydropower single purpose.

From the Table, it is confirmed that:

:ﬂ)

d)

€)

~Single development of Dong Nai No. 3 (USS 4. 6 mlihon!ycar) or single development of

Dong Nai No. 4 (US$ 9.5 million/year) is considered to be econo:mcally viable,

however, the expected annual net bcneﬁt is rather limited.

Dong Nai No. 3 will sngmfw'mtly increase the economic viabitity of Dong Nm No. 4.
The combined development of Dong Nai No. 3 and No. 4 gencrates an annual net
benefit of USS 47.4 million/year against the single dcvclopmenl of Dong Nai No. 4 with

~ US$ 9.5 million/year or Dong Nai No. 3 with uUss 46 nnkhonfye'ar This result m'mﬂy :
_fsccrucs flOH] the cap’tcsly increase gamed in lhc co:nbmed dcvclopmem ’lhcrcf(ne 1he
) combiied dwclopmcnt of Dong Nal No. 3 and \Io 4 is ]ll(lgt.d to be gwen the
g 'development priority. ‘ ‘

Fu Mieng is considered to be economically viable for both multipurpose dcvelopmcnt and
single purpose development as far as a simple cost allocation nethod is apphed and

* further study is to be made from the wcwpomt of the irrigation development scheme -
" discussed in Appendix VIand the optimal water resources ailocanon study as (_llelISbed o
~in Appendix X. '

Can Don is considered to be economically viable, however, its expected benefit is rather
small, and its contribution to the overall powér demand in the Study Area is limited.

Dong Nai No. 6, Dong Nai No. 8, La Nga No, 3 (with andfor without diversion) and
combined development of Dong Nai No. 3 and No. 8 are economically less attractive in
terms of the annual net benefit gained by applying a discount rate of 10 %



(3) Envirommental Consideration
National Park

Cat Tien National Park lies within a global “biodiversity hotspot™, and the conservation of this
area is also critical for maintaining its value for global biodiversity. Cat Tien National Park
- supports populations of two bird species endemic to Viet Nam, breeding populations of eight
species of globally threatened birds, and mainland Asia’s only known surviving popul'ati(')n of
Javan Rhinoceros (Rhinoceros sondaicus annamensis), which is described as a sub-species
distinct from the population of Javan rhinos resident in Ujung Kulon® National Park in
Indonesia. These features clearly make the conservation for Cat Tien most important.

Although the exact boundaries of the national park and the adjacent forest reserves have not
been wdentified at this stage, the southern half of the entire reservoir area of Dong Nai No. 6 is
located within the Cat Tien National Park, and this fact suggests that the Dong Nai No. 6 cause

~significant direct environmental impacts by submerging portions of the river and forest habitats
lying inside the boundaries.

ln case of Dong Nai No. 8, I'SL is currently set at El. 120 m (EL 125 m accordmg to the latest
study being carrled out by PIDC2) and its rcscrvo;r area appears to nmudc in some
downstream parts of the park. Therefore firther copfnnml_lon for the boundaries and the
clevation of the'pr‘uk is required, and its management policy needs to be clarified.

Inundation Area and Power Outmit

As a simple index for prelnmnmy environmental impact assessmient, the mundauon area of e’nch '

pro;cct is dxv:ded by the power output as fo}lows
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Inundation Area per One Kilowatt Capacity

Capacity  Inundation Arca’ Area/ Capacity

e oMWy atPSLGm?)  (mlPperkw)
Dong Nai No. 3 130 438 369
Dong Nai No. 4 147 1 75
Dong Nai No. 6 322 77 239
Dong Nai No.8 134 122 910
Combined No. 3 and 4 448 | 59 | 132
Combined No. 3 and 8 30 170 500
Can Don 80 30 315
Fu Mieng 60(126) n o 566 (563)

LaNgaNo.3 62(73) 2t 288 (287)

It is noted that figures given in parentheses show the area/capacily index of hydropower single
" purpose and that the index in case of multipurpose is calculated by the rate of firm discharge
‘shared between hydropower and irrigation, i.e. the index for Fu Mieng (= 71 x 55/115) and for
La Nga No. 3 (= 21 x S6/66).

The index, “area/capacity”, represents a conceptual value of area to be inundated for the

creation of one kilowatt, and it is to be noted that the value neither takes into consideration lhc Do

number of pcople affected {population density} nor ethnic group distnbuuon land uuhzanon
and so.on. [owever, it can be generally s'ud that Dong Nai No. 8 has a very high valuc and is
: ilkcly to involve s:gmﬁmnt land COl'anI\S'ill{)ll and reselllement ploblems ' '

- Fu Mieng 'llS() has a lelalwcly lngh v'\lue if tlm pmject is nsscssed in respect of powen'
© generation purpose only. However, as a multipurpose development project, the benefit of
irrigation development resulting from the diversion which makes it possiblé to irrigate an
additional arca of 88,300 ha in HCMC-Long An delta should be also considered at the same
time.

Dong Nai No. 4 itself has the smallest value giving the least impact as far as the compcnsauon :
and reseftlement probTems are concemed, The value of combined development of Dong Na:
No. 3 and No. 4 is the second least among the candidates.

For further detailed discussions on the environmental issue including the initia} environmental
examination, reference is made to Appendix 1V, Natural Environment.
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{4)  Results of Second Screening

Through the first and second screening carried out with the economic comparison as well as

preliminary environmental consideration, following assessments are made:

a)

b)

P ..c)_

d)

Dong Nai No. 4 as a single (independent) development has environmentally the least
adverse impact among candidate projects and is economically viable, however, the
expected net benefit is rather smal} mainly due to its limited regulating capacity of the

' resCrvoir. Tll¢ capacity (installed capacity) and the firm eitergy output of Dong Nai |

No. 4 can be doubled if Dong Nai No. 3 is constructed as a combined project.

Although the economic index of Dong Nai No. 3 as a single {(independent) development
is fow, the combined development of Dong Nai No. 3 and No. 4 will generate the
highest annual net benefit of approximately USS 47.4 million in comparison with
USS$ 9.5 million for the single development of Dong Nai No. 4 only. Therefore, from
the viewpoint of optimizing the averall development benefit for the hydropower projects,
priority should be given to the combined development of Dong Nai No. 3 and No. 4. In
case where Dong Nai No. 4 is developed prior 1o Dong Nai No. 3, the design should
reserve a margin for the capacity expansion (nlihbsl double) by taking into account the
future development of Dong Nai No. 3. |

In respcét of the environmental adverse impact, the combined developinent of Dong Nai
No. 3 and No. 4 has the second least value among the candidaf{a projects, and therefore
the compensation and resettlement problem is judged to be in “acceptable™, even if fusther
detailed examination is required through the coming feasibility study.

fi?u'Mi'c"ng 1s c:conomicaliy viable as a si.nglc' purpose as well as a multipurpose project.
: Since Fu Mieng is considered to be one of the promising projects to divert water from the
- Be River to the HCMC—lmig-An delta area through the existing Dau Tieng reservoir and
~enables to develop an additional irrigation area of 88,300 ha, it is recommended to

develop the project as a multipurpose project.

‘_ Neveﬁhcless, itistobe _116t¢d that the inundation area is relatively large and may involve a
* considerable compensation and resettlement problen, and therefore that the project should
: cf;ircfully be iniplemented by taking into consideration the nnilti'—bcn:eﬁl nature and the
environmental issue.

Can Don is considered to be economically viable, however, its net benefit is small, The
environmental adverse impact is also judged to be medium among candidate projects.
'The project has a rather small scale in development capacily, resulting in the limited
contribution to the overall system demand in the Study Area,

612
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¢} = Dong Nai No, 6 and No. 8 are¢ judged to be economically less attractive in terms of the
annual economic riet benefit with a discount rate of 10 %. The former also seems to have
significant adverse environmeatal impacts on the biodiversity in the Cat Tien National
Park, and the latter has the largest inundation area for creating a unit power output among
candidate projects, implying that the large scale resettlement and compensation will be
involved for the implementation.

f)  LaNga No.3 is judged to be economically less attractive for both of single purpose and
multipurpose projects {diversion for irrigation}. As discussed :in Appendix VI; the
advantage of diverling water to the east coast area (Phan Thiet) is not economically
justifiable., |

¢) Based on the above assessinent, following four projects and a plan are selected as the
ones to pass the Second Screening:

- Dong Nai No. 3 (Single Development)

- Dong Nai No. 4 (Single Development)

- Combined development of bong Nai No. 3 and No. 4
- Can Don

- Fu Mieng multipurpose.

Viability of four projects and a'plan is further confirmed by assessing their input timing to be
added to the overall power system within the time horizon up to the target year of 2015, based

* on the gencration expansion planning study in the next Section.

" 6.2.4 Generation Expansion Planning Study '

'

[n the previous Sections, hydropower projects are preliminarily evaluated and screened based
on the simple economic evaluation method, which considers only the annual power output and
the project cost with the preliminary environmental considerations. ‘

However in the actual situation, management decisions must weigh not only such simple .

~ economic evaluation resuits, but also short- and long-term policies for supplying clectric power

s0 as to' meet growing electricity demand which has prescribed time horizon and load profile:

‘requiring appropriate system reliability.

Generation cxpansion planning, which deals with the optimal installation timing of promising .
projects to be added to the power supply system, should consider competing factors such as the
availability of generation resources, uncertainties in fuel prices, capital costs, system reliability
reqhircmént, growth of electricity demand and soon. To deal with these complex factors, the

6-13



generation expansion planning study is carricd out by using the compiter software package
“EGEAS: Electric Generation Expansion Analysis System” developed by the Massachusetts
Institute of Technology, U.S.A.

The planning has an objective of satisfying electricity demand over the planning horizon up to
the target year 2015 in the most efficient and least costly manner, assuming that the decisions
for nvestment relating to the electric power development should be made on the premise of
minimizing the present value of all the relevant construction and operation costs needed to
satisfy the forecast customer demand including prescribed overall system reliability.

The main results are described hereunder (For the detailed explanation of the model structure,
constratnts, input data, etc., refer to Appendix V ; Hydropower Generation).

(1) Combined Dci’elopment of Dong Nai No. 3 and No. 4

- For the development scenario of Dong Nai No. 3 and Dong Nai No. 4 in the Dong Nai River,

significant capacity increase for Dong Nai No. 4 is expeéted due to the flow regulalion effect -

by Dong Nai No. 3. In the generation expansion phn study, three development scenarios are
" consldered fOI lhc planmng horizon of the year ]995 to 201 5 as follows:

Scenario A1 Only Dong Nai No. 3 of 130 MW is developed.
Scenario B:  Only Dong Nai No. 4 of 147 MW is developed.
- Scenario C: Dong Nai No. 3 of 130 MW and No. 4 with an exl_ended'capacity of 318
‘ MW are de\'rcloped.

"The snmulallon results indicate that ieither | scenario A nor B w:ll give the least cost opuon for

the overall syslem Fhls mcans that single development of Dong Nai No. 3 (130 MW) or |

single developmcm of Dong Nai \Io 4. (147 MW wuhout Dong Nai No. 3 is not competitive
against thermal pcmcr plant; and that only the combmed dcvelopmenl of Dong Nai No. 3 and
No. 4 (tolal capacity of 448 MW) will be the most economical solution from the viewpoint of
the least cost investment option for the overall genetation expansion plan in the Study Arca.

* {2) - Input Timing of Selected Projects

© The least cost generalion expansion plans for three cases, i.c. low, base and high demand

| cases, aré generated by EGEAS, and the input timing of the selected hydropower projects is
shown Table 6.6 (Base Case) and the results ate summarized as follows:
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Tnput Year (Commissioning Year)

1. Low Case Démand Forecast (7,836 MW & 41,184 GWh in the year 2015) S
Dong Nai No. 3 & No. 4 2008 (448 MW)

Fu Mieng Multipurpose 2009 (60 MW) .
Combined Cycles after 1997 (21 uvaits and 6,300 MW in total)

2. Base Case Demand Forecast (10,400 MW & 54,663 GWh in the year 2015)
Dong Nai No. 3 & No. 4 2006 (448 MW)

Fu Mieng Multipurpose 2005 (60 MW)
Combined Cycles after 1997 (32 units and 9,600 MW in total)

3. ngh Case Demand Forecast (12,800 MW & 67,273 GWh in the year 201 5)

Dong Nai.No, 3 & No.4 2008 (448 MW)
Fu Mieng Multipurpose 2005 (60 MW)
Combined Cycles alter 1997 (42 units and 12,600 MW in total)

From the above, it is confirmed that combined development of Dong Nai No. 3 and No. 4 and
mult:pmpose development of Fu Mieng are altractive and promising under any demand forecast
conditions and that the former combmation should be developed between the year 2006 and
2008, and the latter project should be developed in the year 2005 to 2009,

Can Don is not required within the time horizon up to the year 2015 under any demand case. It

_is however to beé noted that Can Don will be réquired in the year 2013, if the capital cost of the

combmed cycle pl'mt is mcreased by 20 %, according to the sensitively study carried out,

(3) Summary of Generation Expailsmn Plans

| a) ‘_ In the generation expansion planﬁing period up o the target year 2015, the cdmbinéd -

dcvelopment of Dong Nai No. 3 and No. 4 and Fu Mleng nlulllpurpose are: most.‘
attractive and prornising under any demand forecasl conditions. The former coimbination '
should be developed between the year 2006 and 2008, and lhc latter pnou,ct should be .
developed in the year 2005 to 2009.

b} Can Don is less competitive to the above hydropower projects and the combined cycle -
plant, and it is confirmed that the project is not required within the time horizon up to the
year 2015. However, it is to be noted that if the construction cost for the combmed cy cle
plant is increased by 20 %, Can Don will be then required in the yeal 2013

¢) Based on the above, the combined development of Dong Na} No. aud No 4and Fu
Mieng multipurpose are listed as candidates to the master plan pmJLcts to be selected -
based on the optimal water allocation study discussed in Appendix X.

d) Can Don is not selected as a candidate to the master plan projects based on a result of
generation expansion study. However, it is recommended to be retained in the list of
hydropower project development options. In consideration of its sizable scale, BOT
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development by the private investors as envisaged by the Vietnamese Govemment could
be one of the development options.

The summary of the screening process in respect of first screening, second screening and the
generation expansion study is summarized in Table 6.7.

6.3 Irrigatcd Agricultural Development

6.3.1 Classification and Basic Concept of Irrigation Development

All the irrigation schemes in the Study Area are categorized broadly into three groups, i.c. {A)
existing itrigation schemes, (B) on-going and planned irrigation schemes and (C) potential
irigation schemes, and further classified into sone sub-groups as shown below;

_ Classification of Schemes - o
_Code Main Sub - ..__.Name of Schemes

A, Existing Irrigation Al _il-:arge and Medium lmganon Vo Xu, Phan Rang, Song Pha, Pai.
Schemes Schemes (Area Iargerth'm?OOOha) Don, Quan Hiep/Tyuen Lam and

R __Phuoc Chi (6 schemies)
A2 Small lrnganon Schemes {Arca 161 schemes in lotal
target than 100 ha and smatler than
| -2.000 ha) o e
‘A3 Extension or Proposed Small 65 schemes in total
* Irrigation ! 'Schemcs

B.  On- gomg Tand | ; . - Dau f:cng Phuoc Hoa, Hoc Mon-
Planned Irrigation L b Bac Binh Chanh and Song Quao {4
i Schemes L ; ‘ = schémes) :
C.='. Potential Irrigation C b Potenhal Schemes i HCMC -Long . HCMC !
‘ “ Schemes ¢ . . - AnDela , Long An provmce Duc Hue, Duc
. fo L (Deldtic and 5'\!1ne water affected - Hoa, Ben Luc, Can Giouc, Can
anea) \ ‘ © Duoe, Tran Tru, Thu Thua, Thanh

Hoa and Moc Hea (9 irri. b)ocks)

C.2 Potential Schemes in tast Coast’ Phan Ri Plain, Phan Thiet Plain and
~expecting water resources diverted  Ham Tan Plain

- from Dong Nai River basin (3 schemes)
C.3  Potential Schemes in La Nga River “Lower La Nga Plain (Ta Pao and Vo
o and other river basins Dat), Phan Rang Plain (Extension),

Tuy Phong Plain, Song Phin Plain,
Song Ray Plain and Song Dinh
Plain

(7 schemes)

All the irvigation schemes in the Study Area are discussed in this Master Plan Study on a
category-wise basis as classitied wuh regard to the study objectives and 1tem> listed in Table
0.8, and on the basis of planning Concepls described below.




The irrigation water requirements are calculated for indicative cropping patterns on a diversified
farming basis, which introduces miore cash crops such as sugarcane, cotton and various winter-

spring upland crops like groundnuts with a cropping area of 40 % in general, while sharing
60 % for paddy. The maximum diversion water requirement ranges from 1.1 to 1.2 lit./sec/ha
and takes place in January to May depending upon climatic conditions in the respective regions.
It would be able to ensure proper irrigation against possible changes of cropping in future.
Water balance made to the respective schemes is based on the river flow with a 75 %
exceeding probability (75 % runoff).

6.3.2 Existing Irigation Schemes

The irrigation area in the Study Area is estimated al about 243,000 ha in total, occupying about
28 % of the annual cropping area as shown in Table 6.9 and summarized below:

o Trigation Schemes and
Agricultural Area (ha) Designed Area

Province - =~ . Annual Perennial ~ ~Total Scheme Area
N _Crops. Crops L ~_No. . (ha)
1. LamDong - 40,952 42,316 183,268 155 < 16,308
2. Daclac 4,461 1,552 6,013 12 ' 394
3. Ninb Thoan 39,525 2,000 41,525 - 51 21,300
§ 4, Binh Thuan 82,512 17,619 {00,131 453 28,655
- 5. Song Be 79,300 139,400 218,700 - 56 . 5,587
6. Dong Nai - 181,607 153,142 334,749 49 - 18,322
7. BaRia-Vung Tan = 44,019 64,934 = 108,953 24 8,385
8. Tay Ninh 182,707 193,393 . 276,100 4. 52915
9. HCMC . 80,822 12,424 93,246 - 60 131,330
10. LongAn: 139,696 R - 139696 - 9 59,200
'  1,420381 513§ 242,896,

Total . 875601 526,780

The cropping intensity in the irrigation schemes is estimated at 112 % on an average, and the
area actually irrigated would be less than 40 % against the designed irrigation area. The top
five problems involved in running irrigation schemes identified through the inventory survey
are: ' S :

- Insufficient development in on-farm irigation systems; -

- Inadequate or defective design of irrigation systems;
Water shortage;

- Damages and deterioration of irrigation systems; and

- Poor operation and maintenance. |

% The above facts reveal the necessity of rehabilitation and improvement of the existing irrigation
schemes. Although the provincial administeations have heavy stress in shortage of fund for
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maintenance and repair of the exisling schemes, they have strong intention to implement those
rehabilitation including development new small inigation schemes. Aiming mainly at narrowing
down the cconomic disparity between ucban and rural areas, it is proposed to formulate and
implement Rural Agricultural Development Project (RADP) through the rchabilitation of these
sinall existing and new 1rrigation schemes as one of the urgent development prograinmes in the
Study Arca. The objective schemes of RADP would cover 229 small irrigation schemes,
consisting of 164 existing ones and 65 new ones scattered through the Study Area.

6.3.3 On—going and Planned lirigation Schemes

Four on-going and planned irrigation schemes are identified, i.c. on-going Dau Tieng and Song
Quao and planned Phuoc Hoa and Hoc Mon-Bac Binh Chanh. The resalls of review and
updating of these schemes are bricfly described below except for the Song Quao irrigation

~scheme which is scparately discussed in connection with tliec Phan Ri-Phan Thict ungauon
project.

_ (l) ~ Dau Tieng Irigation Scheme

The Dau Tieng scheme has a designed irrigation area of 93,390 ha situated in Tay Ninh

province and HCMC fed by the Dau Tieng reservoir constructed in the Saigon River in the year

1985. An area of 45,000 ha has been facilitated with itrigation system and is in operation,

" however the rest 48,390 ha, tentatively called “Dauv Tieng ExtenSlon irrigation schenie” is still
- left Lehind, un- i 1g-1ted The water balance of Dau 'I‘lcng reservoir reveals that it would not
~ permit the urigauon in the Dau ’l‘ieng scheme of more than 50,000 ha bessdcs the water supply

for domestic usc and sahmty repulsron in lICMC uiless supplelmnml w'uer would be diverted -

' from the Be Rwer

The annual economic cost of imigation development of Dau Tieng Extension is estimated at

US$ 130/ha covering coustruction of 2nd/3rd irrigation canals, on-farm facilitics and small
| pump stations for the area of 35,940 ha in total. Wlnle the annual inceemental benefit is
“estimated at US$ 1,128/ha. The development of Dau Tleng Extension area is considered to be
Q cconomlcally vmble provided that the lmg'mon water enough to feed lhe entire scheme would
“be secured. '

T hc development of Dau Tieng Extension irrigation scheme by the trans-basin diversion from
the Be River will involve the water supply to 15 existing and new small nrigation schemes with
a total area of 29,400 ha located in the right bank of the East Vam Co River, named the Tay
Ninh riparian schemes. Although included in the RADP, these schemes are taken into
“consideration in the stucly of optimum water allocation.




(2) Phuoc Hoa hirigation Scheme

The Phuoc Hoa irrigation scheme is proposed to irrigale an area of 45,680 ha in the southern
pait of Song Be province by constructing the proposed Phuoc Hoa dam. The proposed crops to
be irrigated are paddy and upland crops including groundnut, beans, maize, tobacco, sugarcane
and fruits. A total area of about 7,200 ha for cashew cultivation is to be converted to annual
crops including sugarcane. The Phuoc Hoa dam is proposcd in the Be River about 23.8 km
upstreani of the Phuoc Hoa bridge of National Highway No. 13. The catchment area at the

_damsite is 5,247 km?, and the mean annuat flow is 205 m3¥/sec regulated 'by the recently _

completed Thac Mo reservoir. The Phuoc Hoa reservoir has an active storage volume of about
67 million m?. The total length of main and secondary irrigation canals is about 210 kin. Seven
booster pump stations are 1o be consteucted on the upper reaches of the main canal to irrigate
the elevated lands in the scheme area.

The Phuoc Hoa dam is presently designed to divert part of the Be River flow to the Saigon
River with the maximum discharge of 42 m¥/sec for the purposes of supplemental water supply
to the Hoc Mon-Bac Binh Chanh scheme and riparian and deltatic agricultural land in HCMC as
well as water supply. Having reviewed water bﬁlance at the Phuoc Hoa reservoir, the

~maximum discharge diverted to the Saigon River increases to about 50 m¥/sec.

As  result of updating the construction cost of the Phuoc Hoa imrigation scheme, there is a
considerable gap in the cost estimates between that estimated in the pfe-feasibility study made
by the MOARD in the year 1995 and updated in this Study. The smalt weir and pump station as
an alternative headworks instead of the Phuoc Hoa reservoir gives the lowest investment cost. :

“The annual incremental benefit is esumaled at USS 1,174/ha, consmlmg of US$ 750/ha trom

irrigation and USS 424lha from water supply to the southern part of Song Be province. Wlnle,
the annual economlc cost of the Phuoc Hoa schemc mcludmg O&M cost is estimated at
USS 571/ha in case of Phuoc Hoa reservoir and US$ ‘302!]1'1 in case ot pump lmgalton J

3) Hoc Mon-Bac Binh Chanh Irrigation Scheme

The Hoc Mon-Bac Binh Chanh irrigation scheme aims to 1mpr0vc the drainage and irrigation

- conditions for an area of 12, 197 ha located in the centre of HCMC—Long An Della, The main

source of water for the scheme is the Saigon River thlough Rach Fra canal conneclmg between
the Saigon River and the East Vam' Co River. The main crops of the scheme are paddy, .
groundnut, vegetables, sugarcane and fruits with a cropping intensity of 178 %. The scheme s
evaluated with an cconomic rate of return of 12 % in its feasibility study, and has started the 3
construction towards the completion in the year 2000. |



6.3.4 Potential Irrigation Schemes in HCMC-Long An Delta

The potential irvigation area in the HCMC-Lbng An Delta is estimated at 100,000 ha in total,
consisting of 46,000 ha irrigated by the Saigon River including the on-going Hoc Mon-Bac
Binl Chanh irrigation scheme (HCMC Delta) and 54,000 ha irrigated by the East Vam Co
River (Long An Delta) as shown in Figure 6.11 and schematically iltustrated in Figure 6.12.

The major crops to be introduced are paddy, groundnut, vegetables, sugarcane and fruits with a
cropping intensity of 180 % on an average. The annual economic costs including O & M
costs are estimated at USS 253/ha in HCMC Delta and USS 233/ha in Long An Delta, while
the annual incremental benefits are esfimated at US$ 474/ha and USS$ 457/ha, respectively.
The irigated agricultural development in HCMC-Long An Delta is considered ¢conomically
viable, subject to making irrigation water available including salinity control.

6.3.5 Potential Irrigation Schemes in Easl Coast Area and La Ng't River and Olher Rlver
~ Basins

4} 'tldentiﬁcation of Potential [rrigation Schemes

- Over the past three decades in Viet Nam, the various studies have been made by the
Government for formulating many potentiat nngated agricultural development projects in the
- East Coast area and the La Nga River and other river basins. A total of ten potential irrigation

schemes are identified in lhesc area as shown in Figure 6.13 on the basis of the land suitability - _
. maps pupared in this Master Plan Study together with various planning rcports available. The -
L rcsull of i mvemory survey for irri igation systt,ms and the avalhblhty of waler resources is listed

‘m Table 6. lO and is sumimarized below
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B

Unit: ha

Arca with
L Potential lmgauon mArea existing Potential
Potential Scheme Gross Net irrigation - irrigable area
. facilities o

East Coast Area _

Phan Ri Plain 56,700 32,000 6,113 25,887

Phan Thiet Plain - 46,630 24,400 11,605 12,7795

La Nga River Basin (Lower La Nga Plain)

Ta Pao 29,330 23,000 10,235 12,765

Vo Dat 22,920 15,000 0 15,000

Other River Basin : : _ ‘

Phan Rang Plain 21,350 15,400 5,075 10,325

Tuy Phong Plain 4,700 4,200 2,150 2,050

Song Phan Plain 7,100 5,030 . 0 5,030

Ham Tan Plain. 27,450 - 8,000 . 1,210 6,790 -

Ray River Plain 19,600 13,710 : 4,050 9,660
_Dinh River Plain 6,300 471406 1,950 S 2,790

Total = 242,630 145,480 . 42,388 103,092

1) Lstamatrcd
(*2) Estimated withoul existing Phan Rang and Song Pha irrigation schemcs

As a result of reviewing and updating all the above potential séhemés, two projects of Phan Ri-
Phan Thiet irrigation project and Lower La Nga plain irrigation project are proposed as

~ candidates for the master plan projects, while the rest schemes are omitted due mainly to

insufficicnt availability of water resources and low economic viability as described in the
subsequent Sub-section 6.3.6. The formulation of developmeiit plan for the former two

" schemes is dcscribed below.
= (2) Phan Ri-Phan T: hiet Imgauon Pro_|ccl

0 Water wnh a constant dISLhaI ge of 24.5 m?’/sec from the Dong Nai River b'ism lhrough the Dai

* Ninh power station would accommodate the lmgatlon for the entire 29 '?00 ha arca in the Ph'm :
Ri plain by constructing the Luy resetrvoir in conjinction with water resources of the Luy River
basin, which moreover gives surplus water of about 11 m¥sec on an annual average. This
surplus water can be topogiaphically conveyed to the eastern part of the Phan Thiet plain of
18,000 ha for the use of its supplcmemal irrigation. Since an area of 8,000 ha is to be irigaled
by the Song Quaa reservoir which is under construction, an area of 39,700 ifa in both the Phan
Ri and Phan Thiet plains would be irrigated by the project with the propoise_d Luy 're:se;rvoir '
having an active storage volume of about 110 million m3. ‘

The Luy River in conjunction witl: the water from the Dai Ninh power station, Ca Giay
reservoir being planned and other small existing irrigation systems would be able to inigate an
area of about 24,300 ha without the proposed Luy reservoir. While, the existing agricultural
land in the project area is éslimat'ed at 30,000 ha in total. Consequently the Phan Ri-Phan T hiet
irrigation project would bé implemented on a stagewise development basis with the following
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possible development steps, i.¢. (i} construction of an intake on the Luy river and irrigation
system for the existing agiicultural lands in the Phan Ri plain, (ii) extension of main canal to
and construction of irrigation system in the Phan Thiet plain, and (iii) construction of the Luy
reservoir and land reclamation of newly development fand.

The annual economic cost including O & M costs of the project is estimated at USS$ 456/ha,
while the annual incremental benefits are estimated at US$ 990/ha in the Phan Ri plain and

" USS 962/ha in the Phan Thiet plain, respectively. Therefore, the Phan Ri-Phan Thiet irrigation
project is considered economically viable.

(3) Lower La Nga Plain hrigation Project

The potential ircigation area in the Lower L.a Nga plain is estimated at 38,000 ha in {otél. sub-
divided into two schemes of the Ta Pao irrigation scheme of 22,000 ha and the Vo Dat
irrigation scheme of 15,000 ha, respectively. The Ta Pao irrigation scheme will involve the
existing Vo Xu pump irrigation scheme with a designed area of 5,000 ha, and also low- lylng
o ﬁood -prone areas along the Lower La Nga River.

“Two diversion weirs of Ta Pao and Vo Dat are to be constructed on the main streain of the La
Nga River. The water balance at bolh the proposed weir sites, subject to river flow regulated by
1hc Ham Thuan and Da Mi reservoirs which are under lmplcmcnnng, resuils in that the Ta Pao
irigation scheme is fully irrigated, while the Vo Dat irrigation scheme is margmally irvigated by
taking the retum flow from the Ta Pao scheme arca into considcralioﬁ. o

- The annual economic costs mcludmg O & M costs of the project are estimated at USS 306/Ma
: fo: Ta Pao and USS 445/Ma for Vo Dat while lhe annual mcremenn! bcneﬂts are estimated at

- USS 828‘(ha and US$ 975/ha, rcspe;:n_vqu. Therefore, the Lower La Nga irrigation project is
considered economically viable. Ho{vc’_vcr, its scale is subject to the assessments of flood
_ protection, water resources available and possible effect to power generation of Tri An

hydropower station sitvated downstream of the Dong Nai River, and consequently should be
sought in the study of optiimum water allocation discussed in the subsequent Chapter.

| 6:.3:.6' Selection of Candidate Master Plan Projects

(1) Proposéd Strategy of ['n'.iga;tion Development

With the national policies for firigation development and the present conditions of the irrigated
agriculture in the Study Area confirmed by data and information obtained through the field
reconnaissance and inventory survey for the existing irrigation schemes, it seems appropriate to
take the following approaches for formulating a master plan of irrigation development in the
Study ‘Area, coupled with strategy for agricultural development: |
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- Placing the prime purpose of irrigation development on stabilization of agricultural
production, it will be formulated comprehensively in association with environmentally
sound improvement and upgrading of socio-economic conditions of rural areas that
ultimately aim to enhance the living standard of people and to narraw down the regional gap

of socio-economic conditions;

- As an immediate irrigated agricultoral development in the Study Area, the highest priority
will be given to the Rural Agricultural Development Project which is based on the
rehabilitation and upgrading of the existing irrigation schemes including the exploitation of
additional water resources, followed by completion of on-going schemes and technically
and economically viable schemes among the presently proposed small irrigation schemes;

and

- Parallelly, water resources development projects will be promoted for the potential irrigation
schemes by giving the highest priority to the exploitation of locally available but untapped
rivers, and to technically and ecoriomically viable water diversion schemes from other river

basins in coordination with hydropower development and water supply schemes.

(2) Screening of Candidate Schemes for Master Plan Projects

On the basis of the results of individual studies above mentioned, the following factors are

adopted to the screening of candidate schemes for master plan projects:

. Water resources, either Dong Nm River mcludmg div cmon or smroundmg basm
- Availability of water; ’

- Maturity of planning;

- Social 1mpacts o
- Natural environmental rmp'lcls and
" Economic viability.

)

The screening matrix incorporating the above factors is shown in Table 6.11, and results in
selecting the following schemes as the candidates for the master plan projects:

a)  Rural Agricultural Dev_elopiznen't Project cons.i'sting of small irrigation schemes including
164 existing schemes of 65,185 ha in total and 65 new schemes of 65,472 ha;

b) ~Remaining development area of 48,390 ha of the Dau Tieng irtigation scheme (Dau Tieng
Extension);

¢) .Pliuoc Hoa irigation scheme of 45,680 ha;

6-23



d) | Iirigated agricultural development scheines in the HCMC-1.ong An Delta with an area of
100,000 ha in total, consisting of HCMC Delta of 46,000 ha and Leng An Delta of
54,000 ha;

¢} Phan Ri-Phan Thiet diversion scheme with an area of 39,700 ha in total, consisting of
Phan Ri irrigation scheme of 29,700 ha and Phan Thiet irvigation scheme of 10,000 ha;
and

f)  Ta Pao irrigation scheme of 23,000 ha and Vo Dat irrigation scheme of 15,000 ha in La
Nga River basin.

6.4. Domestic and Industrial Water Supply

6.4.1  Present Water Supply Condition and Future Balance

According to the service criteria, urban water supply is defined as the project to supply
domestic, commercial and industrial water to the arcas with population more than 15,000,'5 :
agriculture involvement ratio of less than 25 % in terms of the number of households and -
f pbpulation density higher than 100 persons per hectare. '

A survey based on 'hearin.gs and distcibution of questionnaires to each of the nine provinces and
“one city was carried out in the field work of Phase I to pfeparp an inventory of water supply
projects and to grasp the cuncnt water supply situation in the Study Area. In the field work of
Phase' H, a wrvcy 10 visit water supply commpanics of each ‘province in the Study Arca was
fcommucd not only to conﬁrm he collected information and data on water supply pro;ects, but
jlso to collect (lﬂl'i 'md information necessary for water demand projection and future water
* balance btudxes

Table 6.12 summarizes the survey results to show the present situation and future plans of
-water supply for the provincial and districl towns including some other towns (refer to Figure
3.1 for their identification) in the Study Area, telling that there still exist 26 district towns
without any water supply systuu out of 85 provincial and dlSlll(‘t towns in the Study Area at

. © present as mentioned in preaedmg Section 5.4 and furthermore that the water supply of the

‘ n,mammg district towns except for the provincial towis is very limited just relying on the small
- scale development of groundwater.

Most of provincial towns in the Study Area have a watér supply system with a scale of
~ thousands to some ten thousands m¥day except for Ho Chi Minh City with a supply capacity -
of 680,000 m¥day at present. Most of those towns suffer from chronic water shottage.
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Future water demand, which is the base to calculate the capacity to the developed in future, for
the urban areas of nine provinces and one city in the Study Area is estimated in the year 2000
and 2015 as summarized in Table 6.13 based on the projected populalion and the conditions set
for water demand projection, reaching a level of 1.6 million m¥day in the year 2000 and 4.3
million m¥day in thie year 2015 as the total of the Study Area. As for HCMC, the demand will
grow to a level of 1.0 million m¥day in the year 2000 and 2.1 million m3/day in the year 2015,
The industrial development area along National Highway No. 51 including such towns as Bien
Hoa, Tam Phuoc, Long Thanh and Nhon Trach in Dong Nai province and Vung Tau, Ba Ria,
Long Son, Long Hai, Phuoc Tinh, Long Dien, Dat Do, Phuoc Hai and Phu My in Ba Ria-
Vung Tau province will need to develop domestic and industrial water with an amount of 0.4
million m3day by the year 2600 and 1.7 million m¥/day by the year 2015 as summarized
below: '

District and Water Demand, m¥day

Province Major Towis 2000 - 2015
Dong Nai Bien Hoa 158,000 - 353,487
Tam Phuoc 20,895 . 243,038
Long Thanh : 3,803 15,103
: : : Nhon Trach 55,440 368,776
" BaRia-Vung Tan Vung Tau 65,122 270,275
| Ba Ria 11,393 61,383
Long Son ' 3,675 14,871
Long Hai - 4,594 15,215
‘Phuoc Tinh 3,675 10,897
Long Dien - - 75,145 14,990
. Datbo 5,145 il4 990
. Phuoc Hai _ 2056 ' 9,785
C'PhuMy - 183950 330,704
o Towl T TTTEARS LA

“or future watet dem'\nd predlcted as’ glven ']able 6 l3 pn,sem water supply capacny
including future plans for extension is summarized as given in Table 6.12. The balance
between them is computed as deficit to be developed as given in Table 6.14, requiring an
amount of 0.22 million m¥day by the year 2000 and 1.13 million m¥day by the year 2015 as
the sum of the Study Area. '

In this water balance study, a few to several towns in a province are treated as‘one water supply:
system as follows: ' :
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Provmcc ) Towns in a Systcm

Tay Ninh _ Tay Ninh and Hoa Thanh =

Song Be Thu Dan Mot, Di An and Lai Thien

Ninh Thuan Phan Rang, Thap Cham, Ninh Chu and Dong Hai

Binli Thoan Bac Binh and Phan Ri Cua

Ba Ria-Vung Tau Vung Tau, Ba Ria, Long Son, Long Hai, Phuoc Tinh, Long Dien,
Dat Do and Phuoc Hai

Dong Nai Bien Hoa and Tam Phuoc - o

It is noted that the towns and cities developed along Natural Highway No. 51 would scek a
water source to the Dong Nai River along with waler sources available in and around the area
as a systen.

In HCMC, there are several proposed projects to develop domestic and industrial water as
listed in Table 6.12. If all the projects listed are developed, the supply capacity will far exceed
the demand. Taking into consideration this sitvation, following schemes are assunied to be
developéd to meet water demand in HCMC by the year 2000 and 2015:

Dwelopmem Year ' _ Project Development Amount, m¥day
: by 2000 Hoa An Rehabilitation 100,000
Hoa An Extension ' : 150,000
Bin An Under-construction - 50,000
Phu Cuong Under-construction 300,000

Hoc Mon Groundwater L 20,000 B
Total 620,000
by 2015 - Hoa An Extension =~ ¢ 600,000

. Bin An Extension' S 100,000
P : ;’I‘olal 700,000

E The lasl mierest on the domestlc 'md mdustnal water dcvclopmcnt in ihc Sludy Area is to
estimate the construction cost to be invested by the year 2000 *md 2015. The cost to be
invested for the future development of the domestic and industrial water supply in the Study
Area is estimated 10 require an amount of US$ 337 million by the year 2000 and USS$ 683

- million between the year 2000 and 2015. HCMC will need an investment of US$ 160 million
by the year 2000 and USS$ 190 million by the year 2015, whilst USS 99 million by the year
2000 and US$ 353 million by the year 2015 for the towns and cmes along National Highway
No. 51 from Blen Hoa to Vung T'lu
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6.4.2  Water Supply for the Economic Triangle Zone

An area, which includes HCMC and the corridor between Bien Hoa and Vung Tau along with
the southern pait of Song Be province, i.e. Thu Dav Mot and Thuan An, is emerged as a
locomotive to prope! economic development of the nation, called the economic triangle zone.
Future water demands of the area in the year 2015 are projected by district or town as given in
‘Table 6.13, reaching a level of 3.8 million m¥day as summarized bclow:

Area . S Water Dumnd in 20]5 deaL
Song Be Province

1. Thu Dau Mot-Thuan An - 00,000
Ba Ria-Vung Tau Province ' .

2. Ba Ria Vung Tau including nearby towns 410,000

3. Go Dau-Phu My-Thi Vai _ 330,000
Dong Nai Province : : |

4. Bien Hoa-Ho Nai _ 350,000

5. Tam Phuoc-An Phuoc - S 240,000

6. Nhon Trach-Long Thanh - 380,000
Ho Chi Minh City, _ )

7. 17 Districts . ‘ 2,000,000

- Total . 3,800,000 -

* Sources for the water supply systems of the above towns and cities are mainly sought to the

Dong Nai River and the Saigon River, even if there are alternative sources such as groundwater

and local rivers.

. T able 6.15 shows a summary of dcvclopment requirement to seek waler sources lo the Dong
~ Nai River and the Sa:gon River to mcet the above mentloncd dem'md in the said are'\ in lhc yearj -
' 2015 under the condition that the existing and pianned projects given in Table 6. 12 are under
" operation. It indicates that an amount of 3,187 000 m3/day equivalent to 36.8 mifsec is

sought to the Dong Nai River, whilst 940,000 m3!d'1y (109 m3r'sec) for the Saigon River.
Such a amount of water shall be gnaranteed at Hoa An for the Dong Nai ancr and Phu Cuong
for the Saigon River, where the proposed intake sites are located. It is however to be noted that
there are the Song Ray and other reservoirs besides the Dong Nai River as altenntwc sources

“of water supply to the m'qor towns along Nauonal Highway No. 51 in Ba R:a-Vung Tau
province, but that those are excluded in compuung water amount to be secured (water right) to
the Dong Nai River as a source of water suppiy projects. ' ' '

Water demand of HCMC and the corr:dor towas along National Highway No. 51 is esumated
to reach a level of 3.8 million m¥day in lhe year 2015, which accounts for 88 % of total water
demand (4.3 million ‘m¥day) in the Study Area. ’I"lkmg into consideration the fact that water
supply prolccts for H(‘MC and the corridor towns along National Highway No. 51 will play
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an important role for the economic development in the region, both water supply projects are
proposed as the candidates of master plan prajects to be selected in the optimal water allocation
study (refer to subsequent Chapter 8).

Domestic and industrial water is not substantially consumed through their use, since those
water is mainly used for bathing, cloth washing, industrial processing and so on. This implies
that water with an amount :of_more or less 3.8 million m3/day used for domestic and industrial
purposes in HCMC and the corridor area is returned to the rivers with degraded quality, thus
required treatment.

- HCMC has combined sewer systems with a lolél length of 661.6 km, but most of domestic
sewage and waste water is released to the rivers without any treatment. If the present
condition, i.e. no treatment for waste waler, continues even with increase of domestic and
industrial water damands in future, it is quite easy (o expect that riverine and estuarine
environment deteriorates tremendously, causing menace to the healthy life of human being as
well as to the eco-system in the lower reaches of the Dong Nai River.

Itisnot realistic to recommend to build extensive sewer systems with sewage treatment judging.
from the present situation in HCMC. However, based on the argument that such systems are
' necessary o protect natural environment as well as to keep social amenities as basic human

needs, a proposal here is to install waste water tréatment plants to the industrial development

zones where release of waste water is concentrated with the lower quality than that of domestic

scwage A rough eslinntc for conslmcnng such treatment plants is made, requiring an amount

of US$ 1,030 million by lhc year 2000 and USS 2,510 million by the year 2015,

- 6.4.3 Rural Wa(erSu;SpE&

As discussed in the preceding Sub-section 6.4.1, domestic water supply in the Study Area is in
an incipient stage cxcépt for large cities and towns such as Ho Chit Minh City and Bien Hoa.
This ﬁcl implies that any systematic water supply projects have rarely been established in the
rural areas of the Sludy Area. In fact, pcople living in the rural aréas rely on small wells
: prwatcly dug, sand flluauon system, rain water tanks (roof catchment) and so forth as a
- drinking water source. ' '

- Small wells manually dug in the rural arcas are nohnaliy shallow with a depth of 20 m to
30 m, showing less reliability on supply in the dry season probably dué to the fact that water
level in the well rapidly draws down in coincidence with rapid falling of river water level
starting from the beginning of dry season. Dry-up of wells in the dry season makes local
people have no -ﬂtemauves but to buy for getling drmkmg water. ‘In partlcular the long lasting
diy scason in the year 1995 made most of shaltow \\ells drifled on the rural area dried up,
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resulting in serious shortage of drinking water as reported for example that hundreds of patients
and the staff of the Health Care Centre of Bu Dang district, Song Be province, have to share a
well, which only hada supply capacity of 1 m3/day. Even if wells are barely available for use,
there is a hygienic problem, since there are high chances that the release of water used for daily
life including toilet water to the ground would contaminate the well.

It can be said that the life of people, who have wells even if those are not good in quality, is
rather easy compared with those who do not have wells. They have to collect drinking water
from the néarby river or canal ino miatter how water quality is, or to buy it.: In case of buying
drinking water, local people have to buy it with the price 10 to 100 times higher than that of tap
water.

Based on the rural water supply situation in Viet Namn mentioned above, UNICEF {United
Nations Children’s Fund) with the assistance of Central Rural Water Supply Project, Ministry

- of Labour, \Vfir-illyalids & Social Affairs, which was in charge of rural water supply projects _'

in the Vietnamese Government at that time, commenced in the year 1980 their assistance to
improve the rural water supply in Viet Nam in aiming to protect children’s life by raising

“hygienic level in the rural arca. Its assistance spurred based on the proclamation of the

International Drinking Water and Sanitation Decade (the year 1981 to 1990) by the United
Nations (UN). As at the end of the year 1994, UNICER has developed 15,448 water sources
for rural water supply in the Study Area; 3,949 for Ho Chi Minh City, 3,410 for Binh Thuan,
1,959 for Ninh Thuan, 655 for Ba Ria-Vung Tau, 336 for Dong Nai, 493 for Song Be, 598

for Tay Ninh, 564 for Lam Dong, 20 for Dac Lac and 3,464 for Long An as summarized in
‘Table 6. 16. It is noted that rural water supply projects in Dac Lac and Long An provmce; ‘
'show the penfornmncc of two and seven dlSlflClS mspcctwcly lymg in the Study Area. |

‘ "As at the end of lhc yeal 1994 only a fracuon of 27. 6 % of pe0pie lmng in lhe rural pml of
“the Study Aréais computed to receivé the benefit of rutal water supply pchcts compared with

the national average of 35 % under the condition that the number of beneficiaries is 120
persons for a water source and that annual increase rate of population is 2.68 % between the _
year 1989 and 1994. By province, Tay Ninh, Song Be, Dac Lac and Dong Nat lie in the area
with the poorest performance rate of lower than 10 %." Two provinces, Lam Dong and Ba
Ria-Vung Tau, show a slig‘hily higher performance rate of 14 % 10 1:8'%, whilst three .
provinces, Ninh Thuan, Binh Thmn and Long An, performed niral watca supply projects w:lh
a higher rate of more than 60 %

[dentification of the communes, which are the smallest administrative unit lying under the
district and urgently require rural water supply projects with a small distribution system, is
made by distributing a questionnaire from the office of Central Water Supply Project to each
provincial office in charge of yural water supply projects except for Ho Chi Minh City, where
the piped water is expected to be supplied in most of its administrative area. Based on the
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distribution of questionnaire to the provincial offices of rural water supply projects, a list of
comniunes to require rural water supply project urgently is prepared as summarized in Table
6.17; nine communes in Tay Ninh province, 11 communes in Song Be province, 19
communes in Dac Lac province, 29 communes in Lam Dong province, nine communes in Ninh
Thuan province, 25 communes in Binh Thuan province, 20 communes in Ba Ria-Vung Tau

_province, 18 communes in Dong Nai province and 30 communcs in Long An province (170
commuiies in total).

The number of rural water supply projects with a small distribution system required for the

“above communes is estimated by putting some conditions. As a result; a total of 1,207 rural
water supply projects with a smali distribution system are estimated to be impleménted for the
170 communes by the year 2015 as summarized in Table 6.17. Taking into consideration the
importance of miral water supply pfojecls in enhancing the rural amenity, a plan to implement
1,207 rural water supply projects is selected as the candidate for the master plari projects of this
slﬁdy. |



the runoff snnulahon model is well csmbllshed :

7. WATER AND WATERSHED MANAGEMENT
7.1 Flood Mitigation and Urban Drainage

Present conditions on flood and urban drainage in the Study Area as well as the issues to be
solved are dealt with in preceding Section 5.6. -In this Section, discussions ate focused on
measuring the flood mitigation effects by existing and proposed structural measures. In case
where floods are not well miligated even with such measures, further recommendations for
flood mitigation will be made.

7.1.1 Study on Flood Discharge

The study on flood discharge starts with the preparation of runoff simulation model, followed

by the evaluation of flood mitigation effects by s:muhlmg the mnoft modcl under the with-and-
without condition of structural measures.

(1) | Preparation of Runof fSimuTalion Model

Storage function mélhpd is applied as the éiiml}alio_n_médel of flood runoff analysis. The Dong

" Nai River basin js divided into sub-basins to apply the storage function model, and a runoff

system diagram is prepared based on the sub-basins so divided (refer to Figure 7.1}, The flood :
runoff model is calibrated so that the simulated flood hydrograph well coincides with the .
rgcorded one. Figure 7. 2 shows the companson belwwn the simulated runoff hydrograph and :

- the recorded one. Judging from thé compansou of lhosc two hydmglaphs 1t can be sald that o

i (2){_ - Basic Flood Di_schargc

Flood mitigation effects with stiuctural measures are evaluated by comparing with the basic
flood discharge, which shows the flood condition without structural measures. The basic flood
dischaige is estimated for various retam periods as showa in Table 7.1, whilst Figure 7.3
depicts 100- and 20-year floods. | ' o

(3) Flood Discharge with Existing and Proposed Reservoirs -

There are four (4) emstmg reservoirs and three (3) propose(l reservoirs in the Study Alca as
follows:

‘a)  Dong Nai Main Stream: Dong Nai No. 3 (proposed), Dong Nai No. 4 {proposed) and

Tri An {exisling) reservoirs,
b)  La Nga River: Ham Thuan (under construction) reservoir,
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¢)  Be River: Thac Mo (existing) and Fu Mieng (proposed) resérvoirs, and
d)  Saigon River: Dau Tieng (existing) reservoir.

Flood runoff is analyzed under the conditions with four existing reservoirs and with seven
reservoirs including three proposed ones by applying 20- through 100-year probable rainfalls.
Results of runoff analysis are also shown in the said Table 7.1. Flood mitigation effects with
the structural measures are discussed in the following Sub-section by flood-prone area, which
is identified in Figure 5.1. |

7.1.2  Study on Flood Mitigation

Elood mitigation effects are discussed for following three flood-prone areas:

a) - Cat Tien-Ta Lai arca,
b)  LaNgaRiveraréa, and
¢)  Lower Dong Na_i‘ and related rivers.

(1) CatTien-Ta Lai Area

Cat Tien-Ta Lai area, the location of which is identified in Figure 7.4, suffers from long-lasting

~flooding. The fload brings about damages to settlers” houses, paddy fields and fruit farms due

" to flooding ‘and river bank erosion. Causes of flooding isﬂhis area are nhinly flood runoff

from the vast Dong Nai River basin and shomge of channel cap'wny (onl) 20 % of the 2—year
' :ﬂooddlscharge) A SR L

It is cxpcctcd that about ”»3 % of bfmc ﬂood dlscharge wouid be rctamed by the proposed :
Dong: Nai No. 3 and No. 4 reseivoirs. However, the peak flood disc_harge is still much -

bigger than the existing channel capacity.

Cat Tien-Ta Lai area has been designated as a reserved national park, and intensive flood
_ lﬂll!gﬁliO!l measures are not acceptable. [a addition, the exastmg flooding arcas contnbulc as
mlural flood retention arcas tor lhe downstream reaches.

In view bf the above, a layout plan clearly showing the boundaries of park area to be reserved
and other areas for settlement and farming should be es’tablishcd_ as SO0N as posSi_blc prior to the
establishiment of flood mitigation plan for this arca. In order to fulfill the immediate need of lhc
area, local dikes to protect the existing settlement areas and farm lands are also advised to be
constiucted by paying due atiention to the reserved national park.
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(2) LaNgaRiver Area

La Nga River area, the location of which is shown in Figure 7.5, suffers from long-lasting
floodding for 10 to 15 days. Agricultural crops such as paddy, maize and sugarcane are subject
to flood damages. Causes of flooding in this ar¢a are mainly flush flood rnunoff from the steep

upper basin as well as deprcssed topography. Channel capacity is markcdly small, being about

150 m3/s and 350 m%¥s in the lower and upper flood-prone areas, respeclively (refer to Figure
7.6).

Owing to the runoff retention effect of Hzim Thuan reservoir which is now under cons'truclidn
the 20-year discharge would be lowered to about 73 % of the basic discharge, and the 5-year
discharge under the present condition would be raised up to the return period of 20 years.
However, flood ninoff is still far bigger than the channel capacity.

The L.a Nga River area also includes a part of reserved national park. Drastic changes of -
inundation conditions in the reserved areas would not be allowed. On the other hand, some

© part of the area has already been developed as fertile agricultural lands with mechanicat
' in’ig:ition systems, and lhe area still has high polenlial for agricultural development in future.

In consideration of the above; a layout plan should be pn,parcd to cl'lufy the areas to be
reserved and to be developed. The areas to be developcd would need flood mitigation '

 measures by means of channel improvement such as diking systems. The flood mitigation -

should be planned and implemented in cbmplying with the régiona] development scheme such |
as agricultural development.  These development and flood mitigation acllvmes should be -
implemented by paymg due attention to conservallon of the rcserved park area. '

‘_ 3 Lowel Dong Nai and Related Rwers

Areas along the lower reaches of the Dong Nai, S'ugon and i:ast and Wcst Vam Co uvem (rcfer -

‘to Figure 7.7) are flat and low—lymg. suf| termg from river flooding and inundation due to local

heavy rains and high tides. The areas experienced big floods in the year 1932, 1952, 1964 and

‘1978, Causes of these floods were typhoon or stationing south-west monsoon. These floods
_ brought about serious damages to puvatc houses and properties, pubhc facilities, 1gr1culmral _

crops and hvestock

Average capacity of the exlstmg channel is estimated as follows (refcr 1o hgun, 1. 8)

- Dong Nai River upstream of the confluence with the Saigon River - : 6 200 m3/s 5
- 'Saigon River upstream of the confluence with the Rach Tra canal ¢ 890m¥s
-* East Vam Co River upstream of Xuan Khanh ' : 650 m¥s

- West Vam Co River upstream of Tuyen Nhon : - 330 m¥s.



Tri An, Thac Mo and Dau Tien reservoirs play an impoitant role for the flood mitigation in this

~area. Wilh these reservoirs, safety of the existing Dong Nai River has been raised up to about
15-year probable discharge and the Sai gon River up to 20-year probable flood or more. The
past major floods mentiened above are those occurred before the commissioning of these
reServolrs.

Since flooding problems in this area have been substantially solved, major problems remained
are inundation due to local heavy rains and high tides as well as the channel with a capacity of

partly lower than the 20-year discharge. The sites which need measures should be investigated
in detail based on the topographic survey and verbal information from the local resident.

River and channel system in the area are complicated, sharing various functions such as

tloodway, drainage, water supply, irrigation and navigation. Functions of these rivers and

canals should be investigated and clarified for planning flood mitigation measures. Continuocus
_diking system with sltuices would be a primary measure of this area, planned in consideration
of the functions of the rivers and canals. |

(4) Subuiban Areas of HCMC

Suburban : areas of HCMC such as Tay Cai, Van Hai, I,c Minh Xuan and Vinh Loc A and B are
located in the topographically depressed -\rea and have been suffering from long-lasting
‘lnundatlon caused by local heavy rains and sprmg tides. ‘The inundation occurs every year in

thousands hect'}res of lands and loses mostly agr n:ullurc produclron such as paddy, ugarcanc -

and pmeapple

: Improvement of canals wnh diking system and shnce would be a primary measwre. Dmmagt.

nnprovemem in lhiS area should be plcmned in complying w;th the dcvelopmenl schemes of the
. areaas p:oposed in the Hoc Mon-Bac Binh Chanh imgauon pro;cct The dramage plan should

be m\plemcnted by gwmg top pnomy to llns area.

'7.1.3  Urban Drainage of HCMC

- Since the urban atea of ‘HC‘VIC is located in a low land surrounded by rivers and canals,
. dramagc as well as’ sewage and waste water has been a problem since its establishmént. -

The exlslmg dralmge system given in Figure 7.9 has seriously been degraded mamly due to
rapid urbanization and budgetary constraints for drainage works. Inundation occurs frequently
in places in the urban area and causes hazard to economic activities as well as people’s
livelihood, damages to public structures and facilities, and deterioration of living and sanitary
environment of the city.




Water quality of the city including the economic triangle zone is probably the miost serious
environmental issue in this area. Almost all of the domestic sewage and industrial waste water
is being released to the canals and rivers without treatinent. According to the appraisal of river

‘water pollution conducted in the year 1990/91, Tan Hoa-Lo Gom canal, Nhieu Loc-Thi Nghe

canal and upper hatf of Tham Luong canal are appraised to be badly polluted.

Recently a master plan study on urban drainage of HCMC was catried out by using full local -
funds. The study is, however, limited to the basic survey of the existing drainage facilitics and
pre parat:on of rep;ur and improvement programmc for seconchly and tertiary drains.

Taking into account lhc situation mentioned above, it is recommended to conduct a master plan
study for improving urban drainage of HCMC. The study should cover the drainage and water
pollution problems, and the plan to be proposed should be discussed from the overall
viewpoint, including main drainage canal systems as well as considering future development of
the city. Considering the recent rapid urbanization of the city, the master plan 's'tudy should be
implemented as soon as possible. :

7.1.4 ¢ Flooding of the Coastal Rivers

' Therc ex1s! many rivers in the coastal arca (rcfer to l igure 7.10). Among thcse major rivers

suffcrmg from flood damages are the Phan Pang, Luy, Phan Thiet and Ca Ty river basins.
Floods in the coastal river basins are characterized by ;

- Shalp flood peak with a short duration, . i :
- Rare occurrcnw of blg flood, but extensive damagc once occuned and

- F lood nmoﬂ caused by heavy ramfall in lhe uppca b'lSm with Icss ralnfali in lhe ﬂoodmg |

ﬂl’t?ﬂS

'Runoff retention by reservoir would be effective for this type of floods. Channel imprbvcmenl

by diking system and river training structure will augment the mitigation cffects to protect the
town areas and agricultural lands from flooding. '



7.2 Salinity Intrusion

7.2.1  Ticld Observation of Salinity Intrusion

A field observation for salinity intrusion was programmed and carried out by the JICA Study

Team in February and March, 1995, aiming to measure the salinity concentration by electric

. conductivity (EC) lhrough' the following three kinds of observation:

a)  Sectional observation: Measurement of salinily at various points of a section to delineate
- cross-sectional distribution of satinity concentration;

b) Longitudinal observation: Measurement of salinity at various sections along river channel

to delineate longitudinal distribution of salinity concentration; and

¢)  Consecutive observation: Hourly measurement of salinity of river water consecutively
s during a cycle of tidal movement (25 hours). - '

: The observation and its locations are shown in Figure 7.11. Date and time for the observation
- are decided by considering the conditions of tidal movement bwsed on the tide table. Major
* findings lhrough the obscrvation are pn,scntcd below :

" Cross-sectional Salinity Obscrvation

In order to clarify the distribution of Cl.-valucs, defined to be %e or number of grams of salt in
kilogram of sample, in a channel section, Cl.-values were measured at 25 points set on five

“verticals and five points on réspéctive verticals. As a result it is found that sectional -
- distribution of CL- alues is rather uniform for the whofc secuons Tlus cesult tvlls that :hc :

: salmlly intrusion in the Study Arca falls under the’ catcgmy of strong mlxlure type and lhus the
dispetsion model shall be ‘adopted for sallmty mlmsxon analyms

Longitudinal Salinity Observation

From the observation résults it is seen that the East Vam Co River is in(lucing the salinity into
the land, while the Saigon auid Daong Nai uvers push down the S'thmly The Kinh Moi-Ben
Luc River connectin g the ch'mnels laterally p!aya anim pomnt role to levcl off the sqlmlly

Conse’bulivg Saliniw Obsewalion

The 25-hour consecutive salinity observation was conducted simultaneou sly at 20 sections to
observe the effect of tidal movement to the salinily and its propagation. The observation was
made twice during neap tide and spring tide. During the spring tide observation, hourly
discharge measurements by current meters were also carried out at the selected sections.
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Results of the consecutive salinity observation are shown in Figﬁré 7.12 by selectling the
sections where Cl-values exceed 0.5g/1.
7.2.2  Salinity Intrusion Analysis

(1) Preparation of Salinity Intrusion Model

A salinity intrusion model in the lower Dong Nai, Shigo'n, East Vain Co and West Vam Co

rivers (Dong Nai System) is prepared to simulate:

- Unstéadj' flow under the change of sea tide and channel discharge,
- Channel discharge distribution in the complicated channel network, and
- Salinity intrusion of dispersion type.

The salinity intrusion model is calibrated using the consecutive salinily observation data -
coltected on March 13/19; 1995. Figure 7.13 shows the result of calibration for some selected
sections, illustrating the simulated water level, discharge and salinity in comparison with the

observed values.

Salinity concentration and its distribution at various sections of interest were calculated using
the simulation model for a time period of 15 days fromt March 5 with a time step of 30 minutes.
The same boundary conditions used for the calibration arc adopted principally for the

. samulatnon exccpt for the case requmng {hc modlﬁmhon of the boundaxy COHdlllOilS

‘_ Ther-., 1sa stand'lrd on Salmlly Concentmtlon in usmg nver water as a water Source of domestlc-
' and uﬂganon wpply as follows : : : s

a) :CL < 4 g/l: For an lrrlgauon water source accordmg to the practtce in Ihc Study Area‘_
“and the Mckong delta, and '

b) CL<0.25g/l Fora municipal water sowce '1cc6rding to Provisional Environmental”
' Criteria, 1993; Ministry for Science, chhnology and anuonmcnt

" The result of sunuhuon for salnmly intrusion wdl be used forjudgmg the sunabllﬂy asa wm.r
- sotrce of water supply and irrigation projects.

(2)' Channel Flow Requiiremem inthe Dong Nai' and Saigon Rivers |

An existing municipal water intake for HCMC is located at Hoa An along the Dong Nai River,
and another municipal water intake for the town of Thu Dau Mot exists near the town along the
Saigon River.. A new municipal water intake for HCMC is under construction at Ben Than

- (Phu Cuong) sité about 1.7 kin upstream of the Thu Dau Mot intake along the Saigon River,



Salinity concentration of river water at these intake sites should be kept below 0.25 g/t
' throughout the year. ‘

According to the present operation of Dau Tieng reservoir, mainténance flow released for
salinity prevention is 20 m¥/s. Including flow from the Thi Thinh River which is one of main
tributartes of the Saigon River lying downstrean: of the Dau Tieng reservoir, discharge at Thu
Dau Mot would be about 25 m¥/s in the dry season.

‘Salinity at the Hoa An site along the Dong Nai River and three sites along the Saigon River is
calculated by the simalation mode! under various combinations of river flows of the Dong Nai
and Saigon rivers as summacized in Figure 7.14. The simulated results clarify the following:

a)  Hoa An site: Salinity at the Hoa An site is estimated to be less than the allowable lmit
(0.25 g/l) even for the discharge combination of 50 m3s in the Dong Nai River and 10
m3/s in the Saigon River.

b) = Thu Dau Mot site: Salinity at the Thu Dau Mot site is estimated to be less than 0.25 g/l for
any cases niore than 20 m3s in the Saigon River. The same result is obtained when the
~ flow of the Dong Nai River is greater than 200 m¥s.

'¢)  Salinity for the case of DI 00825 (refer to Figure 7.15): For the dischargé combination of
100 m¥s in the Dong Nai River and 25 m¥/s (existing maintenance flow) in the Saigon

‘River, salinity at the Hoa An and Thu Dau Mot sites is estimated at 0.05 g/l and 0.23 g/,

respectively, both satisfying the allowable Limit.

’ (3) Chanuel Flow Requwcmem in the East Vam Co Rwer

_ stchargc records are not ava;hble in the rmches of thc East Vam Co River for tlie salinily _

study, since the river is located in the tide- affected area Accordmg to verbal infor mation
obtained from SIWRP the low flow discharge of lhc East Vam Co River itself is 10 m¥s, and
the supply from Dau Tieng reservoir is also 10 m¥/s. The low flow discharge at Xuan Khanh
is, therefore, assumed to be 20 m¥s under the present condition.

- A relationship between difschargé and salinily at Xuan Khanh is obtained as illustrated in Figure
7.16. Accordmg to the simulation study, saluuty conccnlranon at an Khanh is summarized
for various channel flow condntons as follows: '

Qa) Lstlmated salinity concentration at Xuan Khanh is lower than the allowable hmlt (4 g/l)
even for the low flow discharge of 10 m¥s,

© b) - Salinily is estimated at 2.0 g/'l for a discharge of 10 m¥s which corresponds to discharge
' from the Bast Vam Co River without supply from Dau Tieng reservoir.




¢}  Salinity is estimated at 1.7 g/t for a discharge of 20 m3/s which corresponds to the '
existing low flow discharge consisting of 10 m¥/s from the East Vam Co River and 10
m¥s from Dau Tieng reservoir.

Satinity concentration at Xuan Khanh is lower than the allowable limit of 4 g/l even for the low
ftow discharge of 10 m¥s. Taking into consideration the facts that the boundary conditions
given for the West Vam Co River involve uncertaintics by the influence from the Mekong River
and that an allowable limit of salinity concentration of 4 g/l requires rather strict conditions for

irrigated agriculture development, a flow of 20 m¥s is st as the boundary condition of the

East Vam Co River at Xuan Khanh.
(4)  Study on Influence of Channel Improvement for Inland Navigation

Channel improvement works for inland navigation by deepening and widening the river
channel in the deltaic cs‘luary may affect the salinity inlrusion. From this viewpoint, existing

‘conditions and plans of the inland navigation are reviewed, and then the affect of channel

improvement to the salinity intrusion is evaluated.

Existing Inland Navigation

I{_CMC is a key port for infand navigation in this area. According to Network of Inland
Waterways and Highways in the Lower Mckong Delta by WATCO and information obtained
from Saigon Port Authority, (here are seven (7) primary waterways for navigation in the Study
Area, ' ' -

Navigation Improvemcm Plan

| . As a component prolect of Mekong delta m'\ster plau rccovery and mlprovement of the exwlmg
" route from HCMC to My 1110!Mckong delta via the Kmh Te Caml Lay Kho River, Can Giuog :

River and Vam Co River were proposed ‘According to the pl'm the river reaches of the Can
Giuoc River between two confluences with the Vam Co River and the Cay Kho River will be
improved with a canal depth of 3 m and a canal bed width of 90 m, whilst the river reaches of
the Cay Kho River-Kinh Te Canal from the Can Giuoc River to the Salgon Rwer will be
dredged with a canal depth of 2 m and a canal bed width of 70 m. '

Influence 'of Channe] Improvement

Simulation analysis for the salinity inteusion is made for the followmg three cases to evaluate
the influence of channe} implement:

- Case-0: Exisling channel,

- Case-1: Improved channel proposed by the Mekong delta master plan, and

- Case-2: Channel 1mprovemem for the Cay Kho River- Kinh Te Canal with the same
standard section as the unprove.d Can Giuoc River.
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“or both the cases, i.€. Cases | and 2, channel improvement will be made mainly for the Cay
Kho River and Kinh Te Canal, since the Case-1 works are of small scale. According to the
result of simulation, changes in salinity are slight, and adverse effects brought about by these
channel improvement will not be substantial for both the cases. Distribution of the estimated
maximum salinily for Case-2 is shown in Figure 7.17 in comparison with Case-0.

7.3  Watershed Management

7.3.1  Reservoir and Watershed Manageent Issues

The issue of reservoir-related watershed management in the Study Area is integrally linked and _
is complicated by the fact that many of the boundaries between provinces follow the main
rivers. For example, the'Dong Nai River is the boundary between Dong Nai and Dac Lac and
Song Be prbﬁinces in vicinity of the Dong Nai No, 3, 4, 5 and 6 projects (refer to Figure 6,2),

~ Responsibility for managenwnf of key resources such as forestry is on a provincial basis, 50 a

- comprehensive watershed management plan could require the cooperation of three or four
; Provmcna] Foresuy Departments and 10 to 12 District People’s Commiittees. L lke\wsc the
controls on non-forestry land use in any reservoir's catchment area could be divided among a

- simitar number (or more) of provinciat or district aulhontles and state entelpnses

‘Due to the above situation, controls on deforcstauon an(l remedml measures for comrolhng 3
“erosion and sedlmenlamn would need to be planncd and 1mplcmcmcd involving NUINErous ‘
:agenmes Cousequent!y, the planning, progmmmmg and budgeimg for watershed managemcnt
:programmes would need to be completed and, to be mcluded as an integral palt of project
‘planning, programming and budgeting. T s would prabably require an 'mnual allocation of
project revenue from electricity generation in order to effectively implement watershed
management requirements over the long term.

Provisions wider the pollc:cs of the Mnnslly of Agriculture and Rural Dc,veI()pmcnl relating to

Protection Forests and Ieasmg of Prochiction Forest for pr:vatc establishment, maintenance and
‘ _schedulcd harvestmg would also need to be considcrs.d in the preparation of watérshed

‘management- phns fm any individual or a serles of reservoir projects. Similarly, some
© proportion of any watelshed management budget should be allocated for the “protection roles”
of Speciat Use Forests such as National Parks and Nature Reserves included in any specific
watershed management plan.

With the progress being made in Viet N_un:l'lease controlled tand to individuals on a long term
basis (i.e. 1010 15 ha/household) by assigning Forestry Department, there should be good

7-10




oppoitinities for implementing effective watershed management progranimes in the long term.
The opportunity for reforestation of natural forest areas as an integral part of watershed
management plans should also be possible if properly planned and negotiated with Porcslry
Department through the Forestry Inventory and Planning Tastitute (FIPT). Further details and
recomimendations relating to reservoir and watershed management are referred to Appendix IV.

7.3.2  Protected Areas aid Management

As of the year 1992, there were 87 Protected Areas (PA) or Special Use Forests (SUF)
covering about 3 % of Viét Nam’s land area or about 993,000 ha. Recent assistance to the
Ministry of Agriculture and Rural Development by coniservation-oriented NGQ’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 approximately 6 % of the country.

The Protected Areas located in the Study Area are preéemed in Figure 7.18. - The most
 important factors evident at this time relaling to Protected Areas and their management and
water resource devclopments recommended as pnonty projects” includc.

ay The middle and upper parts of the Dong Nai River and Be River catchmcnts havc l‘pSldLlal .
_forcstcd areas including designated Protected Arcas wluch are key componenls of the
“country’s represcnlatwc ecosystems and hmdwersuy

by iSpcc;ﬁc dev.:gnated Protected Areas such as the Cat Tien Nauonal Park are considered -
;mtematlonally s1gmﬁcant {e.g. as proposed Man and thc, Bnosphem (MAB}). Reseryes) and '
could be cuucal habitat for preservallon of somc water-rdal;d endangered fauna in V:et
. Nan (e g freshwater crocodile, otters, selected birds (Wiutc winged (luck cranes and
‘ ‘'stork) and tortoises). '

¢) There is considerable overlap of areas designated for Protected Areas for different
purposes (€.g. Bien Lac and Cat Tien swamps are designated as both “wetland reserves”
and “forest teserves™), but these allocations will be sorted out during ratlomhs'mon of the
revised SpeCnl Use Porest or Protected Area system by the Forest hwcmor} and
Planning Institute {F1PT) and the Ministry of Agriculture and chlonal l)welopmcnl i
conjunction with their international NGO advisers on wildlife and conser yatlon issues.

d) Thereisalackofa consolidated data base relating to Protected Arcas and their overall
significance to Viet Nam and 1o the Dong Nai, Be, Saigon, Vam Co and coastal river
basins, with information being largely specific to particular arcas of varying reliability and

7-1i



of very limited extent relating to areas to be af fected by priorily projects for reservoir and
irigation development.

¢) Previously constructed reservoirs such as Da Nhim, Tri An and  are included in the

Biodiversity Action Plan’s proposed Wetland Reserve programme.

Wetland ccosystems in Vict Nam contain at least 30 genera of flora due to the presence of the
Mekong Delta and inland riverine swamps and are indicated as having a greater biodiversity
than those of other Southeast Asia ccosystens (e.g. Thailand (24 genera) and Philippines (19
genera)). "Of panicula'r ecological and economic values are the Melaleuca leucadendron or
“tram” foi'csls: (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 Nipa fruticans or “dua nucc”. Likewise there are several rare or

endangered wildlife species associated with these wetlands. Since a comprehensive system of

Wetland Reserves has been proposed to the then Minisiry of Forestry by the TUCN, a -
programime to conserve the Protected Areas shall intensively and extensively be implemented in

terms of preservation of natural environment.
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approaches are funhcr eaplamed as follows

8. FORMULATION OF WATER RESOURCES DEVELOPMENT IN THE
STUPY AREA

8.1  Principal Approaches for Water Allocation

Needs for water resources development in the Study Area are discussed in detail in preceding
Section 5.1, To mecet those r;qunemenls, in particular for item a) to d), the limited water
available in the Dong Nat River system is desired to be allocated in an optlmal way. The items,
) to g), are also very lmporlam issues, however, the development strategies for these items are
not directly related to the water allocation of the Dong Nai River system, and can be developed

in parallel with development of the former group.

Although the principal approaches formulating the optimal water allocation in the Dong Nai
River basin are also discussed in preceding Section 6.1, those are presented here again for the
model formulation as follows:

a) Water developmem in the major potenhal arca wuh creation of reservoirs- I)ong Nat and
Be River basins, ' '

b)  Agricultural development in the east coast area with water diverted from the Dong Nai

* River basin, and

¢) - Agricultural development in the HCMC-Long An Delta area with water transferred fron:
- lhc Be River basin. ‘

“The schemaltc dliagram of b'ism modcl is shown in I*Lgun, 8 1 and lhc abovc Ihrec prmc;pal

Water dcvelooment in the major potenllal area

As for the ahgnmenl of the reservoirs to be created in the Dong Nai River main stream, the
combined devetopment of Dong Nai No. 3 and No. 4 projects with the reservoirs would be
most promising in view of electricily generation as well as domestic and mdustml water suppiy :
in the downstream area, pamcularly the SFFEA. '

Others, such as No. 1, No. 2, No. 6 and No. 8 are omllted from the lnst of schemes to be
implemented by the target year 2015 because of low economic indices and social and
environmental reasons. While further details are referred to Appendix IV, Natural Environment
and Appendix V, Hydropower Géneration, Table 6.7 summarizes the screening process of
reservoirs 10 be added to the mathematical model of water allocation.

- Dong Nai No. 3 project has a large active stor: age capacnly of 899 million m3 the creation of

which makes it possible to mcrcasc not nly the mstaiied capacnty of Dong Nai No. 4 {up to
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double of the independent development of No. 4) but also its firm encrgy generation. It also
contributes to increasing the firm energy generation of Tri An project and the river flow in the
dry season at the downstream reaches of Tri An project. Thus, simultancous combined
development of the Dong Nai No. 3 and No. 4 is desirable, but in case where Dong Nai No. 4
“is developed before Dong Nai No. 3, the design of the project should be made in consideration
“of future expansion.

In the Be River, Fu Mieng multipurpose project with the reservoir is promising in view of
clectricity generation and diversion of water to the HCMC-Long An Delta through the existing
Dau ‘Tieng reservoir. Besides the reservoirs mentioned above, i.c. oite existing reservoir of Tri
An and three proposed reservoirs of Dong Nai No. 3, Dong Nai No. 4 and Fu Mieng,
following reservoirs are to be incorporated in the mathematical model of water allocation study;
Dau Tieng, Thac Mo, Ham Thuan-Da Mi, Da Nhim, Dai Ninh and Song Luy. Dau Tieng is the
existing reservoir built for the irrigation development in the Saigon and Vam Co river basins.
Since Thac Mo, Da Nhim and Ham Thuan-Da Mi, which is under construction but is treated as
existing project in the model, are the existing reservoirs constructed in the upper reaches of the
Be, Dong Nai and La Nga rivers respectively, simulated outflows from those three reservairs
“are treated as inflow to the mathematical miedel of the water allocation study. Dat Ninh and
" Song Luy are the reservoirs proposed as part of diversion to the east coast area as discussed
below. '

TAgncull al dev 1|3ment in the coast arca

' Creahon of the Dai Ninh reservonr in the upper Dong Nai Rwer w:ll be the core component to
divert water from the Dong Nai Rwer to the cast coast arca. Water dlversmn will make it |
possnble 1o generate an electric power of 300 MW and then to cxp’md the irrigation schemes in

: the’ Phan Ri and Phan Thiet plams While further details are referred to Appendlx VI,
Agncuhural Development, and lmgal:on Table 8.1 summarizes the screening process of
potential irrigation projects to be added to the mathematical model of water allocation besides
the existing irrigation projects.

- Diverted water would be capable of irrigating a cultivated land of about 40,000 ha which covers
the Phan Ri f)lain_ (29,700 ha out of a total potential area of 32,000 ha) and an east pérl of the
‘Phan Thiet plain (10,000 ha) in conjunction with the watér resources available in the cast coast
arca even if actual irrigation area is changed with diversion amount. La Nga No. 3 diversion
project to irrigate additional ﬁotentia] irrigation area in Phan Thiet plain was initially considered,
- however, since economic viability of the schieme is low, this diversion concept is canceled.
The maximum itrigable area in Phan Thict plain which is to be supplied with water from the Dai
Ninh reservoir through the Phan Ri plain is limited to be 10,000 ha because of the
lopogmphlcal constraint, To rc,gulalt, local flow and to re- rc.gulate the outflow from ihc Dm
Ninh power plant, the Luy reservoir is also proposed to be built.
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Agriculuiral development in the HCMC-Long An Delta area

The beneficiary area of the HCMC-Long An Delta to receive diverted water from the Be River
through the existing Dau Tieng reservoir is dehineated as an area spreading between the West
Vam Co River and the Saigon River. Potential irrigation projects as well as the existing one ate
Dau Tieng existing (45,000 ha), Dau Tieng extension (48,390 ha), Tay Ninh lower (14,300
ha), Long An Delta-Rach Tram (54,000 ha), and HCMC (46 000 ha).

As diversion measures, both the Fu M:eng reservoir and the Phuoc Hoa reservoir are possible
spots from where water can be diverted to the Dau f:cng reservoir through an open channel.
Although the Fu Mieng reservoir has a physical advantagé for diversion rather than the Phuoc
Hoa, the diversion of water before power generation brings the loss of energy output. Taking
into account the above condition, following two develo_pment scenartos are considered as the

altematives to select the optimal diversion scheme from the Be River to the Dau Tieng reservoir

as schematically depicted in Figure 8.2:

- Scenario-A : - Fu Mieng multipurposé project with a diversion channel of 7 km long,
- and Phuoc Hoa irrigation project with a low intake weir for the pump
- intake; and ‘

Scenario-B:  Fu Mieng hydropower project and Phuoc Hoa irrigation project with
~ the Phuoc Hoa dan with a diversion channel of 16 km long,

Bessdcs the lmganon devclopment by inter-basin water lransfer discussed 1bove foklowmg
mngahon areas are to be mcoaporated in the nmlhenmt:cal modcl of water allocation; Plivoc Hm,
(45 680 ha), Ta Pao (23,600 ha), Vo l)’it (15 000 ln), ay \hnh Upper (15 100 ha) and
Dong Nai npanan e\nsung (23, 400 ha), 1ti is noted hcre lhat Tay Ninh: Upper and Tay Ninh
Lower schemes are not one large scale ungauon pro;cct but an nucgralmn of small scale’
irrigation schemes. '

8.2 Model Analysis of Water. Allocation.

8.2.1 Mathematical Model

In order to formulate a mathematical model to seek the optimal allocation of water resources
available in the Study Area, one of the operations research methods, Mixed Integer
Programming Method, has been applied as the overall mathematical diagram is shown in Figure
8.3.



The model structure is briefly described below (for further detail, refer to Appendix X) :

Candidate Projects for the Study Area

The candidate projects for hydropower, irrigation and water supply, which have been selected
‘through the screening process under each sector, including the recently developed and
‘committed ones ate as follows:

- Site I; Dai Ninh reservoir and hydropower (committed);
Site 2: Dong Nai No. 3 reseivoir and hydropower (planned),
- Sile 3; l)ong: Nai No. 4 reservoir and hydropower {planned);
‘Site 4: Tri An reservoir and hydropower (existing);
- Site §: Fu Mieng reservoir, hydropower and diversion (planned);
- Site 6: Phuoc Hoa imigation and diversion (planned);
- Site 7: Dau Tieng reservoir (existing), irrigation and diversion (planned};
- Site 8: Phan Ri reservoir, irrigation and diversion (planned);
- Site 9: Phan Thiet irrigation (planned);
Site 10: Ta Pao irrigation (planned);
- Site 11: Vo Datirrigation (planned); .
-+ Site 12: Dau Ticng irrigation (existing} and diversion;
" Site 13: Tay Ninh upper irrigation (planned);
. Site 14: Tay Ninh lower irrigation {ptanned);
- Site I5: Doug Nai riparian irrigation (on-going);
-, Sitc 16 Long An Delta-Rach Tram ivigation (p!annad},
- S:tc 17 HCMC lmgallon (planncd) ‘
o Sltc 18 Hoa An water supply intake (exnstmg and planned) and
- Sltc 19 Phu Cuong water supply intake (on gomg and planncd}

'Obiectivc Fum:lion

The objective function utilized in the Dong Nai Mixed Integer Programming Model is to

maximize the net beneﬁt which is the dif] ference between the annual economic beneﬁl and cost

: gwen for each site as cxpressed be!ow
Net Beneﬁt = Tolal Beneﬁt | otal Cost

where total beneﬁl mcludesbeneﬁt which will be obtained By hydropower generation,
ircigation development and water supply. Total cost in the objective function includes

- construction costs for the proposed dam, irrigation development, diversion channel and water

supply facilities as well as the operation and maintenance cost for them.




Estimated Inflow

- Morthly discharge at each project site is prepared from inflows at major observation stations

estimated by Tank Model, and by multiplying the ratio of catchment avea and mean annual -
rainfall by respective sites.

The monthly flow at the Hoa An intake for a duration of 29 water-years with assumption that

“the Tri An power station is operating is considered to be the initial condition at the sirategic
- point of this Master Plan Study, and the water-year in the year 1974, i.e. from November 1973

to October 1974, is selected as the representative 4-year drought inflow for each candidate
project site’in order to coincide with the design criteria for planning irrigation development
schemes. '

For further detail, reference is made to Appendix 1II, Meteorology and Hydrology, and '
Appendix X, F onnuhuon of Master Plan PFOJCCl

- Groundwater for Water Supply

* ~Cities and towns developed and to be developed in the downstream reaches of the Dong Nai
-and Saigon rivers, l.e. HCMC and the corridor towns bctween Bien Hoa and Vung Tau, are

assumed to scek water to those two main rivers as their main water sources to meet the
domestic and industrial water demand, since their water demands of _thosc areas are too large 1o
rely on the water sources such as groundwater.

Taking into écc()unt the fact that drinking wateér is one of basic htmian needs for daily life,

water reqmrcmenls of HCMC and the corridor towns betw cen Bien Hoa and Vung Tau are to.
bc matcd as lhe conslmmt lo be met in lhe lmlhemallcal model of lhe Wﬁ(t,l‘ ﬂllocatnon stmly

: .Water demands of scattcrcd rural areas mcludmg d:stnc(s 'md I'I)El_]()l' towns in the Study Area
“are not mcluded in the malhemaucal model, however lhc demand is expected to grow rapidly in

future, and groundwater will be a main source to meet their demands.” This issue is further
discussed in subsequent Seclion 8.3. '

Irrigation and Water Supply Parameters

~ In Dong Nai Mixed Integer Programming Model, monthly water requircments and maximum

irrigable areas are oblained for sites 6, 7, 8, 9, 10, 11, 13, 14, 16, and 17." These water
requirements are prescnted in Table 8.2. For the existing nngauon at Dau Txeng (45 000 ha) -
and Dong Nai riparian area (23, 400 ha), water requirements have been incorporated in the
Model as mandalory demand in order to secure the current irvigation condition in the area.

Furthermore, it should be noted here that for Site 9, Phan Thiet, the maximum firigable area is
defined to be IO 000 ha. This value is obtained based on the assumption that water required
for irrigation is obtained t"rom the natural inflow to Phan Thict and diversion from Song Luy
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dam at Phan Ri. Therefore, the right bank of the Ca Ty River in the Phan Thiet plain is not
included in the maximum imigable area (refer to Appendix VI, Agricultural Development and
Trrigation).

Water supply requirenients at the Hoa An intake for HCMC and the econonvic triangle zone and
at the Saigon intake (Phu Cuong) for HCMC are also obtained based on demand projection of
the nwinicipality and industrial sites as well as the impletentation programme of water supply
projects as follows: |

Site Requirements, m3/sec

Hoa An 36.8 (3,187,000 m¥day)
Saigon 109 (940,000 m¥/day)

A requirement of 36.8 m¥sec at Hoa An is estimated under the condition that all the towns
a!dng National Highway No. 51 along with HCMC seek to the Dong Nai River as a primary -
water source to meet their water demands. These requirenients are treated as mandatory release
~ {constraints) in the model. It is noted here that water demands in the year 2015 are estimated at
2.1 million m¥/day for HCMC and 1.7 million nﬁ!day for the towns 1long National nghway
" No. 51. Deta:!s of the demand calculation are presemed in Appendix VII.- .

Environmenlal Constrainis for Saliniw Intrusion, Maintenante Flow and other Parameters

S’i!inily intrusion is one of major adverse factors for the agricultural development and watei
supply in the areas lymg in the downstream reaches of the Dong Nai, Saigon and Vam Co
rivérs. An intensive study to assess the amount of mamlenancc flow not to cause any adverse
-effects to agrlculluml development and water supply by salinily intrusion is undenaken in
?Appendix 1X. '

A_ccording to the Vietnamese standard, salinity concentration of drinking water is stipilated to
be 0.25 g/l or less. Simulation of salinity intrusion discussed in Appendix IX reveals that an
amount ‘of 100 m¥s be sccured at Site 18, Hoa An intake for water supply, as maintenance
flow of the Dong Nai River to keep the sahmly concentration to the snpulatcd level, whilst
25 m¥s at Site 19, Phit Cuong mtakc for water supply as maintenance flow of the Saigon
Rlvc _ . _ :

Similarly, the minimum flow required for the Vam Co River is defined from the result of the

-+ salinity intrusion simulation study at Xuan Khanh where the intake of irvigation canat for Long

An Delta-Rach Tram exists, At this point, since water is utilized for the agricultural
development only, a salinity concentration of 4.0 g/l is utilized as the standard to maintain, and
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20 m¥/s has been determined to be the discharge to release for preventing the East Vam Co
River from salinily intrusion.

Minimum flow required at the Cai River in the east coast area has been defined so as to
maintain 10 percent of the natural inflow (4-year drought flow) to the site for each month ata
point just downstream of the Phan Thict imigation water intake. Similarly, the minimum stream
flow just downstream of Phan Ri damsite in the Luy River is set at 10 percent of the natural
inflow (4-year drought flow to the site for each month).

‘Furthermore, maintenance flow released from the Dai Tieng reservoir o the Saigon'Riva is set
at 20 m¥/s, while requirement downstream of the Phuoc Hoa pump station has been set at
18.6 m?¥/s, which is the historical minimum l;low'obiaincd from'30—year Tank Moaodel
simulation at the Phucc Hoa gauging station.

Parameters for Water Divéfsio_n

Diversion schemes within the Study Area are considered at sites 1, 5,6,7, 8 and 12. For sites
5 and 6, alternative schemes (Fu Mieng diversion fmcl Phuoc Hoa diversibn) are incorporated in
the model together with five maximum diversion cnpacuy allcmalwes for each site. Snmlarly,

total of five '1lternahvcs for the maximum dwemon capacﬂy at the sites 7 and 12 are
incorporated. For Site 8 (Phan Rito Phan Thiet dwer\ton) the maximum diversion cap*iclly of
* the chanhel is defined at 40 m¥s. For Site 1 (Dai Ninh}, the maximum diversion capacity has
to follow the maximum plant discharge of 57.0 m¥s which is the maximum turbinable flow.

Costs and Bcueﬁts for Oblectwe ]"uncnon

T he objective funcnon explamed above requires cost and bmef1t funcuons of all the water
' resources devclopment pro_lects mcluded in the model such as rcsewonr hydropower, water
: dlvclblon irrigation and water supply | :

Conslmclion costs related to existing facilities, such as Tri An, Ham Thuan-Da Mi, Thac Mo
- and Dau Tieng, are treated as sunk cost and are nol included in the model.

It is to be noted here that ali the costs and beneﬁts given for each 1Itemauvc scheme are based
on the stidy result of Phase Il for the mathematical optimization purpose, and the furlher "
detailed study to estimate the specific benefits and costs for the selected master plan projects is
carried out through Phase 1H, in which the individual project evaluation is cartied oat and the

results are discussed in subsequent Chapter 9. ' |



8.2.2 Model Solution

Given the structured problem and the constraints as stated above, the medel is solved using the
General Algebraic Model (GAMS) incorporating Optimization Subroutine Library {(OSL)
solver. The optimal solution obtained from the model is presented in Table 8.3 and Figure 8.4,
from which the following can be read:

(1) Water Diversion rom the Be River to Dau Tieng Reservoir

It can be said that tie water resources in the Study Area are relatively abundant and that
~ diversion of water from the Be River to the Saigon and Vam Co rivers would enable additional
irrigation development in the latter area. ‘In order to compare the potential irrigation
development scenario of diverted-case and non-diverted case, the model is applied by enforcing
integer variables at both Fu Mieng and Phuoc Hoa diversion altematives to be zero; that is, no
diversion scheme is considered from the Be River to Saigon River. Constraints incorporated in
the model, such as boundary con(_]i'lions at the Dong Nai River at Hoa An, the Saigon River at
* Phu Cuong and the Vam Co River, have been kept the same. The result of this analysis is as

follows:
_ - Unit: ha
. Site Project Max. Irrig. Area Diversion No Diversion
Site6  Phuoc Hoa : 45,680 45,680 : 45,680
- Site7 . Dau Tieng (Extension)* + 48,390 48,390 37,264
- Site8 . PhanRi | - 29,760 29,700 29,700
- Site® ¢ PhanThiet =~ _ 10,000 10,000 . 10,000
Site 10 - TaPao 23,000 0 - 19,000 - 23,000
©- Sitetl  VoDat. S 15,000 S 12,617 0 15,000
- Site 127 Dau Tieng (Bxisting) . © - 45,000 - 45,000 .« . 45,000 ’
Site 13 Tay Ninh Upper o as1000 0 0 10,825 0 10,825
- Site 14, - Tay Ninh Lower =~~~ 14,300 - 14,300 " 14,300
~Site 15 - Dong Nai Riparian - 23,400 © 23,400 23,400
Site 16 Long An Delta* 54,000 31,170 0
_ Site 17 . HCMC* ' 46,600 46,000 - 0
- Total 369,570 336,082 274,169

Note: - * Beneficiary areas by diversion from the Be River.

" “The above result preéents the fact that it is not possible to irvigate a total of 88,300 ha (entire

“iirigation area of HCMC-Long An Delta and pait of Dau Tieng Extension) without the water .

diversion from the Be River, although the case without diversion shows a favour for Ta Pao
and Vo Dat. Water resources in the Study Area are abun’d&nt, as noted above, however,
utilization of water in the Study Area would not be optimally allocated unless water is diveited
‘from the Be River to the Saigon River.




(2) Incrementai Paddy Production in the Study Area

In respect of the paddy production in the Study Area to compare with the demand growth at the
planning target year 2015, the following Table is presented to analyze the incremental paddy
production in the Study Area:

Incremental Paddy Production

S Developmeit  Present Future = - Production
Site Project " Arca Production Production  Inctement

L _ ) (ha) ~ (ton) {fton) - {ton}

Site6  Phuoc Hoa 45,680 39,630 139,360 99,730
Site7  Dau Tieng (Extension) 48,390 181,460 235,660 54,200
“Site8  Phan Ri ~ 29,100 41,440 182,660 141,220
Sitc 9 Phan Thiet 14,000 22,230 61,500 39,270
Site 10 TaPao 19,000 51,950 - 150,510 98,560
-Site 11 Vo Dat 12,620 1,750 107,100 105,350
Site 12 Dau Ticng (Existing) 45,0060 168,750 - 168,750 0
Site 13 Tay Ninh Upper 10,830 40,590 124,490 83,900

Site t4 Tay Ninh Lower ‘ 14,300 53,630 164,450 110,820 .
Site 15 Dong Nai Riparian 23,400 70,200 70,200 0
Site 16 Long An Delta S 31,170 53,200 192,070 138,870
_Site 17 HCMC 46,000 55,800 . 221,630 165,830

Total 336,090 780,630 1818 380 1,037 750_'_"

With an incréased irrigation area of 267,690 ha (i‘.e. 336,090 ha inin(w 68,400 ha of existing
Dau Tieng and Dong Nai Riparian) by hrigated agricultural development, the incremental paddy
production is estimated to be 1.04 million tons per annum in the ye ear 2015

© While the rcqmremem of paddy to meet the population increase by 7 3 mzlhon in the Sludy: -

Area from the year 1995 to 2015 is csllmatcd to be about 2 1 million tons by assuming a per :

capila consumpnon of 285 kg/year, it is conﬁuned that the irrigation de'. elopmem to lhe full: -
~ extent under the optimum lmllzallon of water resources in the Dong Nai and surroundmg river

basins would be still in short for the self- sufl|c1ency but definitely contribute to the stable food
supply in the Study Area.

‘This lmgatlon dwelopmcm matches to the agnculiural development pollcy in the Study Arf:a to
mlmsrfy food crops such as rice by taking into consideration the present situation that food
production can only satisfy 50 % of demands in food stuffs. "By doing such endeavour in
agricultvral development, there would still fall short of food supply, w_hich would liave to be
supplemented by the increased paddy production through the rehabilitation and extension of the
exisling irrigation schemes and import of pa_ddy mainly from the Mekong Delta as currently
being practiced.
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(3) Comparison of Diversion Schemes at Phivoc Hoa and at Fu Mieng

it is wotth mentioned that the diversion scheme of Fu Mieng is selected as the optimal diversion
scheme when compared with the Phuoc Hoa scheme. As a comparison, the model is set so as
to enforcing the selection of Phuoc Hoa diversion scheme,

The result of the analysis reveals that the net benefit of the model when Phuoc Hoa diversion
scheme is selected would become US$ 491 million while that of Fu Mieng diversion scheme is
- USS 492 million. While the difference of net benefit between two schemes is marginal, the
mode! conclides that Fu Micng diversion scheme is niore beneficial and therefore it is includéd
in the optimal set of solutions, Further studies to select the optimal one between two
-~ alternatives are discussed in subsequent Section 9.2,

4) D'evelopmem of East Coast Area by Dai Ninh Diversi_oli

From the optimal set of solutions presented, it is found that diverted water from Dai Ninh to the

east coast area would fully be utilized by constructing the Song Luy reservoir and by re-

diverting water to the Cai River for the full dcvelopmem of Phan Thiet and Phan Ri plains. To

realize these Iirigation development, the active storage capacity of 110 million m3 is required for
the Song Luy reservoir.

gy (S) : Dcveldpmem of Hydropowerz Damsites

The résdlls indicate that the reservoir deirelopnwntﬁt Dong Nai No. 3 and Dong Nai No. 4 is
-nol‘reqixir’cd ‘lt should be noted that, however, this résult came from the constraints
mcorporated m the Model, such as underestimated energy output due to adoption of 4: ycar
_draught year whnch was required in conformlty with the unganon plannmg criteria, and the

_lumlauon of lho mode} Wthh cannot incor porate lhe Slectii lcaly demand by the target year 2015,

hcncc no c0ns1der1!10n is made for capacily valu assessment.

Hydropower' dcvelopment in the Study Area is sludicd in Appendix V, Hydropower
Generation, in which the generation expansion planing study is separately carried out, and it
conflrmed that the combined development of Dong Nai No. 3 and No. 4 is necessary in the
? year 2006 to 2008. It is also obvious that the reservoir development such as Dong N'n No.3
and Dong Nai No. 4, would create further positive impacts to the downstream flow, especially
in the dry season.. Tlllereforc‘, the optimal set of solutions obtained by the water allocation siudy
_ should concurently be considered.
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(6) Water Requirement at the Hoa An Intake and Future 'Devclopmcm of the Dong Nai River
Basin beyond the Target Year 2015

The minimum flow requirement at the Hoa An intake for the salinity intrusion is set at 100
m¥s, whilst water supply requirements for HCMC and the towns alorig National Highway No.
51 are 36.8 m3/s. '

Since the minimum monthly firm discharge at Tri An is set at 23O‘m3fs, the balance between
water actually ielcased from the Tri An power plant and water requirements for water supply
and salinity intrusion is counted as the future potential for development. Following is the
discharge secured at Hoa An before the abstraction of requirements for water supply:

. ‘ _ _ (Unit in m¥s)
Jan. Feb. Mar Apr. May Jun July  Aug. Sep.  Oct. Nov. Dec.
414 234 241 243 468 294 472 l,Olil 500 1,237 674 295

The above Table suggests the fact that a further development of some 100 m3fs (i.e. 234-36.8
- 100 m¥/s) be possible bcyond the Iarget year 2015 at the downstrcam reaches of the Dong

- Nai River, provided that the mininum flow of 100 m¥s is kept a_t the Hoa An intake for salinity.
* intrusion and that the minimum monthly firm discharge at Tri An is kept at 230 n’fﬂs.i

Direct diversion from Bien Hoa of the Dong Nai River to the Saigon River and further through
the Rach-Tra canal to the East Vam Co River would be considered as one of development’

* alternatives beyond the year 2015 for further development of low- lymg areas extendmg in
llCMC and Long An p:ovmce Such ] proposed dwerswn route 1s shown in I‘lgun, 8.5.

] hgure 8. 6 shows the companson of ﬂow of the Dong Nai Rwer at Hoa An bt,twcen that in thc “

Model Solution after abstraction of water rcqulrements for water supply, unganon and

- diversion for the Master Plan Pro;ecls and the natural flow with only the Tri An reservoir is in
. operation (as the present condition) but without 1mplemenlmg any Master Plan Prcucc!

Snmhrly, diSCh'II’gC secured at Phu Cuong of the Sai gon River, where the minimum flow is set

Catl 25 m3ls for salinity intrusion, aftcr the absnacnon of leqmrcmems for water supply is as

follows:

(Unit in 1113!3)

“Jan. Peb., Mar Apr. “Max__ Jun. July  Aug. Sep Gct. Nov. Dec.

25 25 25 23 37 83 42 25 52 ?5 60 . 25

For the East Vam Co River, discharge secured just downslream of Xuan Khanh, where the
minimum flow is set at 20 m3/s for salinily intrusion, aftér the abstraction of water
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requirements for irrigation for Long An Delia-Rach Tram 15 also presented as follows for

reference

e ~_{Unitin m¥%s)
Jan. Feb. Mar Apr. May Jun. July Aug. Sep  Oct. Nov. ec.

20 20 20 20 ‘22- 59 32 62 59 183 54 sz‘:‘

8.2.3 Sensitivity Test

A d-year drought flow estimated at Hoa An is used to gain the optimal water aliocation of the
Dong Nai River basin, since the Hoa An site is considered to be the most appropriate place to
measure hydrological regime of the whole of the Dong Nai River basin.

‘However, there is an argument that hydrological regime does not necessarily coincide between
the Dong Nai m_ain stream and the Be River, which is the crucial water source for the diversion
scheme to the Saigon and Bast Vam Co river areas. ‘Indeed, a careful assessment of discharge .

: ‘dat'l:at the Phuoc Hoa .s{alion which is the representative discharge gauge in the Be River
basin, shows the 4-year drought in the 1969 water year, i.e. Noxember 1968 to October 1969,
. against the 1974 water )ear at Hm An,

© A sensitivity test is canied out to Sue lhc change of iirigable area, in particular in the Saigon and
LﬂS! Vam Co rwu basin, by applymg flow data of the 1969 water year to each interesting site.

Followmg shows !he result of scnsnmty test and compares the ungable areas gamed by
app‘lymg 1969 and 1974 water year data for each schemc o

4 !‘
P 4

T Irrigable Area, h:a

Imigation Scheme T “Maximum 1974 Water Year .~ 1969 Water Year
Site ¢ Phuoc Hoa 45,680 45,680 45,080
Site 7 Dau Tieng ([“KlC!ISIOIl) 48,390 48,390 48,390
Site 8 PhanRi ‘ 29,700 29,700 29,700
Site 9 Phan Tiet - : 10,000 - 10,000 10,000
Site 10 TaPao = . . L 23,000 - 19,000 19,000
Site 11 VoDat ' - - 15,000 12,617 8915
Site 12 Dau Tieng (Existing) - -~ 45,000 45,000 45,000
Site 13- Tay Ninh Upper @ - 15,100 10,825 8,926
- Site 14 Tay Ninh Lower 14,300 14,300 1,4300
‘Site 15 Dong Nai Riparian - 123,400 23,400 23,400

¢+ {Existing) o :

~ Site 16 Long An Delta . 54,000 31,170 23,773
- _Site 17 HCMC _ 46,000 46,000 40,752
| Yol o 36957¢ 330082 317,836
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The above sensitivity test tells the tendency that the iimigable atea, in particular Long An Delta
and HCMC, reduces as the flow of the Be River decreases. Taking into consideration ihe
uncerlainties involved in retum flow, cropping pattem and maintenance flow of the Saigon and
Fast Vam Co rivers, the result obtained by using hydrological data of the 1974 water year is
treated as a prime result, whilst reference for the result gained by the 1969 data.

8.3  Development of Rural Area

The mathematical model solutions discussed in Section 8.2 deal wit_h' only large scale
development projects in respect of the 0pﬁnml'wmer'allocation of the Dong Nai main river
system such as the Dong Nai River main stream, the La Nga River, the Be River, the Luy
River, the Saigon River and Vam Co River. It is however to be stressed that there are rural
areas wher¢ they cannot receive any benefits (or indirectly or partially only) from implerﬁcuting
these large scale projects due to their topographical locations such as isolated areas, remoteness

~ from iwajor demand centres, and rather small development scale.

Migration of people seeking job opportunities from rural areas to large towns such as Ho Chi

~ Minh City, called mechanical increase, not only has merits to supply labour foree necessary for

sustaining economic development of the SFEA, ‘which is a locometive of national economic
development, but also brings sufe-eﬁccts to deteriorate urban amenity ‘as replesented by
squatlerb' housés built along the tivers and canals. ' o

Fxcesswe mlgrat:on of people to urb:m areas m'nniy 1esulls from the h\'mg slandard of rural

: area stayimg at a subsistence level Tlns severe Tives in lhz, miral arca may be inferred from lhe :
? per formance of rural water supply proy.cts in the Study Area as dealt with in Appcndtx Vll

Domestic and Industrial Water Supply that is, the work to collect drmkmg waler still shares a
targe part of daily life of women and children in the ural area.

Taking into account the living condition in the rural area, matters to be carried out for the socio-
economic deve!opmem in the Siucly Area most urgently alc to improve social amemly and to
create job opporlunmes in the rural area, which should be carned out in parallel with

developing the large scale projects under the long term objeclwes and which is one of the

prmcnpal policies adopted for this Master Plan Study to reallze the most efficient and bfilanced
devetopment programme in the Study Area.

In terms of water resources development, enhancement of social amenity can be made by

improving water supply in the rural area including district and major towns in the respective
regions. As discussed in Appendix V1§, a total of 1,207 rural water supply projects are



proposed to be implemented within the coming 20 years as parts of the work to enhance social
amenity. :

On the other hand, creation of job opportunities will be made by improving and rehabilitating
small scale irrigation projects scattered throughout the Study Avea. As discussed in Appendix
VI, Agricultural Development and Lirigation, a total of 229 small scale irrigation schenies are
identified in the Study Area, consisting of 164 improvement and rehabilitation schemes and 65
new schemes. As part of creating job opportunities in the rural area, actions to realize the
improvement and rehabilitation of those 164 cxisiing scheines as well as the implementation of
65 new schemes are ur_genliy required.

Following is the summary of small scale projects to be i.mplcmenté(l for the rural development
in the Study Area

Small Scale Trri p;alion Projects Rural Water Supply Projects
_ Existing Rehabilitation New Proposed Projects : :
Province - - Projects o Number of Noumber of
' Numberof ©  ‘Total Area Numbero[ Total Area - Communes Projects
e PrOECES (ha) Projects ____(ha) i
‘LamDong . 25 10,809 3 3,050 29 9
Dac Lac T L 121 e 0 19 46
Ninh Thuan 1S . 3932 3 6,400 9 a7
Binh Thuan $6 20,033 2 608 © 25 193
Ba Ria-Vung Tau IS 8080 18 - 8450 20 29
Dong Nai 3 16930 ST e 48 190
SosgBe 16 4581 200 1094w . B
TayNih .3 - 3260 0 12 2080 . 9 - . on9 .
LongAn‘ ol e e Lo 30 02
| _Total 164 61745 65 61242 170 1,207

The promotion of small scale iirigation schemes has effects not only to create job opportunities
through direct employment or paticipation, but also to enhance the induction of agro-based
industry and to imprOve chtonic' malnuitrition conimon in the rural area. )

It is true that 1 fakes much time to complete the rural water supply progr'lmma and the
" improvement and rehabilitation programme of small irrigation projects due to their numercus
number. Flowever, implementation of one rural water supply project or small scale irrigation
scheme generates quick effect to the beneficial area. Thus, it is considered urgent to make an
implementation programme of rural water supply and small irrigation projeets to catry out step
by step. For expediting the implementation of such rural development, some financial
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assistance from foreign countries will be required to reduce the financial burden to the

government,

8.4  Sclection of Master Plan Projects

“The opt:mal 'ltlocauon study of watet resources available in the Study Arc,a as discussed above
has presented various significant points of consideration for the integrated developmcnt of the
Study Area. Based on the result of the optimization study in Section 8.2 as well as the
discussions to enhance the living standard in the rural area in Section 8.3, master plan projects
to be implcmented within coming 20 years, i.e. by the year 2015, in the Study Area are
proposed as given bclow ' ' ' '

(}} Improvement and rehabilitation of 164 small scale lmgauon pro_;ects as well as the
. 1mplememauon of 65 new ones as the rural agricultural dcvelopmem project, '

(2) A total of 1,207 rural water supply projcclé,

{3) Two liydropm’ver projects with reserveoir (420 MW in total),
: " Dong NaiNo. 3: 180 MW '
- Dong Nai No. 4 240 MW,

() The Be-Saigon diversion project (a diversion mn'ount of 60 m¥sec to the existing Dau
Tieng in the Saigon River basin), S : a :

| (5) Eight (8) imrigation projects (242,560 ha in total) including Song Luy frrigation reservoir.
’ porject (1 10 million m3 in active ‘storage); Phuoc Hoa (45,680 ha), Dau Tieng F'&tensmn
(48,390 ha), Phan Ri (29,700 ha), Phan Thiet (10,000 ha), Ta Pao (19 000 ha), Vo Dat
(12,620 ha), Long An Delta (31,170 ha) and HCV{C (46,000 ha),

(6} Wah:r supply project along Nahonal Haghway No. 51 ( 1.7 m:lllon m’;/day in (Iemand) :
and :

(7) Stiengthening of the organization on water-related institutions.
The master plan projects proposed in the Study Area are summarized in Table 8.4 and shown in

Figure 8.7 except for Item 7, which is the institutional proposal to smoothly implement the
projects mentioned in Items 1 to 6 and is discussed in subsequent Section 10.2,



The supplemental notes on the above plans and projects are as follows:

Rural Development for Small Scale Irrigation and Water Supply Projects

In order to raise the living condition and create job opportunities in the wurat area, it is proposed
that the rural water supply projects and small-scale irrigation projects be incorporated as a set of
master plan projects.

- Noting the urgent demand which must be rcspéndcd by the Government, (hese small-scale
irrigation projects and rural water supply projects are critical for the overall increase of the

* living standard in the rural area. This set of master plan projects would not only create job

opportunities but also focus on the improvement of social amenily and reduction of poverty in
the rural area. In other words and most importantly, 1t would contribute to the sustainable
development of the rural area. While the scale of each project within this set of master plan
projects is small, the significance of the impacts of these projects which will contribute to the
tural area cannot be neglected.

- Hydropower Projects -

In view of the fuiurc.cl'c:cl'ric‘l supply situation in which the electric power demand is expected to
graw some '_10 times greater than the present level within coming 20 years as dis:c_usscd in
~ Appendix V, and fromiviewpoim of efficient utilization of the indigenous resource which is
cnvironmc-ntall_y.clemi and rénewable; and contributing to saving foreign exchange earnings for
imporliﬁg fossil fuel'at_ the same time, hydropower projects shall be developed as much as
possible. ‘ B ' : o

R Cl t

These projects will create further 'pcsiti'.?e inpacts to the downstream flow, especially in the dry

“season. Cons;dcrmg the full developmcnt of SFEA and funher dcmand whlch will be created’ :
by future cxpansmn of Bconomic Triangle Z one, HCMC and its vncmmcs beyond the target |

year of 2015 to the mid-21 century, the positive impacts of tiie combined scheme of Dong Nai
No. 3 and Dong Nai No. 4 cannot be neglected and this scheme is thus incorporated as the
master plan projects.

s folb'e noted that the power output of Dong Nai No. 3 , No: 4 and Fu Mieng was initially

-~ assumed to be 130 MW, 318 MW and 60 MW respectively during the Phase I study period.
: I{owever; baécd on the topographic survey, geological mapping and the further opiimi?'atioﬁ
' study camed out in the Phase IH Study, the capacities of these pro;ccls are modified to be 180
"MW, 240 Mw and 55 MW respeclively.

Large Scale Inigation Projects

- In view of the integrated regional development, a total of eight irrigation projects out of ten
projects are incorporated as the master plan projects with large scale, and Tay Ninh Upper
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(10,825 ha) and Tay Ninh Lower (14,300 ha) which were components of the mathematical
water allocation model, are categorized under lhc:improvcmcnl and rehabilitation of small scale
irvigation projects since those two areas are a cluster of small scale irrigation projects. Asnoted -
above, the irrigation development to the full extent under the optimal utilization of water
resources in the Dong Nai and surrounding river basins would contribute to the stable food

“supply in the Study Area.

Furthermore, the optimal allocation study has also revealed the fact that, in order ta support the

‘full devélopment of potential irrigation  area, three key projects: 1) Dai Ninh
“hydropower/diversion for the intér-basin transfer of water resources of the upper Dong Nai

River basin for the developnient of east coast area; 2) inter-basin transfer of water resources of
the npper Be River basin for the development of the Saigon and East Yam Co river basins; and
3) Song Luy irfigation reservoir for the full utilization of water resources to be made available
by the construction of Dai Ninh for the east coast area are indispensable.  Taking into
consideration that the Dai Ninh project is already gwen the priority to be developed in early
2000s by the Vietnamese Government, the project is treated as a committed project, i.e.

exclusion from the list of master plan projects, and Be- Saigon diversion pmject and Song Luy
FESErVOir projects are included in the list of this master plan projects.

Water Supply Projects Along National Highway No. 51

Development of domestic and industrial water, as discussed in detail in Appendix VIL, is
important not only for meeting the basic human needs in the Study Area, but also for economic

~ development in the southern Vlet Nam mcludmg SFEA wluch is. consudered as a locomonvc

area foa l'uturc mnonal economic dcvclopment

W Inlc m’my dtslucts and major towm scattx,re(l in thc Slucly Ara,a still h'wc such a scaie that
- their'water demands can be met with the developm\,m of groundwatcr HCMC and the cor idor
" area along Nan_onal Highway No. 51 between Bien Hoa and Vung Tau are needed to seek a

water source of domestic and industrial water supply to surface water such as the Dong Nat
River due to a large future demand of 2.1 mllhon mY/day for the former and 1.7 million 1113!(13)
fon the latter in the year 2015.

Water supply projects for HeMC and the corndor area along Natlonal Htghway No 51 are _
thus considered to be two candidates for master plan projects by taking into account thc '
developmenit scale as well as the influence to the economic development in the nation.

Currently, a master plan study has been completed with funds from the Asian Development
Bank to make a concrete development plan for the water supply of HCMC. On the other hand,

“the corvidor area along the National Highway No. 51 consisting of five demand zones (refer to

Appendix VH) does not so far have a clear plan for water supply in an integrated manner, even
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(if studies for a few specific projects are independently cartied out by the Vietnamese
- Government.

Taking into consideration the situation mentioned above, the water supply project along
National Highway No. 51 is sclected as the master plan project of water supply.

Flood Mitigation

- Flood mitigation study discussed in Appendix VI identifics the flood prone-areas in the Study
Area such as Cat Tien and Ta Lat area in the upper Dong Nai, Ta Pao and Phu Dien area in the
La Nga River and the lower Dong Nai and Saigon River areas. Since flood simulation study
reveals that flood damages in the said areas are substantially solved with flood retardation
effects of the existing and proposed reservoirs, flood mitigation projects are not included in the
list of master plan projects. However, in case where the proposed iirigation master plan
- projects are still susceptible to flooding, in particutar, local flooding, a flood mitigation plan
shall be studied as part of imigation development for those projects.

* Qverall Planning, Coordination and Management

Finally, the result of the optimal allocation study of water resources available in the Study Arca
has e‘mphfxsized the importance of integrated approach to the water resources development. -

Most of the deveh)pment projects rcvwwed in this masler plan study, although some are newly
"~ identified during the sludy period, have been studied previously by line ministries and agencies

or by provincial governments. However, while some of these projects have been found
' feasible as an individual project, feasibility in lerms of the Dong N'u River and surronndmg
river basms as a whole lns never been analyzed '

'
i

tis consldered lhat thc ovcrall 'md mtcgrated planumg, coordma!ron 'md m'magement of the ;
fwalcr resources development in the Study Area will be (he key factor for the successtul
implementation of the proposed master plan projects by the year 2015. To realize this, a
rcgioﬁal level institutional framework and managemient vnit for continuing the project-related
activities of the Dong Nai ’\/hstcr Plan is recommcnded to be organized. For further detail,
refcrence is made to Chaplel 10, '




9,  PRELIMINARY BASIC DESIGN AND EVALUATION '.FOR' THE
SELECTED MASTER PLAN PROJECTS -

9.1  Combined Development of Dong Nai No.3 and No. d

9.1.1  Project Layout and Preliminary Basic Design

The project layout including the reservoir water levels of the combined development of Dong
Nai No. 3 and No. 4 is reviewed from the viewpoint of optimum utilization of the head
available within this particular river stretches, based on the cross section survey results
obtained during the Phase 11 study period.

Taking into consideration a rather steep river profile lying downstream of the Dong Nai No. 3,
extension of the headrace tunnel is envisaged as an altemative to cfficiently utilize available

~ head, and accordingly FSL of Dong Nai No. 4 is reduced from El 480 m to E} 440 m. In

case of setting FSL El 440 m, the layout for the dam 'ui_d spillway of Dong Nai No. 4

: becomes more compact and is improved for conslmct:on

Based on the power optumzallon sludy, it is conﬁuned that the combmatlon of Dong Nai

- No.3 (180 MW) with FSL of Ei..570 m and Dong Nai No. 4 (240 ‘AW) with FSL of El
440 m is found to be the best combination (for furlher del‘uls refer to Appendlx X:

Hydropower Generation).

The principal features of the pro;ect are sumlmmed in ‘lable 9. l and the b‘lSIC Iayoul and

-+ design prepared based on the cross sccnon survcy resulls are shown in [':gures 9 I and 9.2. o

'9.1.2  Site Geology

Project areas of :Dong Nai No. 3 and No. 4 ate located in the comparatively narrow valleys
with 100m to 150m width and are under the similar geological conditions. Basement rocks of
the project area consist of mamly dark-gray shale nnerbedded by fine to medmm gramcd '
sandstone of Ban Don Formation in the Mesozow Jurassic. The bedding phnes stnkx, N45- 60 .
E and dip 50-70 S. )

" For the geology of both damsites, hard and massive fresh rocks outcrop widely at the riverbed

of each dam site with a few smal} shear zones parallel to bedding planes and joints. No major
fault can be found at both the damsites. Colluvium deposits in the Quaterary distribute at the
foot and on the gentle slopes of each bank. The thickness of weathered layers is expected to be
more or less 20 m and partially 40 m at both right bank and Ieft bank abutments of Dong Nai



No. 4 and to be around 10 to 20 m at Dong Nai No. 3. Basaltic rocks in the Neogene-
quatcmary are siluated on the top of mountain higher than El. S00 m to 650 m overlying the
basement rocks.

It should be noted for the downstream alternative damsite {concrete dam) of Dong Nai No. 3
that a trace of old large-scale landslide is observed in the reservoir area at the right bank 500 m
upstream of the damsite. However, the damsite itsclf consisting of fresh rocks free from
weathering seems to have sufficient strength and is errp'ected t0 show impermeability for an
“around 100 m high concrete gravity dam due to no large fractured zone and well contacted
bedding planes and joints. Therefore this altemative should be investigated in more detail in the
coming feasibility study stage.

For further detailed assessment, reference is made to Appendix ¥ (Topography and Geology).

9.1.3 - Initial Environmental Examination

: Pr ;ecl Area

' The proposed reservoir areas are v1rlually undisturbed and would mvolve ﬂoodmg of riverine
5 frmgc forests with relatwely high wildlife habitat values and adjacent areas which are bamboo
forests in the case of Dong Nai No. 3 and bamboo and evergreen in the case of Dong Nai
" No. 4 Project. All these ecosystems are wrdely distributed in Central Viet Nam with equivalent
: lnbllats both upstream 1nd downstream along the Dong Nai R:ver including in Cat Tien
: N'&tlonal Park The general drstr;butron of wrldlrfc in the project areas would be also similar to

that in Cat Tren National Park, however, it is ll‘ldIC‘ith through drscussrons with locnl &

: conmmmtrca lhat the Javan Rlnnoceros areas do not exist in the proposed FeSCIVOIr arca.

There are only limited communities locatcd in and near th_c areas affected by the p'ro;ects, and
the nearest villages to the damsite/reservoir in each case are of the order of 4 to 8 km away. The
villages indicated to be immediately upstream of the Dong Nai No. 3 damsite have been
relocated to ridge sites in the B’sre area above proposed reservoir level, Continved use of these
areas and the groups mvolved and their customary rights to the arcas in the reservoir area need
to be confirmed. Human use of the area js limited at present to opportunities for exploitation of
forest, fruits and leaves, bamboo, rattan, wildlife (hunting and trapping) and fish. No local
communities are entirely dependent on the forests of the proposed reservoir areas for their
subsistence or mcome

Aquatic Ecology Aspects

The water quatity of the Dong Nai No. 3 and No. 4 réservoirs would be entircly dependent on
the extent to which clearing of vegetation is undertaken. With relatively small reservoir areas, it
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imay be possible to log and extract forest products from the majority of the reserveir arcas.
Rafting of bamboo for recovery filling may also need to be considered due to topography
constraints in both the reservoir avea. Prediction of Dissolved Oxygen (DO) levels should be
vidertaken for the LIA study based on forest inventory/biomass surveys and assumptions
regarding the effective extent of clearing.

The anual productivity and potcnml ylclds for reservmr ﬁshcnes could be limited due to
several factors including:

" - Relatively narrow deep reservoirs characterized by drawdowns of 25 to 30 m (Dong Nai

No. 3), .

- Low primary productivity due to litnited nutriesits present in river inflows and cooler water
temperatures in the reservoirs, '

- Potential thermal or chemical stratification dmmg the winter season due to 1mblent
temperatures and decaying biomass from seasonaliy exposcd drawdown zones.

Socioeconomic and Resettlement Aspects

““The main communities in the vicinity of project arcas are as follows:

Dong Nai No 3
B’sre (90 to 100 familics) cast of the (Iamsnte and Dak Plao (225 families) near the top end
of the ree.crvon are located well above proposed reservoir FSL of BL. 570 m. T he extent to -
which Route 724 south from the Dong Nai chr to Dmh Trang Tuong would be flooded
needs (o be ver :f;ed by topogi aph:cal suwcy '

Dong Nm No 4 ‘

Qu'mg Khe conslslmg of 250 to 260 f’mnlles plus several outiymg hamlets to !he north
along Route 724 and to the east towald the damsite i is all located above the reservoir levcl
however, their requirement of access routes nieeds to be clarified and confirmed.

Compensatmn and resettlement requirement as p;esemly indicated for the Dcmg Nai No 3and
No. 4 are considered to bc acceptable. The sitvation could alter however belween’ now and‘
project constmcl:on due to ongoing influx of peoplc to the general area. ‘A “land freeze” on
permanent occupquon and allocation of Jand in the reservoir and their immediate tributary
catchment within 3'to 4 km of the reservoir margins should be considered. It is possible that
Dac Nong’ s Dak Plao community of 225 households may need to be relocated for the Dong
Nai No. 3 Project, however no communities presently exist in the southern sector of the
reservoir in D Linh disteict.



The main potential sociocconomic effects of the Dong Nai No. 2 and No. 4 projects would
include:

- Economic expansion of the two district centres nearest the projects: Di Linh to the south in
{.am Dong province and Dak Nong to the north in Dac Lac province,

- Upgrading of Route 724, eventually to be Nalional Highway No. 8 linking Dak Nong and
Di Linh as well as associated effects particularly relating to:

i Improved access for existing communities to focal and regioiial market,
ii. Localized benefit to existing and new business along the road, and
ii.  Secondary benefits to local cdmmunily for access to schools, health facilities and
services.

_ Adverse cflects on land and forest resources duc to farther pressure for land development
and forest arca explo;lauon and in-migration due to employment opponunmcs '

- Opporlunities to consolidate regional and area dcvelopmcnt plans due to |mproved
* infrastiuctutes, communications and dwers:ﬁcauon of the local economy.

Conclusion and Recommendmions

T he combined. development of the Dong Nai No 3 and No. 4 pro;ects allhough located in
“relatively remote '1reas “could be cnnstrucied and opcrated in an envuonmcmally acccptab!a
way. The main environmental adverse effects would relate to further losses in m'enned habilat

of the Dong Nai River system; This could be acc:,ptablc prov:dcd the exient of Iosses of the
habnat type does not extend complclcly along the Dong Nai River throtgh cascade lypc dam,

and reservoir development It is considered that sacioeconomic benefits would accrue in the

long term relating to local, district and regional developmem, provided in-migration for land

development in the catchment is controlled.

~ The exact elevation of the Dak Piao community and its associated hamiété as ii'eil as traditional
lands use(l by the mmomy groups (Mnong) and the project effect on this community require
spec:al allcnuon (mc!udmg anthropological survey) at an enrly stage so thata comprehcnswc
| Resettlement or Indigenous People Action Plan (_:an be prepared to comply with any multilateral
‘lending agency’s requirenient, |



9.1.4 Cost Estimate and Iconomic Evaluation

Work quantity of major structures is estimated on the basis of the basic design prepared. The
unit prices of each work item are established with reference to the price data available from
recent project, Ham Thuan-Da Mi hydropower project, by assuming that the project wiil be
implemented under an international competitive bidding basis and that the cost estimate is made

‘at the price level of December 1995.

Direct cost consists of preparatory works, civil works, hydraulic equipment, metal works,
electro-mechanical eqmpment and transmission line. On the other hand, indirect cost comprises
compensation cost, administration cost, engineering services and contingency.

The breakdown of the total project cost so estimated is shown in Tables 9.2 and 9.3.

To confirm the econoniic viabilily.of the project, economic evaluation is made by the presént
worth metiiod as well as the economic inteinal rate of return (EIRR) method based on an
assumption that the least cost altermative for the combined development of Dong Nai No. 3and
No. 4 is'a combined cycle power plant with a capacily of 450 MW. o

: T'ible 9 4 shows a cash flow for the eConoIic evaiuauon

' 'As seen in Table, a net benefit of USS 81, 8 mitlion and an EIRR of 11.41 % are gamed
" Thus, it is confirmed that the combined developmenl of Dong Nai No. 3 :md No 4 .is
‘ ccononucaliy viable. '

it is to be noted that electric power supply system in these days is rc.quned o mamtam hlgh

» quahly in vollage and frequency control due to récent increase in utnllzmg electronic computers

and relevant :,qmpmem fi this comext some of phnts to be developed in future shall have a

' [unchon of frequency controt to mamtam the hlgh elcctrlc quality.’ Takmg advantage of lhe' :

characteristics of hydropower plant which can easily correspond without time delay to electric
power demand varying time to time as well as sizable peﬁk power autput, the combined

" development of Dong Nai No and No. 4 is recommended to mstall an auto- frequcncy
' conlrol system, when devcloped



9.2  Fu Micng Multipurpose Project

9.2.1 Project Layout and Preliminary Basic Design

The project layout and the design of Fu Mieng multipurpose project are reviewed based on the
‘cross section survey carried out during Phase 11 ficld work. The principal features are
summarized in Table 9.1.

The Tail Water Level (FWL) of the project 'was'inil'ially assumed at El. 40 m using the
topographical map with a scale of 1/50,000, however, it is raised by 5 m to EL 45 m based on
the cross section survey results. The power output is thus revised accordihgly, and the .
installed capacity is adjusted at 55 MW.

The diversion channel from the Fu Mieng to the Ton Le Tru River which flows into the Daun
Tieng reservoir has the maximum flow capacity of 60 m¥scc based on the result of the optimal
waler allocation sludy discussed in Appendix X. It is envisaged {hat some river improvement
works may be required for approximately 10 ki long river section immediately downstream of
- the 7 km diversion channel to receive the diverted water without causing artificial flooding. In
this respect, the flow capac;ty of the Ton Le Tru River should be further studied with detalled
topographical survey and nwcsugauon in the coming feasibility study stage.

tSLissetat EL 77 m with an active storage of 462 million m3 to secure the diversiori flowto

the Dau 'llcng reservoir as well as the flow for the power generation and the lmgallon
* development of Phuoc Hoa project accordmg to lhc optimal water allocauon study. On the ‘.
~ other hand, n is informed that IWL of Cm Don is being ploposed lo be vmablc around
EL 77 m or less in the feaSiblhty study presemiy bemg carried out by lhe Vletnamese”-

' Govemmcm “This :my cause a possnble conﬂtct between the two pro;ects Therefore it is © -

: n_,commended to clarify and adjust the design during the feasibility study stage of the two
projects.

" The basic layout and design prcp'lrcd based on the cross section survey results and the above
conmderanous are shown in Flgllre 9.3, and the bréakdown of the total project cost estimated
based on the des;gu 50 pn.pared is summar ized in Tablc 9.5.

9.2.2° Site Gcologjr

Tlie damsite is located in the gemle hill, and basement rocks distributed at the damisite consist of
‘mainly fissile shale and sandstone of Ban Don Formation in the Mesozoic-Jurassic. Small
ouitcrops are recognized on the brink of the present river course sporadically at and around the
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place 500 m upstream of the damsite. The bedding planes striking N30-E and dipping nearly
vertical are in a direction of right angles to the river course. Basaltic rocks of the Néogene-
Quaternary cover the top of both banks higher than El1 80 m. No fault characterized by
fractured zone can be found around the damsite.

From the viewpoint of cngineering geology, the foundation condition at the proposed damsite
is not strong enough for a concrete gravity dam because of existence of the alluviumn and
colluvium unconsolidated deposits and extensively weathered layers thicker than 20 m. Fresh
rocks are considered impermeable compared with the weathered layers with open cracks. ltis

evaluated that possibility of the leakage from the reservoir flowing out through the basaltic

rocks is small because the distribution boundary between basaltic layet and the basement rocks
is higher than ESL of EL 77 m, charding construction materials, no proper rock material
and concrete aggregates can be found near the damsite, so earthfill dam is adequate for the
damsite. Colluvial deposits and weathered layers of both sedimentary rocks and basaltic rocks
are available from the nearby area of the damsite for embankment materials of earthfill dan.

* For further detailed assessment, reference 'is. made to Appendix I1 (Topography and Geology).

9.2.3 Initial Environmental Examination

Prb;'cct Area

‘ The entire reservoir area aml much of its surrounds were zones of intensive f“ ghlmg in the-

1968 to 1975 pcnod with most of the villagesthamlets bemg destroycd and of extcnswe areas -

' subjected to defohanon spraymg and destruction of phntahons and native tonsls by bumlng ;
'ﬁ No major vnllagbs ha\m been re- asnbllshed in the veservoir area, but land Clé‘%l‘!llg and
+ cultivation for rice p'iddy, upland crops and cashew have bcen ongomg since the ear ly 1980’'s.

It is estimated that some 500 to 550 families now reside in scattered locat:ons lhroughout the
proposed reservoir area or close to the diversion channel alignment.

Most of the resnduai land in the reservoir area not SllbjECl to recent re- occupation or vsed for |
upland crops on a seasonal basis is covered with scrub bamboo regrowth. Only scaltered

“pockets of riverine forest remain along the main Be Rwer and tributary slreams

As with the pro_;ecl area, much of the region in Bmh Long and Phuoc Long distrlcts was

subjected to destruction during the 2nd Indochina War. Presently, redevelopment of upland -

rubber plantations is being undertaken by district (State) enterprises, and private farm
development is proceeding slowly with controls on irrigation and fand atlecation still in place
by authorities due to security requirements.



Subsistence (i.e. rice and maze) and cash crops (c.g. cashews) are most practical at this time

due to constraints of land capabilities, farm access and distance to market. Due to the
subsistence level of living in the arca, use of residual forest and wildlife resources occurs
cxlensively, including use by persons employed in State enterprise rubber plantations.

]

Aquatic Ecology Aspects

Water qﬁality problem_s are unlikely to occur in Fu Mieng reservoir and its diverted waters due
to the limited biomass of natural vegetation in the area of impoundmént Also most of the areas
surrounding the reservoir margms are rubber p!antatlon or regrowlh forc,st lands. Further Jand
clearing in the immediale reservoir zone would i improve water quahty in the reservoir to some
extent, but the reservoir is located far enotigh downstream of Thac Mo that incoming flows
- would be re-aerated and diluted substantially.

An aquatic community simildr to Tri An, Thac Mo and Dau Tieng reservoirs should evolve at

Fu Mieng reservoir including its fisheries tesources: In fact, this reservoir could have a
baswally better aquatic ecology due to good waler quality because of limited decaymg
vegctauon ‘Nutrient inflows would be the critical factors, however due to the limited
“agricultural development poteutials (e.g. tree crops such as rubber or plantation forest and
limited population) thus trophic conditions are unlikely to occur. | '

Fisheries potentials in the reservoir should be good for development of both open water capture

fisheries and aquaculture with an average surface area of 50 to 60 km2. A preliminarily
ésliina’te_d y'ield of 125 to 150 tones per year from open water pflls 50 to 60 tones per ye.ér frbm
aquaculture activities should be pos'sible with limited management inputs.

1

Resettlement.-and Socioeconomic Aspects
. ;_12:"5

Potential ef] fc;:is refated to compensation, resettlement and socioeconamic activities include:

- The reservoir area has been severely degraded due to destruction of previous villages as well
as the natural vegetation and tree crops during the 1968 to 75 period.

- Peop}c have been movmg back into the *uea smcc the mid’ 198{)’3 eslabl:shmg a few

wlhgcs and culhva(mg upland rice and trec crops, mainty cashews and coffee, with sonie

. pepper vines.

- The standard of living is mainly a1 the subsistence leve! with limited development of access
road and other infrasiructure such as schools and health posts to date.
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