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Preface

The Mekong river is an extremely valuable natural resource. Its potential for 
irrigation, hydropower, navigation, fisheries and related development is more than 
adequate to raise significantly the standard of living of the people of the lower 
Mekong basin as well as that of many others in the riparian countries outside the 
river's catchment area. While an intensive use of this resource has only been initiated 
in a most preliminary fashion, the need to do so is evident considering that a large 
part of the basin’s population is still living close to subsistence level.

The Mekong Committee, since its establishment in 1957 and in its present interim 
status since 1978, is dedicated to the coordinated development of the basin’s 
resources, on the basis of reasonable and equitable sharing between the riparian 
states as stated in the Committee’s declaration of principles. To guide these efforts, 
an indicative plan for the resources of the basin was drawn up in 1970. The plan 
presented a framework for the development of water and related resources of the 
lower Mekong basin to meet the anticipated needs of the basin area up to the year 
2000.

The 1970 plan covered a period of three decades, but the first half of this period saw 
a number of important changes in the region. For this reason, the Interim Mekong 
Committee decided that a major updating of the plan was necessary. The present 
study is the result of that exercise, but at the same time it reflects a number of new 
elements in relation to the medium-term development of the basin’s resources.

The Interim Mekong Committee is keenly aware of the limitation of a sectoral plan 
for water resources development of the basin in the light of changing technological, 
economic, social and political circumstances which may have a sometimes profound 
influence on planning efforts. It is for this reason that this study, as its 1970 
predecessor, is presented as an indicative plan.

For the same reason, it is the Committee’s intention to revise and update this plan at 
regular intervals whenever new circumstances arise or information becomes 
available which would make an adjustment desirable. For this purpose, a review will 
be made at least annually, in conjunction with the consideration of the Committee’s 
work programme. Specifically, a significant revision would be required once the 
present interim status of the Committee comes to an end.

The present plan is the result of an intensive cooperative effort by many parties over 
most of the year 1987 and part of the year 1988. It heavily involved the national 
Mekong committees as well as various ministries and departments in the three 
member countries and the Committee’s Secretariat, through many consultations at 
various levels. The effort was assisted by a consortium of consultants led by the 
Netherlands Engineering Consultants (Nedeco) of the Netherlands with Electrowatt 
Engineering Services of Switzerland and Asian Engineering Consultants of 
Thailand, who undertook a wide range of supporting studies. The Mekong 
Secretariat has an extensive file of these and related studies.
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The Committee wishes to express its great appreciation for the close, active and 
dedicated cooperation received from all the participants in this complex effort. It also 
wishes to acknowledge with special gratitude the assistance from the United Nations 
Development Programme, which has supported this activity under its continuing 
programme of support for the Committee’s Development Action Programme.
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Executive summary

Scope

The lower basin of the Mekong river covers large areas of Kampuchea, the Lao 
PDR, Thailand and Viet Nam. The river is a huge, underused resource. It could, 
through irrigation, fisheries and hydropower feed and otherwise support not only 
the basin's population but also many who live outside its catchment area. No single 
country can develop the river properly on its own. Each country has its own 
powerful reasons for cooperating in the river’s development.

The Committee for Coordination of Investigations of the lower Mekong basin 
produced an indicative plan in 1970 for the basin’s development. The plan focused 
on hydropower production and irrigation in the short range (1971-1980) and the 
long range (1981-2000). There were also investigations and studies to allow for 
more definitive planning.

Political, economic, social and technological change has since swept the region. 
The short-range plan was largely carried through in the Lao PDR and Thailand, 
but in Kampuchea and Viet Nam, war and lack of money prevented much 
progress. The long-range plan, however, remains more or less as it stood in 1970. 
In the light of this we, the Mekong Secretariat, have commissioned a revision of 
the plan in order to put the basin’s development into today’s perspective. Entitled 
“Perspectives for Mekong development”, the report has four elements:

• a long-term perspective of the basin’s development potential;
• an investment plan covering 1988-2000;
• a concurrent programme of studies and investigations;
• proposals to put the Mekong Secretariat in a position to be able to guide and 

coordinate this work.

The immediate aim of the longer-term perspective of the basin’s development 
potential is to serve as a framework within which the shorter-term possibilities may 
be evaluated.

The investment plan covers 29 carefully selected projects, 26 of which are national 
in scope, the remaining three international. All involve either hydropower or 
irrigation development or both. All were identified in cooperation with the 
National Mekong Committees of the Lao PDR, Thailand and Viet Nam, and 
respond to those countries’ national priorities. Both the national and the 
international projects were selected for inclusion at the interim stage of the 
preparatory studies for this report. The national projects in particular have been 
selected not only on economic grounds but also according to other criteria such as 
food security and employment generation. The national projects have been 
scheduled into an investment plan, but the sociopolitical complexity and the lack of 
some crucial techno-economic data prevent the international projects from being 
so scheduled.
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The 1970 plan helped to underpin an estimated USS (1987) 1,600-2,000 million 
investment in basin development. It is hoped that this new perspective will be at 
least as successful as its predecessor in mobilizing resources for sustained progress.

The basin and its resources

The Mekong is the world’s twelfth longest river and its tenth greatest in terms of 
annual flow. Rising in Tibet, it has a total length of 4,200 km. The lower Mekong 
basin, in which mainstream length is 2,400 km, begins where the river becomes the 
border between the Lao PDR and Thailand. It covers 609,(MX) km2, about 77% of 
the Mekong’s total catchment area, including almost all of the Lao PDR and 
Kampuchea, large parts of Thailand, and the delta provinces and part of the 
central highlands in Viet Nam. In 1985, of the total population of the four 
countries; over one third, 46 million, lived in the basin, 14% in Kampuchea, 7% in 
Lao PDR, 42% in Thailand and 37% in Viet Nam.

The basin contains five distinct landform divisions, termed the northern highlands, 
the Korat plateau, the eastern highlands, the lowlands and the southern uplands.

Landforms of the lower Mekong basin

Rainfall Vegetation Provincial 
Population 
density

Chief 
economic 
activity

Potential Problems

Northern highlands Wet, 2,000-2,800 Grassland and 
mm/year hill evergreen

Low, 8-15/km2 Shifting 
agriculture

Very limited Erosion, forest 
destruction

Korat plateau Relatively dry, 
1,000-1,600 
mm/year

Scrub and 
grassland, 
arable land

Moderate, 
80- 160/km2

Irrigated 
and rainfed 
agriculture

Further 
agricultural 
development, 
diversification

Limited water 
resources, 
intermittent 
floods and 
drought, 
salinization, 
rather low 
fertility

Eastern highlands Wet, 2,000-3,200 Upland savanna 
mm/year rainforest

, Low, 6-33/km2 Shifting 
agriculture

Limited Soil erosion, 
soil degradation, 
forest destruction

Lowlands Variable, 
l,l(X)-2,400 
mm/year

Arable land Moderate to 
dense, variable, 
10-570/km2

Rice farming Irrigation, 
better water 
management, 
diversification

Flooding, 
waterlogging, 
acid-sulphate 
soils, salinity 
intrusion, 
drought

Southern uplands Very wet, up to 
4,000 mm/year

Dense forest Very low, 
less than 4/km2

Undeveloped, 
some shifting 
agriculture

Limited 
forestry 
potential, 
natural reserve

Vulnerable 
environment
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The basin’s water resources are ample. Total mean annual flow into the sea, for 
example, is estimated at over 475,000 million cubic metres, or nearly 800 mm 
depth over the entire basin. Distribution over space and time, though, is uneven: 
for instance Northeastern Thailand has plentiful land but limited water resources, 
while the Lao PDR has ample water but not enough cultivable land.

The lower Mekong’s hydrological regime is largely independent of conditions 
further upriver. Instead it reflects the alternating dry and wet seasons of the 
region’s monsoon climate. The river begins to rise in May each year, peaking in 
August or September towards the end of the southwest monsoon, and then it falls 
rapidly away as the dry northeasterly winds set in. At Kratie, just before the river 
enters the delta, average low flow is about 1,750 m3/s. Flood flows, in contrast, 
average 52,000 m3/s, while average flows are 14,000 m3/s. The Mekong’s seasonal 
flood is largely fed from its left bank tributaries in Lao PDR and Viet Nam.

The Great Lake in Kampuchea has a natural regulating effect on flooding by the 
Mekong in the delta, as the Tonle Sap reverses flow when the Mekong is in flood. 
Nevertheless, of the 3.9 million ha which are in Viet Nam, 1.2-1.4 million ha are 
flooded each year. The floods can last for 2-6 months, with water depths near the 
Vietnamese-Kampuchean border of up to 4.5 m. An additional 1.0-1.2 million ha 
of the Vietnamese delta is subject to waterlogging.

Conversely, the dry season in the delta is also pronounced. It lasts from December 
to April, when much land suffers from salinity intrusion: 1.7-2.1 million ha are 
affected for 1-8 months. Other areas suffer from acidic water at the beginning of 
each rainy season. The acid originates in the Delta's widespread acid-sulphate 
soils. In Viet Nam alone, roughly 1.0 million ha are affected annually.

The basin's forests have almost all undergone periodic clearing due to shifting 
agriculture over many generations. By 1985 only 27% was still under forest. 
Between 1970 and 1985, some 13 million ha (21% of the basin's area) was cleared, 
mainly through encroachment, shifting cultivation, and development. Increased 
erosion and sedimentation have been observed.

Some 13.5 million ha in the basin are currently cultivated. Across all four 
countries, about 8.5 million ha are planted annually to paddy, but in only about 
one-sixth of this area is the water regime controlled. In Northeastern Thailand 
there is scope for increase of production through irrigation, flood control and 
drainage. The area is suffering from the lack of water, both in the dry season and 
during dry spells in the wet season, and from annual flooding which causes 
considerable loss of paddy production. In the other countries there is scope for 
expansion of the area under the plough, but such areas in the Vietnamese delta 
currently suffer from actual or potential acid- sulphate soils, saline intrusion, and 
waterlogging.

The basin's fisheries have great economic and dietary importance. Fish provide the 
area’s primary source of animal protein. Basin-wide estimates in 1973 put the 
annual catch at 450,000-500,000 t. The Great Lake freshwater fisheries and the 
delta’s brackish and estuarine fisheries are by far the most productive.
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The basin’s potentials and needs

The growth of demand for electric power and rice and the need for water will 
dominate the scope and pace of basin development. Other influential factors are 
fisheries and aquaculture potential, inland navigation, and timber and fuel wood 
needs (forest management).

Total power demand in all three countries in 1986 was estimated at 4,900 MW peak 
power and 25,200 GWh/year energy. Markets for the basin’s energy are, in 
descending order, Thailand (88%, of which inside the basin 12%), Viet Nam 
(southern and central regions only, 11%) and the Lao PDR (1%). Total energy 
demand is expected to grow by 35,000 GWh by 2000 and by a further 42,000 G Wh 
by 2010. Nothing is known about the Kampuchean market for power except that it 
is small.

The basin’s technical hydropower potential is 37,000 MW and 150,000-180,000 
GWh/year, of which, significantly, 33% is in Kampuchea and 51% in the Lao 
PDR. Thus the countries with substantial power markets (Thailand, and to some 
extent Viet Nam) have only limited potential, whereas Kampuchea and the Lao 
PDR, both with small power markets, possess much untapped wealth. In 
aggregate, the basin’s hydropower potential far exceeds projected demand over 
the coming decades.

Rice, with its inherent demand for water and water control, is the other critical 
development factor. Here too, the perspectives of the four countries are different: 
the Lao PDR is edging towards self-sufficiency; Viet Nam has a 10-20% deficit 
(1.5-3.0 million t); and Thailand, though it is one of the world’s largest rice 
exporters, needs to bring the standard of living of its northeastern region into line 
with that of the rest of the country, implying increased water control for 
agricultural production. Again, little is known of the situation in Kampuchea.

Meeting these demands means different things in the three countries. In the Lao 
PDR, only a few irrigation projects have been identified; more will be needed. The 
claim on water, however, will be small and will be satisfied mainly by pumping or 
diversion. In Northeastern Thailand, water is the most important physical 
constraint. Plans for some 140,000 ha of large-scale tributary-fed irrigation 
development are in various stages of preparation. Thailand is expected anyway to 
be able to maintain a healthy export surplus because of only modest increases in 
domestic demand and a “natural” rate of increase in paddy production of about 
1 % per year. Nevertheless there is an urgent need to bring in water from the 
Mekong to meet the northeastern region’s ever-increasing requirements for water 
for irrigation, both during the dry season and during dry spells in the wet season, 
and for domestic supply. Viet Nam has set its sights firmly on self- sufficiency in 
rice through development in the delta, which may ultimately demand 2,000-3,000 
m3/s of fresh water during the dry, low-flow season — to manage potential acid- 
sulphate soils, to flush out acidic water, to counter saline intrusion and to irrigate 
the crops. Kampuchea's freshwater requirements are not known at present but are 
definitely less than those of Viet Nam.

The freshwater demand could be met in several ways, either alone or in 
combination. First, saline intrusion could be reduced through engineering 
measures in the delta itself which would “free” fresh water for irrigation. Second, 
large storage reservoirs on the Mekong mainstream could provide up to 3,500- 
4,500 m3/s. Third, a barrage on the Tonle Sap could provide an additional 2,500- 
2,700 m3/s by modifying the natural storage regime of the Great Lake.



XV
To sum up, while the Mekong represents a vast resource for all four countries, its 
importance varies from country to country. Its main usefulness to the Lao PDR as 
a whole is to use hydropower to meet national priorities in agriculture, forest 
production and agro-industry. For Thailand it is of vital importance to secure water 
supply for irrigation and domestic use for its Northeastern region to bring the 
standard of living of this region more in line with that of the rest of the country, 
while the country would also stand to gain from hydropower. At the same time in 
Viet Nam, the main goal of harnessing the Mekong would be to increase the river 
flows during the dry season to permit full agricultural development of the delta.

Long-term perspective: harnessing the Mekong

It is clear that there is indeed a will to harness the Mekong. The 1970 plan 
proposed a “cascade” of seven major dams, which could have stored 136,000 
million m3 and generated power to the tune of 23,300 MW. Within this scheme Pa 
Mong (with reservoir at 250 m elevation and net storage of 77,000 million m3) and 
Stung Treng (net storage of 46,500 million m3) were the key developments. Pa 
Mong would have led off.

It has since become clear that the Pa Mong scheme as proposed is no longer 
tenable because of the need to resettle upwards of 250,000 people. An alternative 
is to build Pa Mong in two steps, with a much lower Pa Mong dam (Low Pa Mong) 
and a second dam upstream at Chiang Khan. The Low Pa Mong reservoir would 
have a full supply level between 205 m and 220 m elevation, while that for Upper 
Chiang Khan would be at about 250 m. Low Pa Mong could still lead off the full 
development of the cascade. However, it has only been evaluated to prefeasibility 
level and the need for a feasibility study is urgent. So far though, its technical and 
economic feasibility appear beyond doubt.

The cascade now conceived is less powerful than the cascade of 1970: for instance 
it provides less river regulation than its predecessor due to reduced net storage 
(76,860 million m3 instead of 112,740 million m3); with a virtually identical 
installed capacity, it produces 8% less energy; and it results in 1,400 m3/s less mean 
January-May “low flow”. The new cascade can nevertheless satisfy a large portion 
of the basin’s total power needs while allowing for major development in the 
riparian countries. It reduces resettlement requirements by about 200,000 people. 
Full cascade development, however, would be a very long process. Under present 
conditions the cascade now conceived would not be completed before the second 
half of the twenty-first century.

The basin’s international potential

Seven proposed projects of international consequence have been reviewed: four 
are in the Mekong’s mainstream, three in major tributaries. Three were selected 
for closer analysis: Low Pa Mong, on the mainstream, and Nam Theun 2 and Nam 
Ngum 2 on major tributaries.
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International projects: salient features

Feature Unit Pa Mong 210 Nam Theun 2 Nam Ngum 2

Average net head m 44 352 134
Mean annual inflow 106W3 135,600 6,500 6,938
Reservoir net storage 106m3 7,310 4,000 3,400
Installed capacity MW 2,250 600 400
Energy output GWh 10,660 4,650 2,180
Resettlement people 40,000 2,000 1,000
Total investment US$ 106 2,066 615 525
Economic costs of energy USc/kWh 2.5 1.7 3.1
Economic internal rate of return1 % 18.4 38.3 20.5
Economic internal rate of return2 % 18.4 16.9 7.6

2Assigning full credit to capacity in respect of power exported. 
2Assigning no credit to capacity in respect of power exported.

Pa Mong 210, Nam Theun 2 and Nam Ngum 2 are projects of international 
dimensions. Pa Mong 210 is international as a result essentially of its being located 
on the Lao-Thai border, with an influence that extends downstream. Nam Theun 2 
and Nam Ngum 2 have international significance largely due to the fact that the 
bulk of their power output would have to be marketed outside the Lao domestic 
system. Nam Theun 2, in addition, would have downstream effects, particularly 
with respect to the river flows during the dry season.

At this stage, it is hard if not impossible to estimate to what extent power systems 
that would import power will acknowledge and absorb the imported power, hence 
to what extent savings on alternative generation capacity would materialize. This 
report, therefore, rather than guessing at the outcomes of complex technical and 
political processes of decision making, has chosen to explore the economics of the 
projects concerned for two extreme possibilities in this respect. In the first case, 
full credit for capacity is given for ail the firm power a project would generate, 
irrespective of its ultimate destination. In the second case, credit for capacity given 
only for the firm output absorbed in the domestic grid of the country of origin of 
the output, which is a very minor portion of the total capacity.

The implication of this valuation procedure for Nam Theun 2 and Nam Ngum 2 is 
that the (firm) power to be exported is given, alternatively, full or no credit for 
capacity. With respect to Pa Mong, the situation is different. Pa Mong is a 
mainstream/border project, not a project in the interior of another country than 
the one which is supposed to absorb a large part of the power generated. Pa Mong 
210 has therefore been taken not to be subjected to a possible condition of no 
credit for capacity for (part of) its potential firm power output: the firm power 
output is consistently credited for savings on alternative generation capacity.

The table shows that Low Pa Mong and Nam Theun 2 are economically attractive 
projects, Nam Ngum 2 rather less so. The table also indicates that the economics of 
Nam Theun 2 are highly sensitive to the extent capacity credit is granted for the 
power it would have to export. Both Nam Ngum 2 and Nam Theun 2 are tributary 
projects. It must be considered improbable that both would feature in the next 
round of decision making on the mobilization of the basin's land and water 
resources. On economic grounds, this report has therefore excluded Nam Ngum 2 
from further consideration.
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National projects

The 26 national projects in the investment plan consist of 5 power and 21 irrigation 
projects. There are two power projects each in Thailand and Viet Nam and one in 
the Lao PDR. The Thai power projects include irrigation components. Of the 
irrigation projects, four are in the Lao PDR, five in Thailand and twelve in 
Viet Nam.

National projects: key parameters

Unit Lao PDR Thailand1 Viet Nam Total

Power projects
Generation capacity MW 536 504 1,040
Energy production GWh/year _ 2 492 2,850 3,342
Total investment 1987 US$ 106 8.3 245.8 547.4 801.5

Irrigation projects

Total area ha 19,800 100,000 300,000 419,800
Incremental paddy production t/year 53,000 247,000 1,450,000 1,750,000
Direct employment labour places 7,300 46,000 260,000 313,300
Total investment 1987 US$ 106 32.4 244.7 413.9 691.0

1Including investments in the period 2001-2005 (US$ 171.6 million), 
2transmission line.

The five power projects are: (1) a 115-kV transmission line in the Lao PDR from 
the existing Nam Ngum power plant to Luang Prabang; (2) a 400-MW pumped 
storage plant at Nam Chern, Thailand; (3) a 136-MW hydropower plant at Pak 
Mun, Thailand; (4) and (5) a staged development of hydropower plants of 24-MW 
and 480-MW respectively at Yali Falls, in the central highlands of Viet Nam.

All five projects are economically attractive with internal rates of return ranging 
between 15% and 46%. The transmission line, Pak Mun and the small Yali Falls 
project could be started as soon as additional investigations and final design are 
completed. Since Nam Chern’s output (exclusively peak power) is too large to be 
accommodated into the Thai grid at present, the project would have to come on 
line some time early next century. The small Yali Falls scheme would be built 
before the large one if it were to be built at all. Required investments have been 
estimated at:

1987 US$ million

115-kV transmission line
Nam Chern, power project only
Pak Mun, power project only
Yali Falls Small
Yali Falls Large

8.3 
128.8 
117.0
54.4 

493.0
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The four irrigation projects in the Lao PDR are:

• Nam Ngum pump irrigation project
• small-scale irrigation in northern Lao PDR, a ten-year programme of 

improvements to existing irrigation infrastructure
• small pump irrigation, a ten-year programme of small pump irrigation projects 

along the Mekong and major tributaries
• Nam Cheng irrigation project.

All four projects appear to be technically feasible and the first three are attractive 
economically. Nam Cheng's economic internal rate of return is estimated at just 
under 6%. Taken together and at full development the four projects would 
develop approximately 19,800 ha of land to produce an extra 53,0001 paddy 
annually, thus generating employment for 7,300 people. The projects would cost 
US$ 32.4 million. All require additional preparatory work, but except for Nam 
Cheng, implementation could begin in 1988 and 1989, once funding is assured.

According to food balance studies, the 53,000 t rice mentioned above is far less 
than the country needs over the next decade. To meet increasing demand, we 
therefore recommend two nationwide studies aimed at (1) identifying more 
projects, and (2) improving productivity in existing irrigation projects, mainly in 
central Lao PDR. Production even then may not keep up with demand and the 
Lao PDR may have to make additional efforts to identify, prepare and implement 
new irrigation projects, or resort to imports of rice.

The five irrigation projects in Northeastern Thailand are:

• Nam Songkhram
• Nam Suai Stage I
• Upper Chi
• Nam Suai Stage II 
• Nam Loei.

There are in addition the irrigation components of the Nam Chern and Pak Mun 
power schemes. Studies on the above five projects reveal that the economic returns 
are not very attractive. This is due to forecast low rice prices and the fact that for 
Thailand, as a rice exporter, the prices are based on export parity which differs 
from the other two riparian countries where import parity has been applied.
Nevertheless, the economics of the projects may improve considerably, if a greater 
proportion of upland crops is introduced. Moreover, under the “Green E-Sarn 
Scheme" and for sociopolitical reasons, irrigation in Northeastern Thailand is 
likely to be acceptable at somewhat lower economic returns than elsewhere in the 
country.

Taken together and at full development, the above five plus the two multipurpose 
projects would develop about 1 00,0(X) ha of land to produce 247,000 paddy 
annually, and creating 46,(MX) direct employment places. Investment would be US$ 
244.7 million. All projects still require considerable preparatory work, and the 
multipurpose projects are heavily dependent on their hydropower components. It 
is tentatively estimated that the construction of Pak Mun, Upper Chi and Nam 
Suai I could start from 1990, with the other projects starting 4-10 years later.
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There are twelve irrigation/water control projects in Viet Nam:

• Nam Xa Canal
• Khen Than Nong (including Phu Tan as its first phase)
• Giong Rieng — Go Quao
• Tan Thanh
• Giong Trom — Ba Tri
• Cai San — Thotnot
• Go Cong
• Sau Dong
• Tiep Nhut
• Huong My
• Bac Hong Ngu
• Cai San.

The projects would improve agriculture in a variety of ways, but chiefly by 
providing one or more of the following:

• low-level flood protection, to permit double cropping
• protection against saline intrusion
• acidity control
• supply of fresh water for irrigation.

Almost all the projects score well economically, with internal rates of return above 
20%. Only Tiep Nhut (10.3%), Cai San-Thotnot (13.4%) and Go Cong (16.6%) 
score lower. The high returns are due to one or more of the following factors: an 
import-parity price for rice, a weak “without the project” case, and considerable 
sunk cost by way of existing infrastructure.

Taken together and at full development, the projects would develop about 
300,000 ha to produce 1,450,0001 paddy annually and creating 260,000 labour 
places. Investment would be USS 413.9 million. However, all the projects require 
technical assistance to bring their formulation up to levels acceptable for 
international funding. It is estimated that, provided funding can be arranged, Tiep 
Nhut, Huong My and Khen Than Nong could start in 1988, with all the other 
projects starting from 1990. However, impressive as 1,450,0001 paddy might be, it 
still does not cover Viet Nam's rice deficit. Much greater and more rapid 
development of the delta will be needed to reduce or erase this.

Programme of studies and investigations

Very few of the projects included in the investment plan are sufficiently mature to 
proceed directly to implementation. Studies and investigations are still required for 
most of them and final design for all. These project-related studies and 
investigations are the first component of the programme. The programme, also 
contains proposals for country and basin-wide studies and investigations. The 
country-specific studies are aimed at probing some urgent country-bound problems 
and at pinpointing effective countermeasures. The basin-wide studies would 
examine the basin's intricate internal relationships and the potential courses of 
development. They would permit subsequent preparation of a more 
comprehensive basin plan than is possible today.
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The project-related studies and investigations are required to bring the projects in 
the investment plan to implementation level. Investigations, study and final design 
will take up to 4 years for some of the projects, depending on complexity and the 
degree of earlier preparation. The first studies could start in 1988; the last would 
be completed in the late 1990s. Total budget requirements are estimated at US$ 
40.5 million, of which US$ 14.4 million would be spent on Low Pa Mong and Nam 
Theun 2, US$ 3.7 million, US$ 15.8 million and US$ 6.6 million would be spent on 
national projects in the Lao PDR, Thailand and Viet Nam respectively.

The country studies and investigations would focus on:

• an agricultural potential study for the northern region of the Lao PDR
• a study and technical assistance aimed at increasing productivity in existing Lao 

irrigation projects
• a study for Northeastern Thailand, to formulate a development programme for 

rainfed agriculture
• a study on watershed management for Northeastern Thailand
• a study on soil conservation in Northeastern Thailand
• technical assistance to Viet Nam, to bring proposals for projects in the delta to a 

high enough level to solicit donor support
• a delta fisheries sector study
• a delta navigation sector study

These studies would span 1989-1993; total budget requirements are US$ 4.0 
million.

A considerable body of basin-wide data has already been built up, yet some of the 
critical interrelationships between as well as within potential courses of action are 
still unclear. A single study to cover every important outstanding issue would 
perhaps not be appropriate: what is needed is a more manageable ‘hierarchy” of 
studies. Each element in the hierarchy would be formulated as a separate activity 
but would be designed to complement the other elements. The ultimate objective 
is to prepare for decision making on the basin’s larger issues some time in the mid
nineties.

The hierarchy’s lowest tier contains (1) the feasibility studies on Low Pa Mong and 
Nam Theun 2, (2) a study on the impact of upstream mainstream storage on 
fisheries and soil fertility downstream, (3) a study on agricultural diversification, 
and (4) a sediment and erosion study.

The Pa Mong and Nam Theun 2 feasibility studies would screen the technical and 
economic feasibility of a range of project configurations. The Low Pa Mong study 
would include an assessment of the Upper Chiang Khan potential in relation to 
various full supply levels for Low Pa Mong. Both feasibility studies would be truly 
multipurpose and include consideration of downstream effects.

The sediment and erosion study would assess future erosion and sedimentation 
parameters in relation to the design and life of the Mekong Cascade and other 
large storage projects.

A study of the potential impact of upstream mainstream storage on fisheries and 
soil fertility downstream would provide an insight into the consequences of 
mainstream development and would indicate measures to be taken to mitigate or 
compensate negative consequences and their associated costs.
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Lastly, and particularly in view of the limited scope for rice projects in 
Northeastern Thailand, an agricultural diversification study would explore courses 
of agricultural development other than the traditional concept of irrigating for a 
double rice crop. As farm practices change they will probably affect future water 
resources development, so this study would also feed back into the land and water 
resources master plan.

The hierarchy’s middle tier comprises (1) a dam and reservoir configuration study; 
(2) a land and water resources master plan for Northeastern Thailand; (3) a delta 
master plan study for Viet Nam; and (4) organizational and legal studies.

The first study would produce scheduled, optimal (multicriteria-based) river 
regulation configurations upstream of the delta. It would naturally consider all or 
most of the cascade, but it would also investigate the Tonle Sap barrage and the 
possible effects of some of the large-storage tributary projects. The study would 
draw upon and synthesize the information gathered in the lowest tier of studies and 
would thus present the supply side of the Mekong’s water balance.

The delta master plan study would establish a framework for integrated 
agricultural development in the delta. An important aspect of the study would be 
the demand forecast for fresh water in the Vietnamese delta, i.e. part of the 
demand side of the Mekong’s water balance.

The land and water resources master plan for Northeastern Thailand would 
provide information as to the extent to which the drought-stricken and flood- 
ridden areas in this part of Thailand could make use of the resources potentially 
available, and the time frame related to such development. The study would also 
indicate and quantify the demand for mainstream water and the consequences of 
upstream resources development on mainstream and delta development.

Organizational and legal studies, finally, would then serve to link the supply and 
demand sides by allocating the river’s water resources, as well as costs and 
benefits, among countries and investigating feasible organizational models and 
agreements. They are of course necessary because of the complex international 
dimensions of the river’s development.

The top tier in the hierarchy contains the integrative study, which would collate 
and synthesize the intelligence gathered in the two lower tiers. The study would be 
strongly analytical rather than aimed at producing a “plan" and would support 
decision making on the basin’s development within the context of different, yet 
shared, interests among the riparian countries. It would aim to formulate and 
analyse a number of possible basin-wide development scenarios. The hierarchy of 
studies, if begun in late 1988/early 1989, could be completed in 1995. Total budget 
requirements for basin-wide studies are estimated at US$ 12.7 million, excluding 
the Low Pa Mong and Nam Theun 2 feasibility studies.

The study programme’s total budget requirement would be US$ 57.2 million, of 
which USS 12.7 million for basin-wide studies (excluding Low Pa Mong and Nam 
Theun 2), US$ 4.0 million for country studies, and US$ 40.5 million for project
specific studies.
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Institutional strengthening

The agencies most critically involved in bringing the investment plan and action 
programme to fruition are the National Mekong Committees and the Mekong 
Secretariat. Whatever the precise role to be played by these agencies, their work 
load is bound to increase sharply in the coming years.

It is evident that the National Mekong Committees need strengthening (a) to take 
an increasing role in carrying out the work within their own countries and (b) to 
strengthen the cooperation with the Secretariat. However, it is hard to assess at 
this stage of what nature and magnitude this should be. It is therefore advisable 
that an in-depth study be undertaken to review all operational procedures linking 
the National Mekong Committees and the Mekong Secretariat to one another and 
to actual development. The study would formulate proposals for the future and 
assess staffing and logistic requirements.

For the Mekong Secretariat the following additional operations are likely to 
become important:

• formulation of terms of reference for a large range of studies
• screening incoming consultants’ proposals
• critical monitoring of consultants’ studies
• project portfolio management, including annual “rolling over” of the 

investment plan
• regular evaluation of progress and reformulation of the long-term plan.

Apart from these additional tasks, reinforcement within the Secretariat is required 
even now in monitoring and evaluation, planning and economics, civil engineering 
and water resources planning, agronomy, and environmental planning and 
management.

The consequences of the above are that the Secretariat would have to have among 
its staff through replacement or new recruitment:

• a planning economist, at the level of the existing post called “senior adviser in 
river basin development”

• an agricultural economist and an engineer in a proposed monitoring and 
evaluation unit

• a senior project economist in a proposed project portfolio management unit 
• an agricultural economist and a civil engineer/water resources planner in a 

proposed project preparation unit
• a second senior agronomist in the existing Agriculture, Watershed Management 

and Fisheries Unit
• an environmental data base manager in the existing Environment Unit.

The additional annual budget needs are estimated at USS 300,000-600,000, 
depending on origin of recruitment and the degree to which replacement may be 
possible. Hence, approximately USS 6 million for 1988-2000. A further total 
budget for the plan period of the order of USS 500,000 is proposed to cater for the 
preparation of terms of reference for the more complicated studies.
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Investment plan and total funding requirements

The complex international dimensions of Low Pa Mong and Nam Theun 2 make it 
impossible at this stage to schedule construction costs. Low Pa Mong would take 
11 years to build at an estimated total investment of 1987 USS 2,066 million; Nam 
Theun 2 five years at USS 615 million.

The consolidated financial consequences of the proposals herein are shown in the 
table. Included under “Other Secretariat activities” is an allowance for Secretariat 
activities not included in this plan. These include fisheries, navigation and 
environment programmes and projects, the collection and validation of 
hydrological data, flood and low flow forecasting, and other research or project- 
related activities. These activities are estimated to require US$ 5.0-6.0 million 
annually, hence approximately US$ 75 million for 1988-2000.

Consolidated financial budget of the plan, 1988-2000 (1987 US$ million)

Lao PDR Thailand Viet Nam Basin-wide Total

Investment, national projects' 40.7 318.9 961.3 n.a. 1.320.9

Investment, international projects2 n.a. n.a. n.a. 2,681.0 2.681.0

Project-related studies and 
investigations
(a) National projects 3.7 15.8 6.6 n.a. 26.1
(b) International projects n.a. n.a. n.a. 14.43 14.4

Country studies and investigations 1.1 1.0 1.9 n.a. 4.0
Hierarchy of basin-wide studies
(a) Basic studies n.a. n.a. n.a. 1.1 1.1
(b) Second-tier studies n.a. n.a. n.a. 10.4 10.4
(c) Integrative study n.a. n.a. n.a. 1.2 1.2
Reinforcement of Mekong Secretariat
(a) Staff (total 1988-2000) n.a. n.a. n.a. 6.0 6.0
(b) Various funds4 n.a. n.a. n.a. 0.5 0.5
Other Secretariat activities n.a. n.a. n.a. 75.0 75.0

Total (excluding investment in
international projects) 45.5 335.7 969.8 108.6 1,459.6

Total (including investment in
international projects) 45.5 335.7 969.8 2.789.6 4.140.6

n.a.: not applicable
'Investment is restricted to period 1988-2000.
2Low Pa Mong and Nam Theun 2: investment is not restricted to period 1988-2000.
3Low Pa Mong and Nam Theun 2. including design.
4Exdudmg funds for mathematical models.
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Part I

Setting the scene
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Background

A. Scope, nature and approach

1 .01 In 1970, the Committee for the Coordination of Investigations of the Lower 
Mekong Basin (ref. 4.4, the Mekong Committee) completed their “Report 

on Indicative Basin Plan” (Appendix 1), which was proposed as a “framework for 
the development of water and related resources of the Lower Mekong Basin . 
Since then, there have been many changes in the political, economic, social and 
technical reality of the basin. This report is a revision of that plan in the light of 
these developments and a programme of action for the period to year 2000 and 
beyond.

1 .02 The report has a dual objective. On the one hand, it establishes an 
investment programme for the period up to the year 2000 along with a 

concurrent programme of supporting studies and investigation. On the other hand 
it considers the long-term development of the Mekong’s waters, thereby focusing 
on large international projects which have long lead times and wide-ranging 
consequences for the Basin’s long-term future. Rather than being a blueprint for 
development, the report is an input into the continuing, complex process of 
decision making on the development of the basin. Three countries are covered: 
Lao PDR, Thailand, Viet Nam. Lack of data on Kampuchea has meant that it has 
had to be largely ignored in preparing this report. Revision may well be needed 
when this fourth member rejoins the Mekong Committee.

1 .03 In accordance with the recommendations of the member countries, the projects 
considered for possible inclusion in the programme of action numbered sixty, of 

which fourteen were found to be either under way or insufficiently formulated or 
documented to allow meaningful analysis. After “homogenization” of the available 
project information and its supplementation where necessary and possible, projects 
were appraised against the multiple national development objectives and scarce 
resources in the countries involved. Twenty-nine projects thus ultimately found their 
way into the programme of action. Table 1 presents data on the sixty projects, while 
Figure 1 shows their location.

B. Content and organization

1 .04 The report thus contains (1) an investment plan for the period 1988-2000 for 
the projects retained from the comparative analysis (Chapter 11), (2) a 

longer-term perspective in connection with the basin's potential international 
projects (Chapters 5-6), (3) proposals on the institutional aspects of the 
development of the basin (Chapter 10), and (4) recommendations on studies and 
investigations to sustain the implementation of the investment plan and the long
term development of the basin (Chapter 9). Items (1), (3) and (4) have budgetary 
consequences.
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Table 1. List of projects and subsectors examined in the study1

No. Project or Country (Sub)basin Primary2 Capacity Irrigation In/out, Inlout,
subsector purpose (MW) command analysis investment

area (ha) plan

1. Nam Man T Nam Heung P 26 2,5002 In Out
2. Nam San T Nam Heung P 58 6.5003 In Out
3. Lam Pra Plerng T Nam Mun P 0.85 — In Out
4. Nam Chern pumped storage T Nam Chi P 400 8,000 In In
5. Nam Chern multipurpose T Nam Chi P/M 32 n.a. Out Out

6. Pak Mun T Nam Mun P 136 7,160 In In
7. Huai Bang Sai T Huai Bang Sai P/M 4.4 6,620 Out Out
8. Nam Loei pump irrigation T Nam Loei I — 9,272 In In
9. Upper Chi T Nam Chi I — 16,200 In In
10. Lower Mun T Nam Mun I — 44,230 In Out

11. Nam Songkhram with dike T Nam Songkhram I — 42,568 In In
111. Nam Songkhram without dike T — I — 29,784 In Out
12. Nam Kam (lower) T Nam Kam I — 11,150 In Out
13. Nam Suai, Stage I T Huai Suai I/F — 12,556 In In
113. Nam Suai, Stage II T — I — 5,200 In In

14. Lam Dom Noi (on-farm) T Nam Mun I — — Out Out
15. NEA pump schemes subsector T — I — 4807 In Out
16. Small-scale irrigation subsector, 1 T — I — 1007 In Out
116. Small-scale irrigation subsector, 2 T — I — 1007 In Out
17. Medium-scale irrigation subsector, 1 T — I — 3007 In Out

117. Medium-scale irrigation subsector, 2 T — I — 7007 In Out
18. Lam Dom Noi fisheries T Nam Mun F — — In Out
19. Pa Mong 230 T,L Mainstream P 3,200 435,000 In Out
20. Low Pa Mong T,L Mainstream P 2,250 ___5 In In
21. Upper Chiang Khan T,L Mainstream P 1,500 ___5 In Out

22. High Luang Prabang L Mainstream P 2,750 ___5 In Out
23. Nam Theun 2 L Nam Theun P 600 — In In
24. Nam Ngum 2 L Nam Ngum P 400 — In In
25. Nam Ngum 3
26. Transmission line,

L Nam Ngum P 600 — In Out

Nam Ngum 1-Luang Prabang L — P — — In In
27. Nam Pakan L Nam Hinboun P 0.4 400 Out Out
28. Nam Mang 3 L Nam Mang P 20 2,500 Out Out
29. Nam Ngum pump irrigation
30. Vientiane pump irrigation without

L Nam Ngum I — 2,300 In In

flood protection benefits L Mainstream I/F — 9,535 In Out
130. Vientiane pump irrigation with

flood protection benefits L Mainstream I/F — 9,535 In Out
31. Small-scale irrigation, North L — I — 45 In In
32. Small pump irrigation L — I — 200 In In
33. Lak Si shipyard L Mainstream N — — Out Out
34. Cai San V Delta I — — In In
35. Yali Falls Large V Se San P 480 — In In

36. Yali Falls Small V Se San P 48 — In In
37. Tiep Nhut V Delta I — 43,000 In In
38. Phu Tan (North Vam Nao Island) V Delta I — 4,375 In In
39. Nam Xa canal V Delta I — 14,451 In In
40. Cai San - Thotnot V Delta I — 64,700 In In

43. Sau Dong V Delta I — 13,000 In In
44. Giong Rieng - Go Quao V Delta I — 44,400 In In
45. Bac Hong Ngu V Delta I — 23,300 In In
46. Tan Thanh V Delta I — 26,440 In In
47. Giong Trom - Ba Tri V Delta I — 16,900 In In



'Appraisal subject to data availability.
2p = power. I = irrigation. F = fisheries. N = navigation. M = multipurpose. F = flood protection.
3Dry season irrigation in existing projects.
4Not included in appraisal.
5Yet undefined irrigation potential.
6Analysed but insufficient data.
7Per typical project.

48. Sarai groundwater pilot scheme V Delta I — 100 In Out
49. Cage culture fisheries subsector V Delta F — — Out Out
50. Tank fish culture subsector V C. Highlands F — — Out Out
51. Delta navigation V Delta N — — Out Out
52. Sambor4 K Mainstream P 3.600 34,000 Out Out

58. Go Cong V Delta I — 28,053 In In
59. Huong My V Delta I — 9,900 In In
60. South Mang Thit V Delta I — 234,000 Out6 Out
61. Ken Than Nong (Phase I) V Delta I — 12,900 In In
62. Nam Cheng irrigation project L Nam Cheng I — 7.000 In In

1.05 This report consists of two elements: (1) the executive summary, and (2) the 
committee report. In the course of the preparatory study detailed terms of 

reference were formulated for the Mekong delta master plan, one of the elements of 
the studies and investigations discussed in Chapter 9. The executive summary conveys 
the main points at issue and has also been produced in modified form as a separate 
summary report. The present report consists of four parts.

• This part, Part I, Chapters 1-4, goes on to describe the lower Mekong Basin from a 
number of critical angles, including its historical development, the organizations 
and institutions involved, its physical features, its national economic and social 
features, and its sectoral demands and potentials.

• Part II, Chapters 5 and 6, pays attention to the basin’s international resources, i.e. 
those resources that are shared by two or more countries or the mobilization of 
which has consequences for more than one country. Chapter 5 contains the long
term perspective and discusses in particular the development of a series of large 
projects which would, as far as possible, meet the irrigation and power needs of the 
basin area, and is generally referred to as the Mekong Cascade. Chapter 6 
appraises and compares the three major international projects. These projects (see 
Table 1) are Low Pa Mong (20), Nam Theun 2 (23) and Nam Ngum 2 (24).

• Part III, Chapters 7 and 8, discusses the mobilization of the basin's national 
resources, i.e. those resources that are under command of one riparian country and 
the mobilization of which will have little or no effect on any other riparian 
countries. Chapter 7 deals with power projects. Chapter 8 with irrigation projects.

• Part IV, Chapters 9-11, outlines the envisaged programme of action. Chapter 9 
describes the programme of studies and investigations required (1) to support the 
investment plan by bringing the projects concerned to implementation. (2) to build 
up the knowledge required to reach a comprehensive understanding of the basin's 
complex internal relationships, and (3) to support decisions to be taken in the near 
future on the mobilization of the basin's international resources. Chapter 10 
reviews the need to reinforce the Mekong Secretariat, and the cost thereof. Finally 
Chapter 11 formulates the investment plan for 1988-2000. and gives the budget for 
the full programme of proposed action.
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C. Development since 1957

1 .06 This section contains a brief outline of water resources development in the 
basin in the period following the founding of the Mekong Committee (1957), 

of the investments that went into it, and of the implementing agencies that played a 
major role. Its purpose is to provide a background against which proposed future 
development can be evaluated.

1 .07 Between 1957 and 1969 the basin developed at a rate which has since not 
been matched. Achievements included, in Thailand, the Nam Pung dam and 

power plant, the Nam Pong dam and power plant, the Lam Pra Plerng dam and the 
Lam Pao dam. Under construction by 1969 were Nam Pong irrigation scheme, 
Lam Dom Noi dam and power plant, Nam Phrom dam and power plant, Lam Pao 
irrigation scheme, Lam Pra Plerng irrigation scheme, Nam Takong dam and 
irrigation scheme, and Nam Oon dam and irrigation scheme. In Kampuchea the 
Bovel irrigation scheme was completed; and the Prek Thnot dam and irrigation 
project was under construction. In Lao PDR the Nam Ngum Stage I, Nam Dong 
and Selabam power schemes were in various stages of completion. No progress of 
importance, however, was made in Viet Nam.

1 .08 The publication of the 1970 plan provided the necessary framework for 
further short-term and long-term development. Since then many of the 

mainly national short-term projects have been completed, but the mainstream 
international projects of the longer-term programme have not, due to changing 
political and economic circumstances.

1 .09 From the formation of the Mekong Committee in 1957 until publication of 
the 1970 plan, seventeen mainstream or delta projects and 87 tributary projects 
were identified and studied either in depth or superficially. The 1970 plan 
comprised:

• a short-range plan, for the decade 1971-1980, comprising independent national 
projects to satisfy the needs in specific areas;

• a long-range plan, extending to 2000, comprising several possible sequences of 
mostly mainstream projects which were to a large extent interdependent;

• a plan covering complementary programmes of research, training and the 
development of minor infrastructure and facilities.

1.10 The plan concluded that tributary projects alone would not be able to meet 
the increasing demands for irrigation, flood control and electric power up to 

2000, and therefore recommended mainstream development after 1980.

1.11 Total investment for the short-range and long-range plan and their 
complementary programme were estimated as shown in Table 2. The 

following paragraphs discuss details of the plan.
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Figure 1. Project location plan
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1.12 The short-range plan is summarized in Table 3. This shows country totals, 

divided into planned expenditure on power and irrigation. Nearly all of the 
projects already completed, nearly completed or well under way in 1970 formed 
part of the short-range plan. In fact, as far as Lao PDR and Thailand were 
concerned, the short-range plan 1971-1980 was geared for completion in the first 
half of that decade. The programme comprised the following projects.

• Kampuchea: Prek Thnot, Battambang, a 40 MW thermal power plant at 
Kompong Som, and a transmission line

• Lao PDR: Nam Ngum, Nam Dong and Selabam
• Thailand: Nam Pong, Nam Pung, Lam Dom Noi (Sirindhorn), Nam Phrom 

(Chulabhorn), Lam Pao, Lam Pra Plerng, Nam Takong, Nam Oon and Pak 
Mun

• Viet Nam: Cai San, Tiep Nhut, Vinh Loi, Go Cong, Kien Hoa, Upper Se San, 
Krong Buk, An Truong, Dong Thap, Ba The, Drayling extension, Yali Falls 
Small, Yali Falls Large, Plei Krong, 145 MW of thermal power inside the basin 
and 2,400 MW of hydroelectric, thermal and nuclear outside the basin.

1.13 The long-range plan considered fifteen mainstream multipurpose projects, 
one water control project on the Tonle Sap (mainly to increase low flow in 

the delta), the Nam Theun 2 power project in the Lao PDR, a group of ten minor 
hydropower projects outside the basin in Viet Nam, and large-scale delta 
development in Kampuchea and Viet Nam. Of these projects those listed in Table 
4 were selected for the long-range plan. Of the latter, Pa Mong, Stung Treng and 
delta development were considered the key elements of the plan.

1.14 The complementary programme of supporting investments comprised 
programmes in agriculture, industry, transportation, water supply, and social 

development. To achieve the agricultural development envisaged for 1970-2000, apart 
from the implementation of headworks and irrigation infrastructure, the plan 
recommended ancillary measures such as expansion of research programmes for 
irrigated agriculture, development of agricultural extension services, provision of 
adequate inputs on the spot, establishment of credit systems, improvement of 
marketing systems, storage and processing, establishment of cooperatives, land 
reform, and formulation of agricultural policies. To stimulate livestock, fisheries and 
forestry development, the plan envisaged production and processing facilities for 
livestock, construction of fish farms, construction of improved fishing boats and gear, 
training of fishery technicians, and establishment of industrial plantations. Investment 
in industries were foreseen for power-intensive industries, agro-industry, river 
transport and mining. Investment in navigation and inland water transport 
development was considered to comprise: dredging and channel marking; 
construction of shipyards, terminal and cargo-handling facilities; construction of 
navigation locks or lifts or transfer systems at dams, and so on. Provision was also 
made for the extension of railway and road networks and bridges across the Mekong. 
Investments foreseen for the short range (1971-1980) amounted to USS 427.5 million 
and for the long range (1981- 2000) to US$ 2,537.8 million, both expressed in 1970 US 
dollars.
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Table 2. Summary of the 1970 investment plans

Programme
Investments (1970 USS million)
Local cost Foreign exchange

cost
Total

Short range (1971-1980) 665.9 1,189.6 1,855.5
Water resources projects 504.1 923.9 1,428.0
Complementary programme 161.8 265.7 427.5

Long range (1981-2000) 4,286.0 5,745.8 10,031.8
Water resources projects 3,310.7 4,183.3 7,494.0
Complementary programme 975.3 1,562.5 2,537.8

Total 4,951.9 6,935.4 11,887.3

Table 3. Short-range plan for irrigation and power (1971-1980)

Country Irrigation 
(ha)

Power 
(MW) Total cost estimate (1970 US$ million)

Irrigation Power Total

Kampuchea 103,000 99.5 106.0 52.0 158.0
Lao PDR 35.000 138.1 35.0 48.5 83.5
Thailand 231,600 227.3 155.0 68.0 223.0
Viet Nam 320.300 2,808.7 177.9 785.6 963.5
Total 689.900 3,273.6 473.9 954.1 1,428.0

1In the delta and north of the Great Lakc.
2including lowlands around Great Lakc.
3In Lao PDR (130,000 ha) and Northeastern Thailand (150,000 ha).
4In Kampuchea 578.000 ha and in Viet Nam 2,050,000 ha.
5Figures in brackets denote full storage and minimumopcrating levels (m).
6Akmg Se Bang Fai and Mekong rivers and in the Delta.
7Exclusive of the potentials for Nam Thcun 2 and Stung Trcng which refer to water availability rather than identified areas for irrigation development 
AIncluding the storage in the full Nam Mong and Nam  Lik valleys, hence without the Nam Mong and Nam Lik exclusion schemes later proposed, which 
would reduce net storage by 20.700 million m’.

Table 4. Long-range plan for water resources as formulated in 1970 (1981-2000)

Project name5
Country Active 

storage 
(109m3)

Irrigation 
potential 
(103 ha)

Power 
(MW)

Planned 
year of 

commissioning

Investments 
(1970 US$ 

million)

Nam Theun 2 (530/520) L 6 2706 2.500 1981 403.2
Sambor (42/40) K 2 34 3,250 1981 690.8
Pa Mong (250/220) L.T 778 1,6303 4.800 1983 2,260.3
Delta Development Phases I/II2 K.V — 2,6374 — 1983/1992 1.055.8
Interconnecting transmission lines — — — — 1988 182.2
Stung Treng (88/81) K 46 1,2871 7,2(X) 1992 1.668.3
Ban Koum (130/128) L.T 1 — 3,300 1997 710.6
High Luang Prabang (355/335) L 10 — 2,750 1999 477.6
Oil-fired thermal power — — — 400 2000 45.2

Total — 142 4.3O17 24.200 — 7.494.0
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1.15 The plan also included outlines for a comprehensive programme of 

investigations and studies designed to permit the preparation of a more 
conclusive basin plan. This programme, to be conducted in the five-year period 
1971-1975, was estimated to cost US$ 25 million. Moreover, US$ 24 million was 
considered required for topographical mapping in the period 1974-2000. For the 
mainstream projects, provision was made for investigations and studies of Pa 
Mong, High Luang Prabang, Ban Koum, Stung Treng, Upper Thakhek and delta 
development.

1.16 The short-range plan for Lao PDR was fully realized within the proposed 
time, with the exception of irrigation development, of which only a small part 

was implemented. In Thailand, except for Pak Mun, the full programme was also 
completed, albeit with some delays and some shortfalls in areas developed and 
capacity installed. However, the additional projects Huai Luang and Huai Mong 
were also implemented. In Kampuchea, the programme was abandoned in the 
early seventies before any significant results were obtained, while in Viet Nam lack 
of development funds severely restricted progress. In summary, in those parts of 
the basin where conditions were conducive to development, the programme was 
successfully implemented. The review studies have shown that most of the large 
irrigation projects, and especially the early ones, experienced considerable 
teething problems and have not, or only after long delays, reached the targets set 
at their inception, while smaller projects and power projects generally fared much 
better.

1.17 Little physical progress was made with the long-range plan. On the one hand 
the political situation was not conducive to such development; on the other, 

developments on both the demand (power) and supply (paddy) side diverged from 
what had been anticipated in 1970. The Kampuchea power market stagnated. 
Present projections for Viet Nam (year 2000) are only a fraction of those made in 
1970. Projections for power and energy demand in the Lao PDR and Thailand for 
2000 were in 1987 only about half those predicted in 1970. In the production of 
paddy and other food crops, the Lao PDR has gradually edged towards self- 
sufficiency and Thailand has been able to produce a hefty export surplus without 
recourse to mainstream development. Both will be able to sustain this situation at 
least until the year 2000. Only in the case of Viet Nam may it be expected that the 
lack of mainstream development will be felt towards the end of the century.

1.18 It is difficult to say to what extent progress was made in the programme of 
complementary investments because these mainly involved national 

development programmes and private investment. It is noted, however, that under 
the auspices of the Mekong Committee and Interim Mekong Committee successful 
programmes were undertaken in agriculture, fisheries, navigation and river 
crossings, and to some extent in social development and public health.

1.19 Programme of investigations. Substantial studies were undertaken on both 
mainstream (in particular the Pa Mong scheme) and tributary development, 

the latter involving projects with power capacity 2,500 MW and irrigated area 
500,000 ha. Moreover a substantial effort went into basic data gathering and its 
publication.



1.20 It can be concluded that the Committee’s work has focused to a large extent 
on national projects. With the exception of Nam Ngum 1 in Lao PDR, which 

by its character (built mainly for power export) can be regarded as an international 
project, no further mainstream or international tributary projects were 
constructed. As at end 1986, US$ 563.4 million had been contributed since the 
founding of the Committee in 1957. A cash flow of contributions inflated to 1987 
price levels is shown in Figure 2.

1.21 It is estimated that total investments in large-scale water resources projects 
during 1965-1986 amount to between US$ 1,600-2,(XX) million expressed in 

1987 US dollars. During most of the sixties this rate may have been around USS 
120 million/year, mostly confined to the Lao PDR and Thailand.

1.22 The main agencies involved in the developments discussed above are (a) the 
Mekong Committee (since 5 January 1978, the Interim Mekong Committee), 

(b) the national committees of the riparian countries and their governments and 
departments, (c) the Mekong Secretariat, and (d) the international and bilateral 
donors.

1.23 The Mekong Committee was established in 1957 by the governments of the 
four riparian countries primarily concerned. The Committee’s goal, as laid 

down in its statute, is the comprehensive development of the water and related 
resources of the lower Mekong basin for hydroelectric power, irrigation, flood 
control, drainage, navigation improvement, watershed management, water supply 
and related development. The Committee’s work programme is carried out by the 
Mekong Secretariat, in collaboration with riparian government departments, 
cooperating countries and institutions, and United Nations agencies. The national 
committees perform liaison functions and coordinate work at the national level.

Figure 2. Contributions to the Mekong Committee, 1958-1986

Total

Construction and investment

Study and preinvestment



1.24 Countries which have cooperated with or made pledges to the Mekong 
Committee over the years are: Australia, Austria, Belgium, Canada, 

Denmark, Egypt, Finland, France, the Federal Republic of Germany, Hong 
Kong, India, Indonesia, Iran, Israel, Italy, Japan, Netherlands, New Zealand, 
Norway, Pakistan, Philippines, Soviet Union, Sweden, Switzerland, United 
Kingdom, and United States. Seventeen United Nations agencies and related 
organizations are or have been associated with the work of the Mekong Committee 
or the Interim Mekong Committee: ESCAP, UNDP, UNEP, UNDTCD, FAO, 
IAEA, ILO, ITU, Unesco, Unicef, Unido, WHO, WMO, WFP, the World Bank, 
the Asian Development Bank, and the United Nations Asian and Pacific 
Development Institute. In addition, since 1980, close working relations have been 
established with the European Economic Community, and the OPEC Special 
Fund. The coordinating role for all the aforementioned activities rests with the 
Mekong Secretariat and the National Mekong Committees.
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2 Physical features

A. Geography, geology and topography

2.01 The Mekong, one of the world’s great rivers and tenth largest in terms of 
annual flow, begins its 4,200 km journey to the sea in the mountains of Tibet.

The lower Mekong basin begins where the river becomes the border between Lao 
PDR and Thailand. It covers an area of 609,000 km2, some 77% of the total 
drainage area of the Mekong. It includes virtually all of the land area of Lao PDR 
and Kampuchea, the northeastern region of Thailand, the provinces Chiang Rai 
and Phayao in the northern region of Thailand, and the delta provinces and part of 
the central highlands of Viet Nam. The following brief account of the basin’s 
salient features is supplemented by Figures 3-5.

2.02 There is a marked imbalance in resource endowment between the left and 
right banks of the Mekong in its upper reaches. Land is more plentiful in 

Northeastern Thailand but water is limited. The Lao PDR has ample water but 
limited areas of cultivable land.

2.03 Within the basin there are five principal landforms, each of which has 
distinctive geological conditions. They are the northern highlands, the Korat 

plateau, the eastern highlands, the lowlands and the southern uplands (see 
Figure 3). The following paragraphs describe the main characteristics of these 
five areas.

Northern highlands

2.04 The northern part of the basin is a mountainous area where erosion has 
carved a highly complex and dissected relief. The highest peak exceeds 2,800 

m above sea level. Crest elevations are generally more than 600 m above adjacent 
valley floors, and most slopes exceed 30%.

2.05 The relief limits the agriculture of a relatively sparse population to lowland 
rice cultivation in the narrow valley bottoms and the shifting cultivation of 

upland rice and other crops on the slopes. The potential for hydroelectric power 
development is substantial, but the potential for irrigation is markedly less than in 
other parts of the basin.

Korat plateau

2.06 The Korat plateau is separated from Thailand’s central plain by the hills of 
the Petchabun range. At the southern edge, the abrupt escarpment of the 

Phnom Dangrek separates the plateau from the Tonic Sap basin in the lower 
Mekong lowlands. To the east and north the plateau is bounded by the foothills of 
the eastern and northern highlands respectively. The Mekong river crosses the 
plateau closely hugging its northern and eastern boundaries.
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Figure 3. Simplified relief and major landform divisions
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2.0 7 Natural levees begin in the section of the Mekong downstream of Pa Mong.

The river profile is gentle and the valley broad, except where the river swings 
close to the eastern highlands. Then rock outcrops occur in the bed and the river is 
confined in a narrow gorge.

2.0 8 More than half the Korat plateau is drained by the Nam Mun and the Nam 
Chi; these tributaries, with the Nam Songkhram and Nam Kam to the north, 

have gentle profiles which tend to delay the evacuation of monsoon rainwater. The 
Nam Ngum and the Nam Lik, which rise in the northern highlands, form a broad 
alluvial plain north and east of Vientiane, at the edge of the plateau.

2.0 9 The broad tributary valleys of the plateau in northeastern Thailand and the 
lower reaches of the Laotian tributaries support a considerable agricultural 

population. They offer substantial scope for further agricultural development by 
means of flood control, drainage, irrigation, and measures to reduce possible 
salinization.

Eastern highlands

2.10 The eastern highlands, 50-300 km wide and generally called the Long Chain, 
form the mountainous backbone of central Viet Nam, an area of complex 

relief. In the north the highlands are narrow, further south, they broaden, 
presenting to the east a steep and abrupt descent to the narrow coastal plains, and 
to the west a more gentle slope from the watershed at the crest down to the 
Mekong river.

2.11 The northern half of the eastern highlands is better suited to hydroelectric 
power development than the less accented relief of the southern half, which 

provides opportunities for irrigation development in the tributary valleys.

Lowlands

2.12 Leaving the southeastern edge of the Korat plateau, the Mekong plunges 
over the Khone falls at the Kampuchea-Lao border and reaches the lowlands. 

At Sambor it crosses its last series of rapids and enters its lower course, 
characterized by high natural levees and a broad flood plain.

2.13 Further downstream, the Mekong receives the waters of its major tributary.
the Tonic Sap, at Phnom Penh. The Tonic Sap. which is fed by the streams 

which drain into the Great Lake in the western area of Kampuchea, reverses 
direction in the flood season, when part of the flood waters of the Mekong flow up 
the Tonic Sap into the natural storage basin provided by the Great Lake. 
Immediately below the Mckong-Tonle Sap confluence, at Phnom Penh, the 
Mekong river divides to form the Mekong (Tien) and the Bassac (Hau Giang).

2.14 The “delta" in this report refers to the triangular area with its apex at Phnom 
Penh and its base on the coast at the mouths of the Mekong. It extends 

westwards to the Gulf of Thailand and eastwards to the eastern branch of the 
Vaico river. It covers an area of 49,520 km2, 26% of which in Kampuchea and 
747o in Viet Nam.
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2.15 Apart from isolated rock knolls, the relief of the Tonle Sap-Mekong-Bassac 

alluvium is flat. However, a number of differences in microrelief nevertheless 
affect the drainage conditions significantly. Within Kampuchea, the Mekong, 
Tonle Sap and Bassac flow within natural levees flanked by parallel depressions 
which serve as flood storage lakes and are often linked by small channels to the 
main rivers. Every year from September to November, when the Mekong river is 
in spate, flood water overflows the river banks inundating vast areas in the delta, 
both in Kampuchea and Viet Nam. In a high flood, the upper part of the delta, 
below Kompong Cham and above Can Tho, is submerged in places to depths of up 
to 4.5 m.

2.16 The combined action of river deposition and the sea have produced a slightly 
higher coastal belt in which flooding is less severe. Deposition in the delta 

continues to extend the Ca Mau peninsula southwards and westwards.

2.17 The lowlands, particularly the areas of recent alluvium, have historically been 
the most densely populated and productive agricultural part of the lower 

Mekong basin. Although large tracts of land in the delta, particularly the Plain of 
Reeds, the Long Xuyen — Hatien quadrangle and the interior of the Ca Mau 
peninsula, consist of acid-sulphate soils, it is thought that with ample supply of 
water and proper land and water management these soils can be made productive. 
In general the delta has much potential for water resources development for 
agriculture.

Southern uplands

2.18 The Cardamom and Elephant ranges in Kampuchea separate the lower 
Mekong lowlands from the Gulf of Thailand. Of the same geological age and 

composition as the eastern highlands, the Cardamom range presents a steep slope 
to the north, and is the source of the Stung Battambang and Stung Pursat, which 
both drain north to the Great Lake. The Elephant range meets the sea at Kampot, 
and the Prek Thnot river drains the northern half of that range to the Bassac river.

B. Climate

Influence of the monsoons

2.19 The climate of southeast Asia is governed by monsoons — steady winds of 
low to moderate intensity that blow alternately from the northeast and the 

southwest, each for about six months of the year. The southwest monsoon begins 
in May and continues until late September; then, following a brief period of 
instability, it is replaced by a reverse air stream, the northeast monsoon, from 
November to mid-March. During March and April, winds become light and 
variable. Except in the interior of the mainland of southeast Asia, maritime and 
equatorial influences are dominant.

Rainfall regime

2.20 The rainfall regime depends largely on geographic orientation. The 
Tenasserim mountains of Burma and the coastal mountains of Thailand and 

Kampuchea, lying directly across the path of the southwest monsoon, are exposed 
to heavy rainfall on their seaward flanks and shield the interior to a considerable 
extent. In the same way, the coastal mountains of Viet Nam shield the basin and 
the central plain of Thailand during the northeast monsoon.
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2.21 Because of its long path over the sea the southwest monsoon is heavily laden 

with moisture and brings copious rainfall to the riparian countries, especially 
to their hilly and more mountainous parts. The northeast monsoon, on the other 
hand, which flows mainly over land, is relatively dry and brings practically no rain 
other than to the coastal slopes of Viet Nam.

2.22 Thunderstorms are frequent and often very intense during the wet season, 
but they are mostly short and are normally concentrated over limited areas.

More widespread rainfall of longer duration may be caused by cyclonic 
disturbances. These are most frequent during September and can cause serious 
flooding. Their effects are limited mostly to the delta area and the eastern portion 
of the basin, though occasionally they pass right across the mainland and subject 
large areas to prolonged heavy rain.

2.23 Rainfall is on the whole plentiful (see Figure 4), but it is so unevenly 
distributed seasonally that all localities experience a drought each year which 

varies in intensity and duration from place to place and from year to year. The 
normal annual rainfall ranges from just under 1,000 mm near Khon Kaen in 
Northeastern Thailand to upwards of 4,000 mm in the mountainous fringes of the 
basin lying in Lao PDR, Kampuchea and Viet Nam. Mean annual rainfall over the 
basin and its distribution over the year are shown in Table 5. About 88% of the 
annual precipitation falls between May and October. The average number of wet 
days varies from less than one a month in December and January to more than 
twenty a month in August and September.

Rainfall Rainfall

Table 5. Mean rainfall distribution in the lower Mekong basin

mm % mm %

January 8 0.5 July 269 16.1
February 15 0.9 August 292 17.5
March 40 2.4 September 299 17.9
April 77 4.6 October 165 9.9
May 198 11.8 November 54 3.2
June 241 14.4 December 14 0.8

Total 1,672 mm

Temperatures

2.24 The air temperature is remarkably uniform throughout the basin. Small 
differences can be traced to variations in elevation and to seasonal and 

maritime influences. The effect of the sea on mean temperature is very slight. 
Temperatures are high except during the early part of the northeast monsoon when 
occasional outbreaks of cool air from central Asia sweep over the land. These 
generally last for no more than a few days at a time but sometimes persist for 
several weeks. Cool spells interspersed with periods of warmer weather continue 
until the end of February when, under the influence of light southerly winds, the 
weather becomes very hot. These conditions last until the southwest monsoon 
commences in May.

2.25 The mean relative humidity of the atmosphere is highest in September at 
slightly more than 80% and lowest in March at just over 60%.
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2.26 The small seasonal variation in temperature gives rise to a corresponding 

variation in the evapotranspiration requirements of vegetation, varying from
80 mm in January up to 160 mm in July. From May to September rainfall is in 
excess of plant requirements and soil infiltration: what cannot be stored in the soil 
runs off the land as streamflow. In October moisture within the root zone is usually 
sufficient to satisfy requirements. From mid-November until the end of April there 
is, however, a moisture deficiency which averages 300-600 mm, depending on 
location, the area of greatest deficiency being around Chaiyaphum in Northeastern 
Thailand.

C. Hydrology

Drainage area

2.27 The total drainage area of the Mekong is 795,(MX) km2, of which some 77%, 
or 609,000 km2, lies within the four riparian countries of Lao PDR, Thailand, 

Kampuchea and Viet Nam. Major tributary basins are, from upstream to 
downstream, right bank (RB) or left bank (LB): Nam Mae Kok (10,800 km2, RB), 
Nam Ou (26,160 km2, LB), Nam Ngum (16,640 km2, LB), Nam Theun (14,650 km2, 
LB), Nam Songkhram (13,800 km2, RB), Se Bang Hieng (19,600 km2, LB), Nam 
Mun-Chi (119,570 km2, LB), Sre-Pok-Sekong-Se San (75,050 km2, LB) and Tonle 
Sap (84,400 km2, RB).

Annual flows

2.28 In an average year more than 475,000 million m3 of water is discharged by the 
Mekong into the sea. Of this some 18% comes from the upper basin, 

representing 24% of the drainage area, and approximately 55% from the river’s 
left-bank tributaries in Lao PDR and Kampuchea, which represent 28% of the 
total drainage area. Northeastern Thailand contributes only 10% from 19% of the 
drainage area and the remainder of the basin 17% from 29% of the drainage area. 
The above as well as Figure 5 clearly illustrate the rich hydrological resource of the 
river’s left-bank drainage area in Lao PDR, Viet Nam and Kampuchea.

2.29 Kratie (total drainage area 646,000 km2) is the most downstream point where 
flood discharges can be measured. Downstream of this point the flood waters 

fan out over a vast area. Also, below this point the river is progressively tidal, at 
least in the dry season. Average annual flow at Kratie is some 93% of the total 
Mekong runoff discharged into the Sea.

2.30 If a wet year is designated as one for which the flow is more than 110% of the 
mean flow and a dry year as one in which the flow is under 90%, then the 

distribution between wet, medium and dry years is roughly 25%, 50%, 25% for 
Vientiane and 20%, 60%, 20% for Kratie. In just over 40 years of records both 
Vientiane and Kratie have experienced three periods of two to three consecutive 
dry years.

Mean monthly flow distribution

2.31 Since the flow in the lower Mekong basin derives largely from rainfall, its 
discharge in turn reflects the pattern of rainfall distribution during the year.

Since the unfailing southwest monsoon covers the lower Mekong basin every year, 
the main stage hydrographs and the range between high water and low water vary 
little from one year to the next.
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2.32 The river begins to rise following the onset of the monsoon in May or June 

and attains maximum level in August or September for upper stations, and 
September or October for downstream stations. It then falls rapidly until 
December, and afterward recedes slowly during the dry period of the year, to 
reach its lowest level in late April, just before the onset of the monsoon. The 
typical pattern of monthly runoff of the subbasins is indicated on Figure 5.

Peak flows

2.33 Table 6 shows the maximum recorded flows of the Mekong, up to 1970. The 
maximum peak discharge at Vientiane was 26,000 m3/s, occurring in 1966, 

while the annual minimum peak discharge was 11,300 m3/s, in 1957. During the 
same period, the maximum peak discharge at Kratie was 66,700 m3/s, occurring in 
1939, while the annual minimum peak discharge was 39,800 m3/s, in 1965. In terms 
of variability (highest peak/lowest peak), based on the above data, this is 2.3 for 
Vientiane and 1.7 for Kratie. Table 6 clearly indicates the increase in peak 
discharge between upstream and downstream (maximum at Kratie 2.6 times the 
maximum at Vientiane). This increase is mainly due to the flood runoff of the 
intervening area on the left bank.

2.34 Downstream of Kratie, the Mekong enters its delta, overflooding the plain on 
both banks in a quite complicated flow pattern as its flow rises above 7 m 

(above MSL). The overbank flow on the right escapes toward the Tonle Sap and 
the Great Lake. The Mekong main channel also adds its flow to the Great Lake 
through the Tonle Sap at Phnom Penh Quatre-Bras, which acts as an inlet-outlet 
for the Great Lake. This reverse flow starts as the Mekong flood starts to rise some 
time between April and June and continues until flood recession in October when 
the Tonle Sap then drains water from the Great Lake to the Mekong arms. The 
flow is therefore governed mainly by the storage effect of the inundated areas, the 
storage of the Great Lake, and the tidal effect which is increasingly felt in the 
lower reaches.

2.35 Just below Phnom Penh, the Mekong divides into two branches, the 
continuation of the Mekong itself on the east and the Bassac on the west, 

routeing respectively about 80% and 20% of the annual flow to the sea. When the 
Mekong flow at Phnom Penh rises above 15,000 m3/s, its flow not only runs to the 
Great Lake, but also spills into overflow channels toward the lowlands around the 
Bassac and the Mekong. Some 20,000 million m3 of overflow empties back into the 
main branches as return flow yearly. The river level rises gently, at a rate of a few 
centimetres a day, and the flood spreads over several months.

2.36 About 50 km below the Kampuchea — Viet Nam border, there is a 
connecting channel, the Vam Nao pass, through which about 40% of the flow 

of the Mekong branch turns into the Bassac during the higher stages. The reduced 
flow in the Bassac is thus equalized with that of the Mekong below this connecting 
point.

Dry season flow

2.37 Minimum recorded discharges in the mainstream arc shown in Table 6. Only 
in the delta is the dry season flow a point of major concern as a certain 

discharge is needed to prevent excessive saline intrusion. Under the present 
conditions the isohaline of 4 g NaCI/litrc varies between say 50 km from the 
mouths at the end of the dry season flow period to 15 km at the end of the flood 
season. A considerable reduction of dry season flow would increase the saline 
intrusion, with all its consequences for planned and existing downstream 
abstraction points.
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Table 6. General hydrology of the Mekong river (up to 1970)

Gauging 
station

Drainage 
area (km2)

Discharge (m3/s) Average 
annual 
runoff 

(109m3)
Maximum Minimum Average 

(years)

Chiang Saen 189,800 23,500 (1966) 543 (1969) 2,970 (10) 94
Luang Prabang 268,000 25,200 (1966) 652 (1956) 3,717 (21) 117
Vientiane 299,000 26,000 (1966) 701 (1956,1958) 4,600 (58) 145
Thakhek 373,000 32,900 (1948) 915 (1969) 7,710 (47) 244
Pakse 545,000 46,200 (1939) 1,060 (1932,1933) 10,295 (46) 325
Kratie 646,(XX) 66,700 (1939) 1,250 (I960) 13,974 (45) 441

D. Soils, vegetation and environmental factors

2.38 The information on soils in this section is mainly drawn from Pantulu (ref. 
23), while the vegetation and environmental information is chiefly from the 

Mekong Committee 1978 report (ref. 4.9).

Soils

2.39 The lower Mekong basin is chiefly a farming area, with approximately 81% of 
the population engaged in agriculture. The extent and location of cultivated 

land is constantly changing due to the “slash-and-burn” methods of lowland 
farmers (swidden agriculture).

2.40 Vegetation, as in most tropical zones, has been of minor importance in soil 
genesis. In the lower Mekong basin 29 major soil types have been 

recognized. These can be best grouped into eight categories: four lowland and four 
upland.

2.41 The lowland soils occupy most of the Korat plateau and the Mekong plain, 
which are the areas with most agricultural potential. These soils are mainly 

hydromorphic with gley characteristics at shallow depths. The four types are 
coastal complex soils, delta soils, flood plain soils and ground water complex soils.

• Coastal complex soils occur along the delta coast and are generally clayey, 
slightly acidic and suited for paddy development. Saline intrusions, however, 
dominate land use. These areas are important nursery and spawning grounds for 
fish and shellfish and are suited for aquaculture development.

• Delta soils are clayey with varying organic content depending on drainage, and 
often with sulphide accumulations, which cause extreme acidity and other 
toxicity problems. Limited paddy development or other land use is possible, 
although water control, with or without irrigation, is essential in order to avoid 
acidification. These soils are well-suited for forestry (Melaleuca) and 
aquaculture development. They too are important from the fisheries point of 
view.

• Floodplain soils are slightly acid alluvial clayey sediments of moderate fertility. 
The levee soils are suited to dryfoot crops depending on flood conditions. The 
swamp soils are generally suited to paddy development. Their productivity 
could be greatly enhanced by flood control. The flood plains are the areas from 
which the major part of the fish production in the lower Mekong basin 
originates.
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• Groundwater complex soils arc silt loams with low surface clay. They are suited 

for paddy, but drainage and fertility require improvement for crop production. 
On the Korat plateau these soils are underlain with an ancient salt formation. 
Upon irrigation development salinization may progress rapidly in certain areas. 
Prevention and reclamation of these soils is possible by leaching the salts 
downward. Drainage is thus an essential component of water management here.

2.42 In upland areas the four soil types are podsols, red-and-black soils, latcritics 
and mountain soils. Podsols are low in clay and organic matter. They have a 

low water retention capacity, but with fertilizers are capable of sustained yields. 
The red-and-black soils are well-suited to upland rainfed agriculture, including 
rubber, corn and cotton. Lateritic soils occur in the uplands of the Korat plateau 
and Mekong plain. The laterite is at shallow depths, and the soils are generally 
unsuited for field crops. Mountain soils are mostly shallow soils derived from 
sandstones and acid igneous rocks with limited agricultural potential, even for 
shifting cultivation.

2.43 The basin’s soils have many agricultural limitations, and typically have low 
cation exchange capacity, low organic matter content, and high acidity.

Moreover sizeable areas are affected by salinity, floods and droughts.

Vegetation

2.44 The forests in the basin have undergone periodic clearing and regrowth due 
to many generations of widespread swidden agriculture. The basin’s forests 

comprise two major groups, evergreen and deciduous. The evergreens include 
tropical rainforest, hill evergreen forest, coniferous forest, freshwater swamp, and 
mangrove, and the deciduous forests include mixed deciduous monsoon forest and 
dry dipterocarp forest.

2.45 Tropical rainforests occur from sea level up to 1 ,(XX) m in areas having an 
annual rainfall of 2,(XX) mm or more, distributed throughout most of the 

year. Hill evergreens grow in areas of heavy evenly distributed rainfall above about 
1 ,(XX) m. Coniferous forest is typically found in sandy soil areas at 600-1,400 m. 
Mangroves occur only in the delta, and freshwater swamp forests mostly in 
Kampuchea around the Great Lake and in the backwater areas of the Mekong. 
Deciduous monsoon forest is confined to areas with pronounced wet and dry 
seasons, generally at elevations below 1 ,000m with 1,250-2,000 mm annual 
rainfall. Dry dipterocarp forest, also called “savanna forest, replaces the 
deciduous monsoon forest when the rainfall drops below about 1,250 mm and 
where the dry season is as long as six months.

2.46 In addition to these forest types, many lower basin areas formerly forested 
are now covered with savannas or grasslands, especially Imperata.

Environmental factors

2.47 The basin consists of five quite distinct physiographic units (Section A of this 
chapter), which each have a distinct climate, vegetation, wildlife and human 

use pattern as described below.

Northern highlands
The natural hill evergreen forest has been almost cleared by recent immigrants 
practicing swidden agriculture, which has created a serious erosion problem. Much 
of this forest is now replaced by grassland. Human population is still sparse, 
averaging 5-14/km2. The carrying capacity for agriculture, even for shifting 
cultivation, is low.
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Korat plateau
Most of the formerly forested area is now deforested. Much of the plateau is rather 
dry due to rainshadow effects. Because of deforestation many areas are covered 
with scrub and grassland, and much of the plateau is subject to recurrent floods 
and drought. Almost the entire plateau is underlain by an ancient salt formation, 
which increasingly may pose a threat to irrigated agriculture. Actually 17% of the 
total land area is already saline to some extent, but only 2-3% is seriously affected. 
Much of the plateau supports a human population of 80-150/km2, while around 
18% of the land is used for paddy.

Eastern highlands
Many areas of the former dense rainforest have been cleared by swidden 
agriculture. Continued burning has depleted the soil in many regions, resulting in 
wide expanses of unproductive upland savanna. Recent information indicates that 
the area is becoming prone to increasing erosion and soil degradation.

Lowlands
Most of the plain is rather dry due to rainshadow effects. In the delta an estimated 
60% of the land is affected by acid-sulphate soil conditions. When these soils 
remain under water no acidification occurs, but when they are exposed to air, 
strong acid is formed, which threatens adjacent nonacid soils and waters. Water 
management with or without irrigation is the key factor. It seems urgent to 
evaluate also other, probably more economic, land use forms like alternative 
shrimp/paddy farming, Melaleuca forestry, coconut plantations, and salt 
extraction. Most of the soils near the coast have problems with salinity intrusion. 
The Mekong plain is at present the most densely populated part of the basin, with 
provincial densities of over 560/km2 in the rice-growing regions of the delta.

Southern uplands
These mountains receive a very high rainfall, over 4,000 mm/year in some places. 
This results in a very dense forest and very low (provincial) population densities of 
less than 4/km2 in many places. The opportunities for agricultural development are 
limited.

Conclusion

2.48 The northern highlands, eastern highlands, and southern uplands have low 
agricultural potentials and can best be used for forestry, swidden agriculture 

and national reserves. Further deterioration of the watersheds should be prevented 
by providing the shifting cultivators with more attractive and sustainable forms of 
agro-forestry.

2.49 The Korat plateau and the lowlands appear capable of larger increases in 
production through modern irrigated agriculture. Care should be taken in 

developing these areas, given the environmental constraints of potential 
acidification and salinization.
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National economic and social 
features

A. Population

3.01 The total population of the four riparian countries of the lower Mekong 
basin, as at 1985, was estimated at around 122 million, of which 46 million

live inside the basin. Table 7 gives a breakdown.

Table 7. Population data (1985)

Kampuchea1 Lao PDR Thailand Viet Nam All four 
countries

Total population (’000) 7,002 3,5842 51,7963 59,8725 122,254
Population within basin (’000) 6,512 3,374 19,5224 16,8835 6 46,291
Percentage of population 
within basin 93.0 94.1 37.7 28.26 35.4

Population density (people/km2) 
Whole country 38.7 15.1 100.8 180.5 96.7
Within basin 39.8 15.3 103.3 234.06 7 71.7

Percentage of rural population 
for whole country 84.4 84.11 81.8’ 81.0s 81.6

Percentage of urban population 
for whole country 15.6 15.91 18.2’ 19.2s 18.5

1Unpublished Mekong Secretariat data (1985).
2ADB, Economic survey of the Lao PDR, May 1986.
3Statistical yearbooks, Thailand.
4Northeastern Thailand and Chiang Rai and Payao provinces.
5United Nations Fund for Population Activities, 1979-1985 population figures.
6Including Ho Chi Minh City and Long An province, which arc geographically just outside the basin.
7Taking two thirds of Dac Lac and Gia Lai-Kon Turn as being inside the basin.

3.02 As at 1985, population growth rates were about 2.9% for Lao PDR, 1.5% for 
Thailand and 2.1% for Viet Nam as a whole, but 2.4% for the south. No data 

was available for Kampuchea.

3.03 Projections for 2000 are: 5.5 million for the Lao PDR, 64 million for Thailand 
and 85 million for Viet Nam. No estimates were available for Kampuchea.

Allowing for a growth rate of 2,5% for Kampuchea and regional growth rate 
differences in Thailand and Viet Nam, population inside the basin at 2000 would 
be around 57 million. The latter estimate includes Ho Chi Minh City and Long An 
province in Viet Nam, which are geographically just outside the basin.

3.04 The largest urban centres in or just outside the basin are Ho Chi Minh City 
(3,655,000, 1985), Phnom Penh (between 500,000 and 700,000,1985), 

Vientiane (377,000, 1985) and Can Tho (380,000,1985).
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3.05 Provincial or municipal population densities inside the basin vary as follows: 

Kampuchea, 5-250/km2 (based on 1970 data and excluding Phnom Penh);
Lao PDR, 10-90/km2 (excluding Vientiane); Northeastern Thailand, 75-160/km2; 
and Chiang Rai and Payao in north Thailand, 75-85/km2; Viet Nam delta 
(excluding Ho Chi Minh City), 180-570/km2; and Viet Nam Highlands, 30-35/km2. 
Figure 6 shows the densities by province.

B. The national economies

3 .06 The resources of the lower Mekong basin are vast in terms of people, climate, 
water and land, but there are large regional variations in resource availability 

and resource use. The four countries’ economies vary greatly in structure and 
degree of development. While the Lao PDR still has a predominantly agricultural 
economy with low per capita incomes, the economic growth rates in recent years 
have been encouraging. Thailand has experienced rapid growth over the past two 
decades and is now a middle-income economy. Viet Nam has recently begun to 
accelerate its economic growth but is still a poor country which faces serious 
difficulties. Kampuchea has an agricultural economy operating at or just below 
subsistence level. The following paragraphs discuss some of the key economic 
parameters, which are summarized in Table 8.

Table 8. Key economic parameters, 1985

Kampuchea Lao PDR Thailand Viet Nam Total

Gross domestic product 
(US$ 109) 

National 0.7 0.5 37.4 10.8 49.4
Basin 0.7 0.51 8.5 4.0 13.7

Per capita income 
(USS) 

National 80-120 140 735 180
Basin 80-120 140 440 240 —

Origin of GDP 
(% of GDP) 

Primary sector 90 62 17 43
Secondary sector 5 6 30 33 —
Tertiary sector 5 32 53 24 —

1For practical purposes taken as the same as total GDP, although a small portion of the economy is outside the 
basin.

3 .07 In 1985 (1985 US$) the combined GDP of the four countries stood at an 
estimated US$ 49.4 billion, USS 13.7 billion of which in the basin. Apart 

from Kampuchea, for which no information exists, GDP growth rates, at 4.5- 
6.0%/year, were above world average. Although these rates represent a slight 
deceleration for Thailand, they are positive signs for the Lao PDR and Viet Nam, 
whose economies were only recently quite sluggish. Main reasons for the changes 
in these two countries are economic reforms aimed at deregulation and increased 
cooperation between the public and private sectors.
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Figure 6. Provincial population densities in 1985
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3.0 8 The different levels of economic achievement in the four countries are 

reflected in differences in the sectoral origin of GDP. The high contribution 
by the primary sector to Kampuchea's GDP is significant in that it indicates a 
subsistence economy (confirmed by the low per capita income). The high 
contribution from the secondary sector to Viet Nam’s economy is also noteworthy 
as it would normally indicate a middle-income state. In this instance it is due to 
Viet Nam’s prolonged emphasis on heavy industry; the large primary sector and 
the small tertiary sector indicate a still predominantly agricultural low-income 
economy.

3.0 9 The Kampuchean economy suffers from: (1) an acute shortage of 
administrative, planning and technical skills, (2) the abandonment of large 

tracts of arable land for various reasons, and (3) often severe deterioration of 
irrigation, transportation and power infrastructure. In these circumstances, it is 
virtually impossible to make meaningful predictions of the shape of the future 
economy.

3.10 Two main characteristics appear likely to influence the development of the
Lao economy. First, the country’s foreign exchange earnings are at present 

dominated by power exports to Thailand. Since these earnings will be gradually 
eroded by increasing domestic demand, and since the scope for other exports from 
the country is limited, it can be expected that, in order to meet growing foreign 
exchange requirements prompted by continued economic growth, the country will 
wish to exploit its hydropower potential further. And second, although the country 
achieved self-sufficiency in rice production in 1985, this may be difficult to 
maintain. Several studies have pointed to the need to accelerate and 
institutionalize the identification, appraisal and design of those measures needed 
to increase paddy production.

3.11 The ratio of domestic savings to GDP in the Thai economy is presently about 
16%. Both the NESDB and the World Bank feel that the ratio should be 

increased considerably in the near future if growth momentum is to be maintained. 
Both agencies acknowledge the need to improve the terms of trade in favour of 
Thailand’s rural areas. Even so, over the longer term, growth rates are expected to 
slow to a little over 4%/year from a long- standing average of over 6%, because of 
(1) long-term declines in rice and tapioca prices, which will affect both Thailand’s 
export and domestic earnings, (2) the slowing of economic growth worldwide, (3) 
the emergence of protectionist policies in the developed economies, and (4) 
increasing competition in world markets.

3.12 The Vietnamese government has made it clear in recent years that it will focus 
all its efforts to develop its economy. Three economic programmes are given 

top priority, namely (1) food and foodstuffs production, (2) consumer goods, and 
(3) export commodities.

3.13 There is ample suppressed demand, and hence ample absorptive capacity, for 
economically viable additional consumer goods, electricity and food 

production. In rice, annual production growth rates of 4-5% appear to be needed 
to reduce the supply gap over a period of 10-15 years. Recent achievements 
suggest that such a growth rate is feasible but will require, for the delta alone, a 
build-up of adequate planning, design and implementation infrastructure and an 
investment of US$ 60 million/year increasing to US$ 100 million/year by 2000. 
Accelerated power development would exercise requirements of the same order of 
magnitude.
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Sectoral potentials and demand

A. Agriculture and irrigation development

4.01 The prevailing farming systems in the basin are predominantly based on 
rainfed paddy cultivation. Farming practices are traditional and, use of 

modern inputs being limited, yields are low (see Table 9). Agriculture is plagued 
by one or a combination of the following factors: drought, floods and poor soils in 
the riparian countries, and salinity intrusion, particularly in parts of the delta.

Table 9. Paddy cultivation, 1985

Kampuchea Lao PDR Thailand Viet Nam All

National
Area (’000 ha) 1,600* 700 9,600 5,900 17,800
Yield (t/ha) 1.1 1.9 2.1 2.8 2.2

Basin
Area (’000 ha) 1,600 700 4,200 2,000 8,500
Yield (t/ha) 1.1 1.9 1.7 3.7 2.1

'About half the area that could be cultivated.

Lao PDR

4.02 Agriculture is the backbone of the Lao economy, and by far the most 
important sector. The sector contributes two-thirds of the GDP, while 

approximately three-quarters of the population derive their income from it. Lao 
agriculture is predominantly traditional. It operates almost exclusively on family 
labour, at an average cultivated area per farm of 2 ha. A small area is cultivated by 
cooperatives at various stages of development.

4.03 An estimated 800,000 ha are cultivated annually, 700,000 ha of which is for 
rice. A similar area is used as grazing land. Shifting cultivation is widespread 

and concerns about 300,000 ha of the total area cultivated.

4.04 Exploitable surface water resources exceed any foreseeable effective
demand. The Vientiane plain has played a predominant role in irrigation; it 

features a number of pump schemes and two gravity-irrigation schemes which are 
each supplied from reservoirs with a capacity of some 40 million m3. Irrigation 
development is, however, minimal relative to the 6(X),(X)0 ha potential, with 
100,000 ha in the Vientiane plain alone.
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4.0 5 According to 1986 World Bank estimates, supplementary irrigation of about 

50,000 ha is available to the entire country, mostly from small weirs with little 
water control. About 20,000 ha receives a relatively reliable water supply, and has 
“improved” primary and secondary irrigation infrastructure. The tertiary 
quaternary infrastructure is still unimproved field-to-field water flow. Dry-season 
irrigation, mostly pumped, is estimated at 8,000-13,000 ha, of which only 1,000 ha 
is cultivated intensively with full water control and adequate levels of inputs. Only 
about 10,000 ha, mostly pumped, is irrigated in the dry season. The soils are 
suitable, especially for rice, but productivity is hampered by poor drainage, 
flooding from the Mekong, frequent dry spells during the wet season, and 
especially the lack of water in the dry season.

4.0 6 The demand for irrigation development is substantial. Food balance studies 
point to the likelihood of a considerable paddy deficit by the end of this 

century. Reasons include a rapidly increasing population (3%/year), and a lack of 
projects ready for implementation. This report therefore recommends the urgent 
identification of more irrigation projects and measures aimed at raising the 
productivity of existing irrigated agriculture (see Chapter 9).

Thailand

4.0 7 Agriculture in Thailand accounts for approximately one-fifth of total GDP, 
60% of the export value and 70% of total employment. During the sixties 

and up to the mid-seventies the sector achieved annual growth rates consistently 
exceeding 5%. More recently growth has slowed to some 3.5% annually. One of 
the factors underlying the erosion of annual growth is undoubtedly an increasing 
shortage of land. The earlier performance was achieved mainly as a result of 
cropping more land than increasing productivity. The other important factor has 
been the weakening of prices in Thailand’s major agricultural export markets.

4.0 8 Northeastern Thailand has an arable land area of some 8.5 million ha, almost 
half of the total arable land in the country, but by far the lowest proportion of 

irrigated area. The irrigated area amounts to 0.5 million ha, which represents some 
12% of the total farm land, as against 36% for the country as a whole. This low 
irrigation coverage is a major factor in much of the poverty and low economic 
growth in the region. The problem is compounded by frequent floods during the 
rainy season and also by prolonged dry spells during that season, which result in 
considerable crop damage. Thailand’s needs for the northeast are to increase the 
irrigation coverage, reduce the hazards of frequent flooding, and meet the demand 
for water during the dry spells.

4.0 9 In northeastern Thailand, irrigation has a major role to play not only in 
raising agricultural production and farm incomes, but also in reducing 

unemployment and stemming migration to other areas of the country, both of 
which predominate in the dry season when farm activities are at a low ebb. 
Thailand has already developed a number of projects to these ends, projects that 
figured in the short-range plan under the indicative basin plan of 1970. Also, a 
fairly large number of studies on large irrigation projects, covering together some 
140,000 ha, have been carried out over the last decade, and most of them have 
found their way into the investment plan in this report. In addition, there is a 
potential for a large number of small projects. This, however, is not enough, not 
even to meet today’s problems, let alone if the future is considered. There is an 
urgent need to bring in water from the Mekong to alleviate the region’s water 
needs.



31
4.10 Mobilization of the potential described above would exercise a demand for 

water. This demand would to a large extent concern tributary development 
which could draw the water required virtually from storage of wet season river 
flows and could be funded through bilateral arrangements. To the extent that 
Mekong mainstream resources would be involved, cooperation among the riparian 
countries is indispensable. In this respect, to formulate feasible modalities and 
assist in securing international funding arrangements, the country would benefit 
from the services of the Mekong Committee and its Secretariat.

4.11 It should, once more, be stressed that, although the Mekong’s potential for 
hydropower is enormous and the mobilization of this potential is attractive, 

this would nevertheless be of secondary interest to Thailand. To satisfy its needs 
for power the country could turn to alternative sources which, though more costly, 
are perhaps plentiful. It is the multipurpose nature of mainstream development 
that would render such development particularly attractive to the country, 
allowing simultaneously to satisfy the priority needs as outlined above as well as to 
generate power.

4.12 Apart from pockets of relatively modern, market-oriented agriculture, vast 
areas in Northeastern Thailand are under traditional subsistence farming.

The development over the last decade of large-scale, medium-scale and small-scale 
irrigation, due to which the irrigated area has grown by 9% annually as against 5% 
for the country as a whole, has not discontinued the reliance on rice cultivation. 
The uncertain prospects for rice exports, with regard to both volume and price, 
render continued rice cultivation the focal point of agricultural development, an 
orientation of questionable developmental value.

4.13 Crop diversification has thus become of particular relevance to Northeastern 
Thailand. The region’s farmers are to a large extent already doing this, but 

significant results will probably not be achieved without a sizeable integrated effort 
that would have to be initiated and maintained by the government. The region’s 
well-defined dry season and relatively light soils are favourable for the production 
of a wide range of upland crops such as groundnut, soya bean and mung bean, or 
high-value alternatives such as horticulture and tree crops. However, a range of 
technical, institutional and economic problems will have to be resolved in order to 
make diversified agriculture an attractive course of development in a sustained 
manner. The actual development of crop diversification is in the end a matter of 
economics, and the higher yields and returns would have to outweigh the 
additional capital and recurrent costs involved by a significant margin. Apart from 
adaptive technologies, a prerequisite to such development would be to develop a 
marketing system that would be conducive to, and not a constraint to, crop 
diversification, as is the case at present.

Viet Nam

4.14 The average paddy yield in the Viet Nam delta is about 25% higher than 
average yields for Thailand and almost twice as high as the corresponding 

average for Lao PDR. There is now rice cropping in between and on either side 
of the Bassac and Mekong rivers, from the Kampuchean border down to some 
40-50 km from the coast. These are areas which have no major acidity or salinity 
problems, and have a sufficient supply of water. The intensification of rice 
cropping has been made possible by the construction of low embankments to delay 
flooding, thus lengthening the period for agricultural production, and by low-lift 
pump irrigation.
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4.15 Nevertheless, Viet Nam suffers from a food deficit. Based on a reasonable 

intake of 2,200 kcal/day, the 1985 paddy deficit was estimated at 3.7 million t, 
or 23% of total production. At a production growth rate of 4.5%, a rate achieved 
in the early eighties, it would take until 1997 to erase the deficit. However, this 
represents a massive effort. Based on the average areal production increase of the 
delta projects included in this study, it would mean that, by 1997, 2.0 million ha 
would have to be made more productive by adequate water control measures 
(flood protection, drainage, irrigation). The magnitude of the task ahead is 
underlined when it is realized that the 13 delta projects included in the investment 
plan cover only 300,000 ha.

4.16 Many measures need to be taken to develop the delta. Physically, there are 
six major constraints: flooding, salinity intrusion, water shortage, acid- 

sulphate soils, propagation of acid water, and water logging. Different 
combinations of these factors affect different parts of the delta.

4.17 The potential agricultural area in Viet Nam is 11 million ha, of which
7 million ha is currently cultivated, 4.9 million ha to paddy. For the delta 

these figures are 3.9 million, 2.4 million and 2.0 million respectively. Viet Nam’s 
largest agricultural potential lies in delta development. In broad terms, about half 
the delta is subject to flooding during the rainy season for 4-6 months and only low- 
yielding floating rice can be cultivated. Floods are relatively regular and gentle, 
and people have tuned their lives and agricultural practices to them. During floods, 
water flows into the backswamps inundating large areas until a maximum depth is 
reached in September or October. The flooded area amounts to 1.2-1.4 million ha. 
More productive rice varieties can only be cultivated if and where flooding is 
sufficiently reduced, but complete regulation of the flood flows by mainstream and 
tributary reservoirs is not a realistic perspective. Inundation depths may be 
reduced, but inundation will be hard to prevent unless flood protection works 
(embankments and possibly floodways) are constructed in addition to any 
upstream development.

4.18 The other part of the delta is plagued by salinity intrusion. At the end of the 
wet season, the river discharge gradually decreases until it reaches about 

2,000 m3/s in April or May. At the same time salinity intrudes gradually further 
inland affecting 1.7-2.1 million ha over a period varying from one to eight months. 
Related to salinity intrusion is the shortage of water. Although a discharge of 
2,000 m3/s is a considerable resource, an estimated 1500 m3/s is lost for salt 
repulsion purposes. The remaining amount is used for the irrigation of 
approximately 0.5 million ha.

4.19 The propagation of acidic water is another serious problem. The acid 
originates from acid-sulphate soils which occur in the Plain of Reeds, the 

Long Xuyen quadrangle and the Ca Mau peninsula. The acidic water produced by 
these soils after the first rains spreads out and contaminates the surrounding areas. 
The area affected amounts to 1 million ha, large parts of which therefore remain 
fallow.

4.20 Some regions, especially in the Ca Mau peninsula, which are not affected by 
the floods, are waterlogged because of excess rainfall and poor drainage. The 

waterlogged area amounts to 1.0-1.2 million ha over a period of 2-4 months.
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4.21 All areas require irrigation in the dry season when rainfall is negligible, but at 

present land development is slowing down. Only 30% of the cultivated area
is double-cropped, and a large part of the delta remains fallow. Meanwhile, the 
national population growth rate is 2.1%; in the delta it is about 2.5%. To keep up 
with this growth and with the growing need for food at the national level, rice 
production in the delta will have to increase at a higher rate. The Vietnamese 
authorities are convinced that their food production targets cannot be met if efforts 
remain concentrated on the presently cultivated areas, where a high rate of 
production is already obtained. The targeted increase in production requires that 
efforts be made to develop the potential of the problem areas in the Plain of 
Reeds, the Long Xuyen quadrangle and the Ca Mau peninsula.

4.22 In the longer run water resources in the dry season will become the limiting 
factor in delta development. Mainstream development and the development 

of the Great Lake/Tonle Sap then become paramount. The former option is closely 
linked to the demand for power, as mainstream development relies largely on 
power benefits for its economic justification; the latter is independent of power 
considerations.

Kampuchea

4.23 The high and low paddy yields in Viet Nam and Kampuchea respectively 
correspond very well to the relative levels of infrastructure. Whereas most of 

the delta can be irrigated to supplement wet season rainfall, with roughly 25% of 
the area being double-cropped, Kampuchea's irrigation infrastructure is in need of 
major repair, so that only one, rainfed crop per year is possible. Future work in 
this country would have to concentrate initially on rehabilitation and technical 
assistance.

Conclusion

4.24 In the long run, better water control measures and better water management 
are key factors for sustained agricultural development throughout the basin.

These should be accompanied by adequate research and institutional development. 
With the current low price of rice and dim prospects for a quick recovery, and to 
alleviate unemployment, the governments of the riparian countries, in particular 
Thailand and Lao PDR, have highlighted the need for crop diversification. The 
possibilities for crops such as groundnut, mung bean, soya bean and high-value 
alternatives such as vegetables and fish cultivation, are limited mainly to the dry 
season, as in most areas wet season rainfall is excessive for upland crops and 
farmers prefer to grow rice in the wet season to assure their household food 
supply. Irrigation development, therefore, is essential to support a policy of crop 
diversification and agro-industrialization.
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B. Power

4.25 Table 10 presents a summary of regional demand projections and energy 
balances for the period 1986-2010. The per capita energy demand figure for 

Lao PDR is typical for demand in an economy at that stage of development. 
Electricity is readily available in Vientiane and availability is expanding in the 
Vientiane plain, both of which are served by the country’s only substantial grid. 
Only small amounts of electricity are produced and consumed in the other 
provinces. The 150 MW Nam Ngum hydroelectric station is the most important 
facility in the power sector. The plant is interconnected to the Thai grid across the 
Mekong river south of Vientiane. The bulk of its output is exported to Thailand, 
providing an important source of foreign earnings to the Lao economy.

Table 10. Regional energy demand and energy balance projections, 1986-2010

1986 1990 1995 2000 2010

Energy generation (GWh) 
Lao PDR1 867 890 943 943 943
Of which net exports 
to Thailand2 698 585 389 158 (349)

Thailand3 24,780 33,719 43,862 55,732 63.6134
Vietnam5 2,980 4,480 4,725 5,835 5,8354

Energy demand (GWh) 
Lao PDR6 169 305 554 785 1,292
Thailand 24,780 33,719 43,862 55,732 90,206
Of which inside 
the basin 2,500 3,670 5,400 7,200 12,000

Vietnam 6,000 7,865 11,032 15,469 34,977
Of which inside the 
southern region 2,200 2,884 4,045 5,672 12,825

1Assuming interconnection between the three main regions; 1986 capacity (Nam Ngum and Nam Dong) 
supplemented in later years by Selabam and Xeset; no allowance has been made for possible expansion not yet 
decided upon.
2discounting transmission losses. Deficit in 2010.
3Includes net imports from Lao PDR.
4Including only currently planned and scheduled expansion in generating capacity. Greater capacity will be 
needed to fulfil the forecast demand.
5Southern region only.
6Includes distribution losses.

4.26 Present plans for hydropower development in Lao PDR include expanded 
rural electrification in the Vientiane Plain and in the southern provinces of 

Savannakhet, Champasak and Saravane. Generation capacity will be augmented 
by rehabilitation and extension of the Selabam hydropower plant and construction 
of the Xeset hydropower plant in the south.

4.27 Electricity is readily available in Thailand and its power system is fully 
interconnected. Of the four riparian countries it has by far the most 

developed system. Per capita demand is far in excess of the other countries. The 
power system has grown rapidly over the past 25 years. Between 1961 and 1986, 
electricity demand grew from 464 GWh to 22,740 GWh, increasing from 18 kWh to 
more than 380 kWh per capita. Prior to 1973, electricity demand had been growing 
by more than 20%/year (three times GDP growth). When GDP growth slowed and 
real prices rose sharply in 1974 and 1979-82, growth declined to 6%/year. When 
GDP growth picked up in 1974-79 and again in 1983 and prices stabilized, 
electricity demand again grew at 13%/year or at about twice the rate of GDP 
growth. Subsequently the demand growth rate eased back to about 8%/year.
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4.28 Rapid rural electrification and the very large expansion of residential 

consumption have an important part in shaping electricity demand in the 
national system. The peak demand in the basin area, covering only the 
northeastern part of Thailand, where 19.5 million people (1985) are living, is 
estimated at 438 MW (1985) and is expected to grow at an annual rate of 6-8% 
over the next decade and somewhat less thereafter, to some 1,400 MW by the year 
2000 and, perhaps, 2,300 MW by the year 2010. On the national level, peak 
demand has been increasing more rapidly than overall consumption, at an average 
of 9.2%/year, up from 2,240 MW in 1979 to 4,258 MW by 1986.

4.29 The basin’s hydropower potential far exceeds the demand within the basin in 
all the basin’s countries. There is surplus potential which could extend 

beyond the basin area and could easily serve the 3,400 MW additional capacity 
required over the decade 2000-2010, should Thailand decide to opt for hydropower 
and agreements could be finalized on the development of the mainstream projects.

4.30 Electricity supply in Viet Nam is split between three regions, north, central 
and south. The northern region is the largest in terms of demand and supply, 

but the southern region, the second largest, is the more important in the 
framework of Mekong resource development. The per capita power consumption 
figure for the south indicates substantial suppressed demand, suggesting that 
consumption is supply-driven rather than demand- pulled. The central region is 
relatively small. The transmission networks in the three regions are unconnected 
and will remain so for some time to come. Total electricity production in Viet Nam 
in 1986 was reported to be 6,000 GWh, of which 58% in the north, 5% in the 
central region and 37% in the south. The central region includes the Upper Se San 
and Upper Sre Pok basins which are part of the lower Mekong basin. The Yali 
Falls projects in this study (see Chapter 7) are located in the basin. The southern 
region includes the delta and Ho Chi Minh City. This is where the market for the 
Sambor project, the most downstream project of the Mekong Cascade, would be.

4.31 Generation requirements in the southern region will increase from 626 MW 
and 2,200 GWh in 1986 to 1,175 MW and 5,672 GWh by 2000, and to 2,395 

MW and 12,825 GWh by 2010. These are large increases but not enough to justify 
major projects in the medium term. However, according to the forecast of the 
Vietnamese Ministry of Energy, the generation requirements in the southern 
region are 2,100 MW and 10,000 GWh in 2000, and 3,800 MW and 20,000 GWh in 
2010. To meet this increase necessitates construction of some large power projects, 
of which the large Yali Falls project, with its ability to supply the central region as 
well as the Ho Chi Minh City area and the Mekong delta, is a promising candidate.

4.32 According to the 1970 plan, the technical hydropower generation potential of 
the lower Mekong basin, excluding the delta, was 150,000 GWh. In 1984, 

WATCO (ref. 37) listed 17 projects with a hydropower component for which a 
prefeasibility or feasibility study was available, and 132 projects for which a desk 
study had been carried out. The total production figures amounted to 3,500 MW 
and 16,000 GWh for the 17 projects, and to 34,000 MW or 170,000 GWh for the 
132 projects. The two corresponding figures of 150,000 GWh and 186,000 GWh lie 
fairly close to each other (especially if it is realized that not all the projects 
identified will prove viable) and have to be compared to the demand of the 
countries concerned. Table 10 indicates that for Lao PDR, Thailand and the 
southern region of Viet Nam, the total demand is expected to rise by about 80,(XX) 
GWh between 1986 and 2010.
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4.33 In conclusion, the demand for additional electrical energy in the basin area is 

expected to increase in patterns similar to those in the past, with the highest 
growth rates to be experienced in Viet Nam in the short to medium term. The 
largest hydropower potential is on the mainstream; besides, on the tributaries, 
substantial potential is available in the Lao PDR. Within the basin in Thailand the 
potential is rather limited, while in Viet Nam, the potential is a little larger. For the 
foreseeable future the potential still exceeds the demand within the basin and 
could be exported. Provided that international cooperation in the basin is there, 
hydropower can be the driving force for basin development.

C. Forestry

4.34 Around 1970, the lower Mekong basin’s forests covered more than 50% of 
the basin area. Under increased population pressure and consequent changes 

in shifting cultivation patterns this area has been dwindling fast. Approximately 8.5 
million of the 46.3 million people in the basin depend on shifting cultivation. The 
total area affected is around 175,000 km2, almost 30% of the basin area. It is 
estimated that in 1985 only 27% of the total land area was forested.

4.35 The tropical rainforest grows on heavy leached wet tropical soils, which are 
very infertile. Most of the nutrients are incorporated in the forest itself. The 

hill evergreen forests have a lower biomass than the tropical rainforest, 231 
t/ha compared to 350 t/ha. Coniferous forests are not abundant in the basin. 
Mangrove forests are important breeding and nursery grounds for crabs, fish and 
shrimps. They also play an important role in land reclamation and erosion 
prevention in the delta. Freshwater swamp forests play an important role in the 
extremely rich fishery of the Great Lake, which has been considered one of the 
most productive freshwater ecosystems in the world. Recent clearing of these 
forests, in the second half of the seventies, for conversion to paddy fields, seems to 
have increased siltation and lowered fish production. Further clearing may lead to 
a serious fall in fish stocks in the lake.

4.36 Of the mixed deciduous forests most trees lose their leaves in the dry season. 
They include important economic species such as Tectona grandis (teak).

The total biomass of these forests is around 77 t/ha. The dry dipterocarp forest has 
a still lower total biomass of 66 t/ha. Large areas of former dry dipterocarp forests 
have become savanna grasslands due to repeated annual burning.

4.37 Estimated potential roundwood production in 1985, including plantation 
production, in the four basin countries amounted to approximately 79 million 

m3. Roundwood consumption in 1982 was 115 million m3/year, of which 107 
million m3 was for fuelwood. Kampuchea and Lao PDR will still have a large 
surplus of wood by 2000, respectively 19 and 15 million m3/year. This might be 
exported. Northeastern Thailand and Viet Nam’s delta face a further increase in 
the deficits.

4.38 Steps have to be taken to stop further destruction of the forest resource base. 
Alternative energy supply strategies are needed in order to improve the living 

conditions of the basin’s people, and sustainable agro-forestry systems should 
urgently be developed, especially in watershed areas, to stop erosion, 
sedimentation and further deterioration.
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D. Fisheries

4.39 The basin’s fisheries are of great economic and dietary importance. Fish is the 
primary source of animal protein. Fishery provides employment to an 

important section of the population.

4.40 The three principal fishery forms are: (a) commercial fisheries, operating 
large-scale traps to harvest fish in the inundation zones of the flood plains, as 

the water recedes, and in-shore trawling and netting operations in the coastal and 
estuarine waters; (b) artisanal fishery, often comprising one or two fishermen with 
a small boat, a drift net, a few gill nets, a small trap or a lift net; (c) subsistance 
fishing, which is practised by almost everyone who has access to water. Virtually 
all agrarian families living close to water are also part-time fishermen. Aquaculture 
is practiced by numerous small-scale farmers, and commercial aquacultural 
enterprises are common. The most recent basin-wide estimate for fish production, 
dating from 1973 (University of Michigan, ref. 35), is presented in Table 11. From 
this table it is clear that the delta fishery is the most productive.

4.41 Water resource development will affect the size and composition of the 
fishery potential. Dam construction upstream will change the pattern and 

extent of the floods. The inundated areas are the most productive in a freshwater 
fishery. There will be losses in production or production potential from areas 
where flooding is prevented or reduced. On the other hand, the new reservoirs 
have a potential for fishery development.

4.42 Prevention of salt intrusion in the delta is likely to have a severe effect on 
brackish water, estuarine and even coastal fisheries production. Land use 

alternatives have to be worked out in order to mitigate these effects. Studies 
should investigate whether land uses other than rice growing are not more 
profitable. One may consider, for example, the use of salinity intrusion in the way 
that it has been developed by the Vietnamese who farm shrimp in the dry season 
and paddy in the rainy season. One goal might be to improve that system to make 
it more productive.

4.43 Fish production losses may be met by increased aquaculture production, 
already under development. The extent and pace of this development will be 

influenced by the development of intensive agriculture, which uses more fertilizers 
and pesticides. Thus, sound scientific management alternatives have to be 
elaborated in order to provide adequate sustainable food supplies for a rapidly 
growing population.

Table 11. Estimated annual catch from the lower Mekong basin fisheries for 1973

Annual catch (t) 
Lower estimate Upper estimate

Upstream freshwater fishery (above Khone Falls) 95,000 95,000
Reservoir fishery 13,000 13.000
Downstream freshwater fishery 195,000 245,000
Brackish and estuarine fishery 156,000 156,000

Total 459,000 509,000
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E. Navigation

4.44 The lower Mekong is navigable from its mouths (km 0) up to Kratie (km 547) 
and from Kinak (km 733) to Chiang Saen at the Burmese border. Between 

Kratie and Kinak, navigation is impeded by a series of rapids and the Khone Falls, 
the latter forming an insurmountable barrier which used to be negotiated by a 
transfer system using a railway line on Khone island. For all practical purposes, 
present inland water transport is divided into two separate systems: (a) navigation 
upstream of the Khone Falls, and (b) delta navigation, a mixed maritime (Mekong 
and Bassac rivers) and inland waterway system.

4.45 Navigation upstream of the Khone Falls is essentially related to the Lao PDR 
transport system. The Thai transport system inside the basin is, except for air 

travel and some passenger traffic on the Mekong, entirely land-based and focused 
on Bangkok and its port.

4.46 The Lao-Thai border-crossing, or cross-haul, traffic is of vital importance to 
Lao-Thai trade, but it is essentially part of the road transport system. No 

fully reliable statistics or survey data are available, but indications are that total 
Lao PDR import-export flows are 150,000 t/year, nearly all of which are imports. 
One third currently go via Danang and two thirds via Bangkok. Of the imports via 
Danang, some 40,000 t/year are transported from Savannakhet to Vientiane, some 
8,000-10,000 t of which, or only 25%, via the river. In the downstream direction, 
only 5,000 t/year are transported on this section of the river. Imports and exports 
via Bangkok cross the Mekong by ferry and go by road or rail.

4.47 River traffic between Vientiane and Luang Prabang is in the order of 4,000 
t/year, both upstream and downstream. River transport on the remaining 

sections upstream of Khone Falls is negligable.

4.48 The delta waterway transport system consists of various levels of traffic: 
seagoing (coastal), feeder and inland traffic, either international or national.

The system connects Phnom Penh, My Tho, Vinh Long, Cao Lanh, Can Tho and 
Long Xuyen to the sea (maritime traffic) via the Mekong and Bassac rivers and 
these same ports as well as Rach Gia, Ha Tien, Soc Trang, Bac Lieu, Ca Mau, Cao 
Lanh, Tan Chan, Tra Vinh, Chau Doc and other ports via canals to Ho Chi Minh 
City.

4.49 Current inland waterway transport in the delta is about 6-7 million t/year, or 
52% of total cargo flows. Growth since 1981 has been in the order of 10- 

12%/year. Recent estimates of seagoing transport are 0.15-0.25 million t/year.

4.50 If locks or inclines were provided at all dams in the long-term Mekong 
Cascade, there would be a continuous navigable waterway of ample depth 

from the Mekong and Bassac mouths up to Chiang Saen. The waterway would be 
improved in two ways: (a) by reservoir submergence of the Khone Falls and many 
rapids and shallow and difficult passages in the river, and (b) by flow regulation 
resulting in increase in least available depth and reduction of high flood discharge 
velocities downstream of the cascade. Sailing times and traction ratios would be 
much reduced.

4.51 However, for the foreseeable future (say the next 10-15 years), mainstream 
development is expected to be limited to Low Pa Mong. This dam and 

reservoir will only submerge part of the current waterway between Pa Mong and 
Sayabouri, will provide only limited increase in least available depth downstream, 
and would require a relatively expensive lock, lift or cargo transfer system to 
accommodate a currently very small cargo flow.
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4.52 The 1970 plan saw great potential for water transport in conjunction with the 

development of agriculture, mining and industry in the basin. However, only 
the delta has seen an increase in such transport. Elsewhere, transport has declined 
and large-scale mining has thus far not materialized. In principle, the potential 
remains large, but it may be difficult to develop, as the large-scale development of 
the waterway depends on the demand for power and the conclusion of 
international agreements on the construction and operation of the power plants. In 
the absence of a well developed waterway other transport systems will develop. If 
then at a later stage the Mekong Cascade is realized, the investment required to 
develop the waterway (locks, ship lifts, etc.) may not be justified in view of 
insufficient demand for waterway transport.

4.53 For the short to medium term, the potential for navigation upstream of the 
Khone Falls lies in a possible shift of import/export flows in favour of 

Danang. A large portion of such an increase could be transferred to inland 
waterway transport between Savannakhet and Vientiane provided steps are taken 
to leave river transport an economic and financial edge (cost-reducing measures 
and appropriate tariff structure). In the light of this potential, measures are 
necessary, first, to improve shipping and port organization to increase the 
efficiency of the existing fleet and port infrastructure, and to adjust the tariff 
structure in favour of waterway transport; second, to rehabilitate the fleet; and 
third, to improve the waterway by dredging and channel marking.

4.54 The potential in the delta has not been reliably quantified in recent times. 
However, considering present demand, its recent growth, and the unique 

role both inland and maritime navigation play in the delta, its potential, especially 
for bulk goods like rice, petroleum products and cement can be said to be very 
large. A navigation sector study for the delta is needed (see Chapter 9).

F. Water supply

4.55 Although water supply is part of the Committee’s brief as written into its 
statute, so far little or no attention has been paid to the development of (raw) 

water supplies for domestic and industrial purposes. Information is scarce, and as 
far as it is available or could be collected from outside agencies, it refers only to 
Thailand.

4.56 Water is in short supply in Northeastern Thailand. In this the driest part of 
the basin, with an average population density (1985) of 105/km2, the area is 

particularly vulnerable in the dry season and in dry years. In 1987, for example, 
there were severe and prolonged water shortages, a situation which should be 
regarded with the utmost concern. Data from the Provincial Waterworks 
Authority of Thailand suggest that only 130,(XX) households, or 4% of the 
population, have access to piped water. Most village water supplies in the dry 
season are derived from the villages’ own wells and small tubewells. However, 
press reports suggest that most northeasterners had to go to extreme effort or 
expense to obtain water in 1987. Thus such wells are still insufficient or unable to 
cope with a severe drought. For Northeastern Thailand a comprehensive plan, 
directed at an optimal and integrated use of the available groundwater and surface 
water resources, including the Mekong water, is urgently required. The land and 
water resources master plan study for Northeastern Thailand would address this 
issue (see Chapter 9).
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4.57 No data is available on water supply in the Kampuchean, Lao PDR and 

Vietnamese parts of the basin. However, high population densities, a long 
dry season and saline intrusion can cause the population in many parts of the delta 
to suffer from sometimes acute lack of potable water. The 1970 plan pointed out 
that the people in large parts of Kampuchea suffer the same fate as their 
neighbours in Northeastern Thailand.

4.58 The potable water supply situation in the basin is thus very unsatisfactory.
That this constitutes a major health hazard is clear. Calculated on the 

relatively modest standard of 1001/day, the year 2000 population of around 57 
million will require 2,100 million m3/year, only 0.44% of the Mekong’s annual 
mean runoff, but in areas like Northeastern Thailand, representing some 5% of an 
extreme dry year annual runoff. When compared to the estimated current 
diversion requirement for the northeast’s 500,000 ha irrigation area (cropping 
intensities say 100% in the wet season and 25% in the dry season) of 4,000-5,000 
million m3, drinking water requirements for that region of say 1,000 million m3 in 
2000 become more significant and indicate that there will be competition for water.
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5 Long-term perspective

A. The Mekong: shared resource

5.01 The waters of the Mekong river constitute a vast resource that can be 
mobilized in the pursuit of the basin’s development. The river is an 

international resource, and development based on using its waters is inevitably 
complex. This complexity is made greater by the large social, technical and 
economic differences between the riparian countries, whose individual needs and 
priorities with respect to the Mekong’s water are correspondingly different.

5.02 The Lao PDR has a small population (equal to about 6% of that of 
Thailand), and is not yet intensively developed (the Lao GDP is equal to 

about 1.5% of that of Thailand). The demand for power in the country is 
accordingly small, and though increasing rapidly, will remain small when 
compared to the potential of its water resources and the demand in its 
neighbouring countries. To the-Lao PDR the development of the Mekong’s water 
resources would therefore not feed the economy directly. The bulk of the 
hydropower generated, as the country’s proportional share in a project to harness 
the Mekong’s mainstream for hydroelectricity, would be sold to a nearby country. 
In view of the limited potential for alternative sources of foreign exchange 
earnings, power exports are and will continue to act as a powerful carrier of 
development to the Lao PDR.

5.03 For Thailand, however, the need for irrigation water, both for the dry season 
and to cover dry spells in the wet season, and water for domestic use are of 

paramount importance. Development of multipurpose projects on the mainstream 
would provide hydropower which would yield the returns necessary to justify the 
large expenses of constructing mainstream dams as well as provide the water 
required to raise agricultural production, meet the needs of domestic supply, and 
alleviate poverty.

5.04 The importance of the Mekong’s water resources is different again in Viet 
Nam. The Mekong impedes the development of the delta by flooding large 

areas during the high-discharge season, yet contributes to its development by the 
supply of large volumes of fresh water, used largely for irrigation. Careful 
adaptation of farm practices to the natural conditions in the delta is now nearing 
the limits of agricultural development. A programme already started foresees 
increasing protection against salinity intrusion by building salt barriers along the 
river’s branches in their estuarine reaches, and by constructing of closing structures 
on creeks and water outlets. However, the supply of fresh water for irrigation 
during the dry season, the increase of low flow for salinity protection and flood 
control are gradually becoming essential for agricultural development in the delta. 
This can only be achieved in an integrated fashion through the construction of 
regulation reservoirs on the Mekong upstream of the delta or through damming 
the Tonic Sap to regulate the Great Lake in Kampuchea. The upstream 
development has international dimensions and requires international consultation, 
co-ordination and decision making.
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5.05 As far as Kampuchea is concerned, little information is available on the 

consequences of mainstream development. What is known is that there is 
identified potential for three large regulatory structures in the country: the Sambor 
dam and power station, the Stung Treng dam and power station, and a barrage 
across the Tonle Sap at Prek K’dam. The storage at Stung Treng would be huge 
and at Sambor small, while the barrage at Prek K’dam would modify the natural 
storage function of the Great Lake to effect a large dry season river flow increase 
in the delta. In the case of Stung Treng and Sambor the development is intimately 
connected with the development of power demand in Thailand and Viet Nam, 
where the power would be marketed, while in all three cases the increased low 
flow would be “marketed” in the delta, where development would determine the 
value to be attached to such low flow increase.

5.06 Sites for storage reservoirs and other regulatory works have been identified 
long ago. To bring some order to these possibilities, the 1970 plan set out to 

inventorize and compare them, and tie them together in a logical long-range 
sequence of development.

5.07 The plan thus established what has become known as the “Mekong 
Cascade”. Sections B and C of this chapter review the cascade in some detail.

They argue that the large storage reservoir of Pa Mong, with full storage level at 
250 m elevation (FSL 250), proposed in 1970, is no longer tenable owing to the vast 
resettlement problems connected with the scheme. Instead, the cascade is now 
proposed to be headed by the twin scheme comprising Pa Mong, at a yet to be 
determined full storage level between 205 m and 220 m, and the upstream Upper 
Chiang Khan.

5.08 The technical and economic properties of the cascade, the long period of 
stagnating or low economic growth in a part of the basin, the competition for 

development exercised by larger and smaller tributary projects under national 
command, and the complex international dimensions of the cascade have given its 
implementation a much longer time horizon than envisaged in 1970.

5.09 For the foreseeable future, the implementation of a Low Pa Mong project, 
with perhaps a subsequent and complementary Upper Chiang Khan scheme, 

would appear to be a realistic aim. Pa Mong may come on stream early next 
century, Upper Chiang Khan perhaps a decade later. Their precise timing, as well 
as the timing of a large and economically highly efficient tributary project such as 
Nam Theun 2, is hard if not impossible to project and will depend on complex 
international negotiations and fulfilment of the needs of the countries concerned.

5.10 The time frame with respect to the other elements of the cascade is even 
harder to judge, though in all probability none of them will be built prior to 

the three schemes mentioned above. The odd one out here is the Tonle Sap 
project, which (1) potentially has a powerful impact on the low flow of fresh water 
in the delta, (2) is located far downstream and therefore interferes very little with 
upstream developments, and (3) is of international consequence only to 
Kampuchea and Viet Nam.
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5.11 The next sections of this chapter examine the cascade in greater technical 

detail. Chapter 6 appraises and compares Low Pa Mong with Nam Theun 2 
and Nam Ngum 2, the international projects that are likely to be the first ones to 
be developed. Of these only Low Pa Mong belongs to the cascade.

B. The Mekong Cascade

5.12 Mainstream development would regulate flows by a system of reservoirs. The 
excess flow stored during the wet season would reduce the severity of the 

natural floods and would allow land to be irrigated during the dry season. 
Furthermore, with the installation of power plants, it would be possible to use 
practically the whole head of the Mekong river between Chiang Saen (at the 
Burma — Lao PDR — Thailand border) and the sea to produce large amounts of 
electricity. Such a scheme has been termed the Mekong Cascade.

5.13 During the preparation of the 1970 plan the following mainstream 
hydropower projects were considered: High Pak Beng, Low Pak Beng, High 

Luang Prabang, Low Luang Prabang, Sayabouri, Pa Mong, Bung Kan, Upper 
Thakhek, Lower Thakhek, Khemarat, Ban Koum, Pakse, Khone Falls, Stung 
Treng and Sambor. Of these only High Pak Beng, High Luang Prabang, Pa Mong 
and Stung Treng have large storage capacities. The remaining projects are run-of- 
the-river type with pondage providing only for daily, weekly or monthly regulation 
of flows.

5.14 Many project possibilities being mutually exclusive, various different 
development plans concerning the whole reach of the Mekong river were 

defined and compared. These comparisons indicated that the combination of the 
projects High Luang Prabang, Sayabouri, Pa Mong, Upper Thakhek, Ban Koum, 
Stung Treng and Sambor was the most promising.

5.15 In 1984, WATCO (ref. 38) reexamined the 1970 conclusion in the light of the 
latest developments in the basin. It was found that this conclusion was still 

technically valid. However, it is argued below that the Pa Mong project as 
proposed in 1970 is no longer socially acceptable.

5.16 The High Luang Prabang dam would be 11 km upstream of Luang Prabang.
The site is readily accessible both by road and river. The proposed concrete 

gravity dam has a crest length of 1,667 m and a maximum height of 93 m. Three 
earthfill dams of from 20-40 m maximum height are required to close low gaps in 
the reservoir rim. The reservoir so created would extend upstream to the vicinity 
of Chiang Saen and provide for a net storage volume of 10,700 million m3. The 
power house, with an installed capacity of 2,750 MW, would be located at the toe 
of the dam.
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5.17 The Sayabouri site lies about 20 km upstream of the confluence of the 

Mekong and Nam Met rivers. A concrete gravity dam of 53 m maximum 
structural height and 700 m length at its crest would create a net storage volume of 
100 million m . The installed capacity would amount to 900 MW.

5.18 Pa Mong 250 would occupy a central position in the development of the 
basin. It would not only directly command irrigation of extensive areas in 

Lao PDR and Northeastern Thailand and produce great amounts of electricity but, 
because of its upstream location and huge storage capacity, it would also improve 
the viability of all the downstream projects.

5.19 The key element of this project is the large reservoir that would be created by 
building dams on the Mekong and its tributaries, the Nam Mong and Nam 

Lik. Note, however, that in the present study, as suggested by SMEC in 1982 (ref. 
43), the Nam Mong and Nam Lik valleys are excluded from the reservoir. 
Nevertheless, net storage still amounts to 48,340 million m3.

5.20 Maximum use of the head available at Pa Mong would call for realization of a 
scheme with FSL at 250 m. Unfortunately, the construction of such a scheme 

would require the resettlement of a large population. Consensus is shaping that 
such a project is no longer feasible. Reducing the FSL to 230 m does not improve 
the situation substantially. One alternative may be to use the available head in two 
stages, the upper one called Upper Chiang Khan, and the lower one, Low Pa 
Mong. Reservoir operation studies have been performed for a well defined 
combination of schemes, but the location of the upper dam, the FSL and the 
installed capacities are only preliminary.

5.21 This alternative for development of the head at Pa Mong leads to a new 
definition of the Mekong Cascade. The Upper Chiang Khan and Low Pa 

Mong combination replaces Pa Mong 250. Accordingly the cascade now comprises 
eight schemes: High Luang Prabang, Sayabouri, Upper Chiang Khan, Low Pa 
Mong, Upper Thakhek, Ban Koum, Stung Treng and Sambor. Their main 
characteristics are as shown in Table 12. Figure 7 gives a graphic presentation.

Table 12. Main characteristics of the Mekong cascade

Name of project
FSL
(m)

LWL
(m)

Net storage 
volume (106 m3)

Head
(m)

installed 
capacity (MW)

High Luang Prabang 355 335 10,700 74 2,750
Sayabouri 275 270 100 18 900
Upper Chiang Khan1 250 230 5,150 39 1,500
Low Pa Mong1 210 192.5 7,310 41 2,250
Upper Thakhek 155 150 3,650 13 1,100
Ban Koum 130 128 1,400 34 3,300
Stung Treng 88 81 46,500 44 7,200
Sambor 40 38 2,050 27 3,250

1Pa Mong 250, as proposed in 1970 in place of these schemes, had LWL at 220 m, 48,340 million m3 net 
storage volume, 77 m head, and 4,800 MW installed capacity.
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Figure 7. Lower Mekong river profile showing cascade of 1987
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5.22 The Upper Thakhek site lies just above the Nam Songkhram confluence, 

about 60 km upstream of Thakhek. The dam would consist of a concrete 
central part flanked by rockfill embankments. The spillway and the power plant 
would be located in the central portion. The installed capacity would amount to 
1,100 MW and the reservoir created would have a net storage of 3,650 million m3.

5.23 The Ban Koum site is located 14 km upstream of the Nam Mun confluence.
It would feature a concrete gravity dam in that part of the river where hard 

rock reaches the surface. The power plant would be placed on the right bank of the 
river, with the spillway occupying the river section and left bank, and a rockfill 
embankment extending from the concrete gravity section to each abutment. The 
installed capacity would be 3,300 MW and the net storage 1,400 million m3.

5.24 Stung Treng would be the largest project on the Mekong river. The site lies 
just downstream of the Se San confluence, near the town of Stung Treng.

With a dam 77 m high, the reservoir would cover extensive areas and have a net 
storage capacity 46,500 million m3. This huge storage volume allows for a very 
strong regulating effect.

5.25 The site is in a fairly narrow section of the river, where the banks are about 
1,000 m apart. The main section of the dam would not be long but extensive 

diking would be required on both banks. The overall crest length would be about 
28 km. The power house and spillway sections of the dam, on the right bank, 
would be of the concrete gravity type; the flanking sections would be earthfill or 
rockfill. The installed capacity would amount to 7,200 MW.

5.26 The Sambor project would be located 147 km downstream of Stung Treng 
and 560 km from the sea measured along the river. It would be essentially a 

run-of-the-river power project. Being an attractive project, it has been the object 
of several studies, the last one being a comprehensive feasibility report issued in 
1969 (ref. 84).

5.27 The proposed 54 m high dam would provide a net storage volume of 2,050 
million m3. The dam would have earthfill, rockfill and concrete sections. The 

section across the main river channel would be rockfill, with a concrete power 
plant and spillway section to the right of it. The overall crest length would amount 
to 30 km. The installed capacity would reach 3,250 MW.

5.28 Although the Upper Thakhek and Ban Koum projects still feature in the 
above description of the cascade, a word of caution is called for, as a result of 

the reduced storage volume in the Upper Chiang Khan/Low Pa Mong 
configuration. The lesser degree of regulation provided by the cascade in the 
present plan will undoubtedly have a bearing on the economic attractiveness of the 
downstream dam projects. It is uncertain at this stage whether and to what extent 
designs could be adjusted to suit the changed condition. Although these changes 
will have an adverse influence on the economics of these projects more detailed 
information is required before such effects can be quantified within reasonable 
margins of accuracy.
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5.29 Estimated energy outputs as resulting from reservoir operation studies 

realized for the modified cascade are summarized in Table 13 and compared 
with similar studies for the original cascade. The simulation extended over a period 
of 19 years, corresponding to the longest duration for which runoff records were 
available for all the projects. The replacement of Pa Mong 250 by Upper Chiang 
Khan and Low Pa Mong reduces the firm energy production (see Appendix 2) of 
the complete cascade from 97,000 GWh to 75,000 GWh, or by roughly 20%. For 
average energy production, the corresponding figures are 120,000 GWh and 
110,000 GWh, or a reduction of about 10%. Within this context, it should be 
mentioned that, even with the two-stage development, the potential of the 
Mekong Cascade remains immense.

Table 13. Energy production from the 1970 and 1987 cascades

Cascade Mean 
total net

Total 
installed

Power (MW) Energy (GWh/year)

head capacity Firm Average Firm Secondary Average
(m) (MW)

1970, 7 schemes, 
including Pa Mong 250 286 23,300 11,080 13,664 97,060 22,640 119,700

1987, 8 schemes, with
Pa Mong 210 and Upper
Chiang Khan 250 290 23,250 8,600 12,540 75,340 34,530 109,870

5.30 The potential is thus considerable in relation to the forecast incremental 
energy demand from 1986 to 2010 (about 65,000 GWh/year for Thailand,

900 GWh/year for Lao PDR, and 10,500 GWh/year for the southern region of Viet 
Nam). Another point of interest is the high proportion of firm energy production 
of this cascade: more than 80%. This fact further underlines the attractiveness of 
the schemes.

5.31 Preliminary low flow analyses for Kratie, or, which is the same, Sambor 
downstream side, for the situation with and without the cascade show most of 

the key indicators increasing by 3,800-4,400 m3/s. Although significantly less than 
the cascade of 1970 (see Table 14), the incremental flows still represent more than 
double the low flows in the natural situation and would, taking into account the 
sharing of the use of low flow increases among the basin countries, still allow 
development of a major part of the delta. Moreover, implementation of the Great 
Lake/Tonle Sap project (barrage at Prek K’dam) would on its own provide an 
additional low flow increase of 2,500-2,700 m3/s.
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Table 14. Low flow characteristics at Kratie with and without cascade development

Situation Mean January-May (m3/s)
annual ------------------------------------------------------------- ■----------------------  

flow Mean for Minimum Individual months1 Entire period1
(m2/2) Jan-May mean----------------------------- ----------------------

monthly 100% 90% 90% 80%

Natural conditions 13,202 2,647 1,903 1,357 1,947 2,026 2,198
Cascade of 1970 13,202 8,285 7,746 5,115 7,465 7,900 7,986
Cascade of 1987 13,202 6,906 6,180 l,9072 5,751 6,440 6,594

1With percentage reliability.
2With a very small reduction in firm power this could be raised to 3,000-4,000 m3/s.

5.32 Finally it is noted that the cascade would substantially reduce the severity of 
floods. Pa Mong 250 would be most effective in reducing floods in the Lao

PDR and Thai reaches of the river, while Stung Treng would be the most effective 
with regard to flood control in the delta. However, given the unacceptability of Pa 
Mong 250, the difference in net storage of the two cascades, 112,740 million m3 for 
the cascade of 1970 compared to 76,860 million m3 for the cascade in this plan, 
means that flood control as exerted by the cascade of 1987 would be appreciably 
less, especially in the Lao PDR and Thai reaches of the river, but also in the delta.
The other projects, with the exception of High Luang Prabang, would have no 
flood control value. In any event, even with the full cascade of 1970 in place, flood 
control in the delta would not be complete. The cascade would only reduce 
inundation depths, not prevent inundation. Embankments in the delta would be 
needed to complement the effect of the cascade to achieve more or less full 
protection.

C. Possible early developments

5.33 The 1970 plan envisaged construction of almost the entire cascade, with the 
exception of Sayabouri and Upper Thakhek, within some 20 years (Sambor 

commissioned as the first project in 1981, High Luang Prabang as the last in 1999), 
but the current market for power in the basin and the political and financial 
realities will force even the most optimistic planner to admit that such a 
perspective is no longer realistic, if it ever was.

5.34 Pa Mong is clearly the most extensively studied project (at various levels) of 
the mainstream cascade and Low Pa Mong would probably be the first 

project to be developed. However, even if from now on everything proceeds 
without a hitch, the dam would not be commissioned before 2003 at the very 
earliest. Construction of a next step of the cascade would probably not commence 
before Low Pa Mong was completed. Such a next step would most logically be 
immediately upstream of Low Pa Mong.

5.35 Other attractive projects in addition to Pa Mong, like High Luang Prabang, 
Chiang Khan, Stung Treng, and Sambor, will need to be further evaluated, 

reviewed and updated during the dam and reservoir configuration study.
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6 Options for the shorter term

A. Project selection

6.01 The Mekong Cascade discussed in the previous chapter is clearly a possibility 
to consider for the international development of the lower Mekong basin in 

the long term. In the shorter term, it has long been recognized that the most 
promising potential starter project in the cascade is Pa Mong. However, the 
projects of the cascade are by no means the only ones with an international impact: 
there are also some large tributary projects which have an international dimension, 
in that their location in Lao PDR means that the bulk of the power output needs to 
be exported. Of the tributary projects, Nam Theun 2 and Nam Ngum 2 were 
retained for examination in more detail (see Figure 8).

6.02 Pa Mong would be a mainstream project situated on the Thai — Lao border.
The site is suitable for a wide range of full storage levels. Originally intended 

to be a large regulatory storage reservoir with FSL of 250 m, the size of the project 
has shrunk because of the vast resettlement problems connected with any full 
storage level in excess of about 220 m. It has thus now been reformulated as a twin 
scheme consisting of a Low Pa Mong with FSL between 205 m and 220 m, plus a 
complementary upstream project at Chiang Khan. Comprehensive feasibility 
studies to be undertaken in the near future will have to investigate and appraise a 
range of configurations for the combined scheme and their multipurpose 
consequences. For the purpose of the present study, Pa Mong is investigated at 
FSL 210 m. Upper Chiang Khan is not appraised, although its potential influence 
was examined in the Pa Mong reservoir operation studies.

6.03 A comparative study on Nam Theun 2 and Nam Ngum 2 was completed in 
1987 (ref. 65), but there are still substantial uncertainties with regard to both 

schemes, and feasibility studies are required before final decisions can be taken. 
As will be pointed out later in this chapter, Nam Theun 2 appears to be 
significantly superior to Nam Ngum 2, for which it may not yet be necessary to 
undertake a feasibility study. Moreover, Nam Theun 2 positively affects the 
freshwater low flow from the Nam Hin Boun confluence down to the delta.

6.04 The three projects are formulated in this report as hydropower projects based 
on existing formulations and available information. It has not been possible 

to attempt any reformulation or reoptimization. The above, however, does not 
imply that other benefits have been ignored. Low Pa Mong and Nam Theun 2 
would have additional benefits in the form of an increase of the river flow in the 
dry season which could be used, mainly downstream of the dam, in all four riparian 
countries, but particularly in Northeastern Thailand and in the delta, as in these 
two areas the needs are greatest. More on this will be said in Section E, which 
contains a comparison of the three projects. Future studies will have to determine 
to what extent a reformulation of Low Pa Mong could meet Thailand's objectives 
of supplying mainstream water to the northeast; more on this is said in Chapter 9.



6.05 This chapter does not attempt to schedule the projects and project 
investment over time. It discusses rather the major technical, operational and 

economic aspects of each project, and some of the comparative advantages and 
disadvantages. This report does not propose a choice. For appraisal methodology, 
reference is made to Appendix.

B. Pa Mong 210 project

General

6.06 The Pa Mong scheme is on the Mekong some 20 km upstream of Vientiane. 
The river there forms the border between the Lao PDR and Thailand.

Topographically the site offers the possibility to create a huge reservoir of up to 
100 billion m3. Pa Mong has been considered for more than 20 years as the key 
project in the development of the lower Mekong basin.

6.07 Several major studies have been undertaken on the project, dating back to 
1963 and even earlier. The basic scheme featured a reservoir with a full

supply level at elevation 250 m. Such a reservoir would have inundated an area of 
3,700 km2, in which about 250,000 people would live in 1995. Several objections 
were therefore raised, and studies were undertaken by the Mekong Secretariat to 
find a solution which would have a smaller impact. Key parameters are shown in 
Table 15.

Table 15. Salient features of Pa Mong at various full supply 
levels

Reservoir elevation (m FSL)

250 230 210

Gross storage (106 m3) 61,120 29,250 10,080
Active storage (106 m3) 48,3401 21,930 7,310
Inundated area (km2) 3,700 2,100 609
Population to be resettled in 1995 253,000 123,000 43,000

1With Mong and Lik exclusion schemes.

6.08 During the comparative phase of the studies leading up to this report two 
alternatives were considered, 230 m and 200 m. The low Pa Mong allows the 

development of another site upstream, at Chiang Khan, just downstream from 
where the Nam Heung joins the Mekong. A comparison of the low Pa Mong (FSL 
200 m) in combination with the Upper Chiang Khan (FSL 250 m) shows that the 
output of this two-stage development is higher than that of a higher Pa Mong (FSL 
230 m), which would sacrifice the Upper Chiang Khan potential. This study, at the 
end of the comparative phase of the studies, (1) recommended that future work 
would focus on a Pa Mong with FSL in the range of 205-220 m, in conjunction with 
a possible dam at Chiang Khan, and (2) tentatively based the second and last phase 
of the study on a Pa Mong with FSL 210 m. The project is described further below. 
Outstanding issues and recommended action are dealt with in Section D of 
Chapter 9.
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Figure 8. Location of the power and multipurpose projects
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Salient features and cost

6.0 9 The catchment area at the site is 299,000 km2; mean annual inflow amounts 
to 135,600 million m3, equivalent to a mean flow of 4,300 m3/s; and the 

design natural flood peak amounts to 52,000 m3/s. The reservoir, with a full 
storage level and minimum operating level of 210 m and 192.5 m respectively, 
would provide a total gross storage of 10,000 million m3 and an active storage of 
7,310 million m3. The reservoir at full storage level would cover an area of 
1,050 km2.

6.10 The dam with FSL 210 m was scaled down from earlier studies and the data 
provided hereafter should therefore be regarded as tentative. The dam would 

be of the concrete gravity type, with a maximum height above foundation of 67 m 
and a crest length of 1,100 m. The spillway would be of the gated crest overflow 
type with 16 radial gates, each 17 m wide and 19 m high, and with a total capacity 
of 45,000 m3/s. Low level outlets with total maximum capacity of 700 m3/s are also 
included. The total volume of concrete is estimated at approximately 2,000,000 m3.

6.11 The power house would consist of two buildings, one on either side of the 
centrally located spillway, at the toe of the dam. Each power house would be 

110 m long and house five vertical units of 225 MW each. The conveyance system 
would comprise intakes, one for each unit, with trashrack and stoplogs operated 
from the dam crest and feeding into penstocks of 11.0 m diameter, 40 m long.

6.12 Project costs were estimated at 1987 US$ 2,066 million, of which US$ 698 
million for civil works, USS 362 million for electromechanical equipment, 

US$ 375 million for transmission system, US$ 287 million for physical 
contingencies, US$ 144 million for engineering and administration and USS 200 
million for resettlement (see Appendix 2). Additionally an estimated USS 8.7 
million would have to be spent annually on erosion control downstream, for a 
10-year period until a new equilibrium is reached. The construction period is 
estimated at 11 years, which, allowing for additional investigations, study and 
design, would allow the scheme to be commissioned in the year 2003 at the very 
earliest.

Benefits

6.13 The energy output, based on reservoir operation simulations, has been 
estimated at 10,660 GWh/year, of which 4,250 GWh firm energy and

6,410 GWh secondary energy.

6.14 The scheme would be operated in the way suggested by SMEC in 1982 (ref. 
43). During peaking hours, it would operate as a peaking plant, and during 

the off-peak hours, it would turbine at least 800 m3/s.

6.15 The baseload energy production, which represents a constant band of 300 
MW, was valued at US$ 124/kW/year for the dependable capacity and at USc 

2.25/kWh for energy (the equivalent being a coal-fired station). The peaking 
portion of energy production was valued at US$ 56/kW/year and USc 6.68/kWh 
respectively (gas turbine equivalent). For secondary energy a value of USc 
2.25/kWh was taken. The Lao share of the power generated could be used to a 
limited extent only in the domestic market; the bulk of the power would therefore 
have to be marketed in Thailand.

6.16 Pa Mong 210 would increase the river’s natural dry season flows. The 
estimated increase during the dry period would amount roughly to 260 m3/s 

(at a reliability level of 90%). These additional flows would permit irrigation of 
more land in the riparian countries.
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6.17 Other benefits, for flood control, fisheries and navigation, will be 

insignificant in economic terms when compared to power production.
Economically, the potential for irrigation directly from the reservoir needs to be 
studied in detail. However, irrigation by pumping from the river downstream of 
the dam and high flow diversion to existing reservoirs which frequently suffer from 
insufficient inflow may be options which Thailand could develop to satisfy the 
northeast’s demand for water. The dam would be an obstruction to navigation 
between Vientiane and Luang Prabang, currently carrying about 4,000 t/year both 
in upstream and downstream directions, unless a lock or lift were be built. Even 
then it might obstruct navigation during part of the construction period.

6.18 Pa Mong 210 is an international project shared between the Lao PDR and 
Thailand. At some point in the future therefore, international agreements 

will have to be concluded with respect to the apportionment of costs, benefits and 
water, as well as with respect to the rules of operating the reservoir.

6.19 The net present worth of Pa Mong 210 amounts to US$ 1,981 million (10% 
discount rate; year before commissioning). The economic internal rate of 

return (IRR) is a healthy 18.4%. The unit cost of energy at 10% discount rate is 
USc 2.50/kWh; the unit cost of capacity USS 1,066/kW.

6.20 It is recalled here that this study was tentatively based on Pa Mong 210; 
further study and reoptimization could well lead to somewhat different 

results.

C. Nam Theun 2 project

General

6.21 The Nam Theun river drains an area of 14,650 km2 before it reaches the 
Mekong and has an average annual discharge of 900 m3/s. The inventory of 

promising projects made by the Mekong Secretariat in 1970, based on those made 
in the period 1959-1961 with assistance from Japan, identified sites for three large 
projects in the lower part of the basin. In 1984 the Mekong Secretariat started a 
new appraisal of these projects and established a prefeasibility report for two 
projects: (a) Nam Theun 1, located close to the confluence with the Mekong, using 
the head created by a 220 m high dam and producing 9,270 GWh/year with an 
installed capacity of 2,000 MW, and (b) Nam Theun 2, located in the headwaters 
of the river, using the head of 370 m between a reservoir of about 5,000 million m3 
active storage and the Nam Kathang, a tributary of the Se Bang Fai river. Energy 
production was estimated at 5,730 GWh/year with an installed capacity of 
1,200 MW.

6.22 In 1987, the Mekong Secretariat revised the layout of the Nam Theun 2 
project. Simultaneously a prefeasibility study was initiated by the Ministry of 

Industry and Handicraft of Lao PDR and performed by Motor Columbus 
consultants of Switzerland. This study was still ongoing at the time of writing. The 
project is described further below. Outstanding issues and recommended action 
are dealt with in Section D of Chapter 9.
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Salient features and cost

6.23 The scheme now proposed would still have FSL at 530 m. The main dam has 
been placed more upstream than originally mooted. Also power conduits and 

power station have been located in another side valley, the Nam Hin Boun, so that 
the intake structure can be located in the downstream part of the reservoir. The 
Motor Columbus study referred to above adopted the earlier concept of diversion 
towards the Nam Kathang, a tributary of the Se Bang Fai (which joins the Mekong 
some 170 km downstream of the Nam Theun-Mekong confluence).

6.24 The catchment at the site is 3,950 km2; mean annual inflow amounts to 
6,500 million m3, equivalent to a mean flow of 206 m3/s; and the design 

natural flood peak amounts to 10,000 m3/s. The reservoir, with FSL at 530 m and a 
minimum operating level at 520 m, would provide a total gross storage of 
6,700 million m3 and an active storage of 4,000 million m3. The reservoir would 
cover an area of 530 km2 when full.

6.25 The main dam would be a zoned earthfill dam, with a maximum height above 
foundation of 40 m, a crest length of 330 m and a total volume of fill of

2,100,000 m3. The spillway would consist of a gated chute with six radial gates, 
15 m wide and 10 m high, and a total capacity of 5,000 m3/s. Apart from the main 
dam, 6.2 km of saddle dams, maximum height 25 m, and with a total volume of 
1,400,000 m3 fill, are required.

6.26 The water conveyance system, discharging into the Nam Hin Boun, which 
joins the Mekong some 120 km downstream of the confluence of the Nam 

Theun and the Mekong, would consist of a 700 m intake channel, twin 850 m 
inclined pressure tunnels with diameter 4.5 m, a 510 m tailrace tunnel, and a 
1,500 m tailrace channel. An as yet insufficiently investigated feature is a 4-5 km 
cave through which the Nam Hin Boun flows and which would have to take the 
entire turbine discharge. The power house would have four vertical units of 
150 MW, each operating under a mean head of 352 m. It would be located 
underground.

6.27 Project costs were estimated at 1987 US$ 615 million, of which US$ 287 
million for civil works, US$ 107 million for electromechanical equipment, 

US$ 77 million for transmission system, US$ 87 million for physical contingencies, 
USS 47 million for engineering and administration, and US$ 10 million for 
resettlement. The construction period is estimated at five years, which, allowing 
for additional investigations, study and design, would allow the scheme to be 
commissioned in 1997 at the earliest.

Benefits

6.28 The energy output, based on reservoir operation simulations, has been 
estimated at 4,650 GWh/year, nearly all of which firm energy, with only

60 GWh secondary energy.

6.29 The bulk of the power production of Nam Theun 2 would have to be 
exported; the Lao power market would absorb a fraction of it. This presents 

a problem with regard to the benefit estimation, i.e. the extent to which capacity 
value may be included in the benefits. To show the range of potential benefits, two 
extreme possibilities were selected. In the first case, credit is given to capacity only 
insofar as it would be used in the Lao domestic market. In the second case, credit 
for capacity is given for all the firm power generated by the project.
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6.30 Nam Theun 2 has a very high load factor. It could hence serve the base load 

in the domestic as well as in the export market. The equivalent thermal plant 
is accordingly coal-fired. In the case where no credit is given to capacity, only firm 
and secondary energy production are valued. Both types of energy are worth 
USc 2.25/kWh. In the case where full credit is given to capacity, capacity is worth 
US$ 124/kW/year, whereas energy valuation stays the same.

6.31 It was estimated that Nam Theun 2 would increase river flows during the dry 
season period by about 169 m3/s (at 90% reliability). This additional water 

could be used to irrigate more land in the riparian countries.

6.32 Fishery benefits were provisionally estimated at USS 1,500,000/year. Other 
benefits, like increased depth for navigation on the Mekong in the dry 

season, were not evaluated. Compared to the power benefits they would be 
insignificant.

6.33 When capacity outside the domestic market is not valued, the net present 
worth of Nam Theun 2 is USS 585 million (10% discount rate, year before 

commissioning) and the economic internal rate of return 16.9%. However, when 
capacity is fully credited the net present worth increases to USS 1,223 million and 
the internal rate of return to 38.3%. The unit cost of energy at 10% discount rate is 
USc 1.7/kWh and the unit cost of capacity US$ 1,171/kW. The energy price at 
which Nam Theun 2 would have the same rate of return as Pa Mong 210 is about 
USc 2.8/kWh, which is less than the price of USc 3.05/kWh agreed between the 
Lao PDR and Thailand for power exported from Nam Ngum 1.

6.34 Recent studies have confirmed that Nam Theun 2 can be constructed in a 
phased programme. The first phase would likely concern a small dam with 

power station, of the order of 100-150 MW, at an investment of approximately 
USS 150 million. A feasibility study on this possibility is due to start in the near 
future.

D. Nam Ngum 2 project

General

6.35 With a catchment area of 16,640 km2, the Nam Ngum is one of the major 
tributaries of the Mekong. Its potential is partly already used in the Nam 

Ngum 1 hydroelectric scheme, which controls a drainage area of 8,280 km‘ and has 
a mean annual discharge of 328 m3/s. In 1970 the Mekong Secretariat identified 
three other promising sites more upstream. Two of them arc economically 
interesting: (a) Nam Ngum 2, located just upstream of the present Nam 
Ngum 1 reservoir, using the head created by a 165 m high gravity dam and 
generating 2,060 GWh in an average year with an installed capacity of 400 MW, 
and (b) Nam Ngum 3, located upstream of the proposed Nam Ngum 2 reservoir, 
using the head created by a 235 m high arch dam and generating 3,080 GWh in an 
average year, with an installed capacity of 800 MW.

6.36 In the spring of 1987 the Mekong Secretariat updated the cost estimates of 
these two projects. Simultaneously there was a prefeasibility study of both 

projects initiated by the Ministry of Industry and Handicrafts of Lao PDR and 
entrusted to Motor Columbus of Switzerland. However, as it is generally agreed 
by all parties concerned that Nam Ngum 2 is economically far superior to Nam 
Ngum 3 only Nam Ngum 2 is included in this report. The layout proposed in 1970 
by the Mekong Secretariat is still valid. This layout has also been selected by 
Motor Columbus in their prefcasibility study. The project is described further 
below. Outstanding issues and recommended action arc dealt with in Section D of 
Chapter 9.
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Salient features and cost

6.37 The catchment at the site is 5,750 km2; mean annual inflow amounts to 
6,940 million m3, equivalent to a mean flow of 220 m3/s; and the design 

natural flood peak amounts to 6,200 m3/s. The reservoir, with FSL at 360 m and a 
minimum operating level at 322 m, would provide a gross storage of 5,400 
million m3 and an active storage of 3,600 million m3. The reservoir at full storage 
would cover an area of 119 km2.

6.38 The dam would be of the concrete gravity type with a maximum height above 
foundation of 172 m and a crest length of 425 m. No saddle dams are

required. The spillway would consist of gated chutes with ski jumps, total capacity 
6,200 m3/s. Two gated bottom outlets of total 1,000 m3/s capacity are included. The 
total volume of concrete is estimated at 1,600,000 m3.

6.39 The water conveyance system as envisaged consists of an intake with four 
openings with trashracks and stoplogs operated from the dam crest and four 

steel-lined penstocks, each 3.5 m diameter and 155 m long. The power house is 
incorporated in the toe of the dam and would be equipped with four vertical units 
of 100 MW each operating under a mean net head of 134 m.

6.40 Project costs were estimated at 1987 US$ 525 million, of which
USS 250 million for civil works, USS 90 million for electromechanical 

equipment, USS 65 million for transmission system, USS 75 million for physical 
contingencies, USS 40 million for engineering and administration, and USS 5 
million for resettlement. The construction period is estimated at five years, which, 
allowing for additional investigation, study and design, would allow the scheme to 
be commissioned in 1996 at the very earliest.

Benefits

6.41 When operated as an isolated plant, Nam Ngum 2 would produce on average 
2,059 GWh/year, of which 1,384 GWh are firm. Additionally, the combined 

operation of Nam Ngum 2 with the present Nam Ngum 1 would boost production 
at Nam Ngum 1. If one takes this fact into account, the average annual energy 
production to be credited to Nam Ngum 2 reaches 2,180 GWh, of which 1,580 GWh 
are firm. The dependable capacity is equal to the installed capacity, that is to 400 
MW.

6.42 As with Nam Theun 2 and Pa Mong 210, two approaches were used to value 
the production: in the first one, no credit was given to capacity outside the 

Lao market; in the second full credit was given. Similarly, the real benefits would 
be somewhere between.

6.43 Nam Ngum 2 has a high load factor. It could therefore serve the baseload of 
the domestic and export markets. The equivalent thermal plant is coal-fired.

When no credit is attributed to capacity, only firm and secondary energy 
production is valued. Both types of energy are worth USc 2.25/kWh. When full 
credit is accorded to capacity, it is worth US$ 124/kW/year, while energy valuation 
stays the same.

6.44 The mean annual fisheries benefits were estimated at US$ 118,000/year.
However, the damage to fisheries in Nam Ngum 1 reservoir as a result of the 

construction and operation of Nam Ngum 2 would likely be appreciable. The latter 
has, however, not been valued. Other benefits such as low flow increase would be 
minimal as most of the low flow increase has already been realized through Nam 
Ngum 1.
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6.45 When capacity outside the domestic market is not valued, the project has a 

negative net present worth of US$ 140 million (10% discount rate, year
before commissioning), and the internal rate of return is 7.6%. When capacity is 
fully valued, the net present worth reaches US$ 290 million, and the internal rate 
of return 20.5%. The unit cost of energy at 10% discount rate amounts to USc 
3.1/kWh, and the unit cost of capacity to roughly USS 1,500/kW.

E. Project comparison

Technical aspects

6.46 Salient technical characteristics of the three projects are summarized in 
Table 16.

6.47 In the late 1990s and early 2000s, the energy and power demand of the 
combined Thai-Laotian power system within the basin is expected to rise by 

approximately 300-400 GWh and 50-70 MW respectively per year. Provided the 
power is marketed also outside the basin boundaries, schemes like Pa Mong, Nam 
Theun 2 and Nam Ngum 2 could be fairly easily slotted in, not all at once to be 
sure, but within a fairly short time span as far as marketing of the production is 
concerned.

6.48 Although full-fledged feasibility studies still have to be conducted for the 
three projects, there are at present no indications that any of them would not 

be feasible from a technical or environmental point of view. Some relevant aspects 
of the three schemes are compared in Table 17, a + indicating what is considered 
here an advantage, a — indicating a disadvantage. The following section attempts 
to narrow down the choice as to the starter project.

Table 16. International projects: salient technical features

Feature Unit Pa Mong 210 Nam Theun 2 Nam Ngum 2

Average net head m 44 352 134

Mean annual inflow 106m3 135,600 6,500 6,938

Reservoir net storage 106m3 7,310 4,000 3,600

Ratio storage/inflow 0.054 0.616 0.490

Installed capacity MW 2,250 600 400

Energy output 
Firm GWh 4,250 4,590 1,580
Secondary GWh 6,410 60 600
Total GWh 10,660 4,650 2,180

Resettlement people 40,000 2,000 1,000

Project costs 
Construction US$ 106 1,866 605 520
Resettlement US$ 106 200 10 5
Total US$ 106 2,066 615 525

Further investigations, 
study and design1 US$ 106 7.9 6.52 3.6

Duration up to tendering months 47 44 28

Construction period years 11 5 5

1See Chapter 9.
2includes US$ 300,000 for a study on staged development of the Nam Thcun site.
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6.49 Some salient aspects of the international power projects are presented in 

Table 18. “Full” credit to capacity is defined as equal to all capacity savings 
that could be realized as a result of the full potential of the projects under study in 
terms of firm power, i.e. irrespective of the country of origin of such power. 
“Reduced” credit to capacity is defined as equal to only those capacity savings as 
are realized in the country of origin of the power produced. In both cases, 
obviously, the value of the energy is added, i.e. the cost of alternative generation 
of the same quantity of energy if the projects considered here were not 
implemented. The figures indicate the considerable value of any measures that 
would help attribute capacity credit (fully or partly) to firm power generated for 
export.

Table 17. Some advantages and disadvantages of the three international projects

Aspect Pa Mong 210 Nam Theun 2 Nam Ngum 2

Location On border (+) Not on border Not on border
Access Good (+) Difficult (-) Good (+)
Construction site Compact (+) Different for dam Compact (+)

Resettlement 40,000 people (-)
and power works(+) 
2,000 people (+) 1,000 people (+)

Sedimentation rate1 High (-) Low (+) Low (+)
High/low investment High (-) Low (+) Low (+)
Potential for satisfying water 
demands of Northeastern Thailand Fair (+) Limited (+) None (-)
River flow increase in the dry season Fair (+) Limited (+) None (-)
Number of pending issues 
to be solved before 
construction could start Many (-) Many (-) Few (+)
Long/short implementation time Long (-) Short (+) Short (+)

1When compared to available storage.

Table 18. International projects: economic features

Project Financial 
investment 
(US$ 106)

Net present worth 
at 10% (USS 106)

(I) (2)

Economic 
internal 
rate of 

return (%) (US$/1000 kwh)

Economic 
cost of 
energy 

US$ 1OOO kWh)

Full credit to capacity
Pa Mong 210 2066 1981 694 18.4 25
Nam Theun 2 615 1223 759 38.3 17
Nam Ngum 2
No credit to capacity for

525 290 180 20.5 31

exported power
Nam Theun 2 615 585 363 16.9 17
Nam Ngum 2 525 -140 -87 7.6 31

(1) Calculated as accruing to the year before commissioning (figures presented in earlier sections of this chapter).
(2) Calculated as accruing to the year before the start of construction.
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6.50 The figures in Tables 16-18 are based on configurations and modes of operation 

as planned in 1987/1988. Further investigations and detailed operation studies 
may lead to yet more favourable economics than elaborated so far. Pa Mong 210 
might be raised to a somewhat higher FSL, which would result in (I) greater power 
benefits, as well as (2) a disproportionately greater increase in dry season river flow. 
Nam Theun 2 and Nam Ngum 2 could be configured for a larger installed capacity, 
which, if credit to capacity were attributed for firm power exported, would lead to 
greater benefits accruing to the project. There is little point at this stage in speculating 
on these possibilities. Detailed feasibility studies will have to provide the answers.

Project comparison

6.51 Of the two projects Nam Ngum 2 and Nam Theun 2, the latter shows up in 
Table 18 as the economically more attractive. For both valuations of power 

output, the net present value and the internal rate of return of Nam 'Ilieun 2 are far 
superior to those of Nam Ngum 2. This picture would not change for power values 
that are intermediate between the two extreme values given in the table. The 
preference for Nam Theun 2 is confirmed by the difference between the two projects 
in “economic costs of energy,  i.e. USc 1.7/kWh for Nam Thcun 2 as against 
USc 3.1/kWh for Nam Ngum 2. And, furthermore, from a strict capital availability 
point of view, the investment for Nam 'fheun 2 is only 17% more than what is 
required for Nam Ngum 2, for a considerably more productive scheme. The only 
drawback to Nam Theun 2 compared with Nam Ngum 2 is that the former is a more 
“difficult” project (see Table 17) than the latter, which, to some extent, is a repeat of 
the successful Nam Ngum 1 hydropower scheme.

*

6.52 If a choice has to be made between Nam Theun 2 and Nam Ngum 2 as the next 
internationally significant major power development on a tributary, this report 

will take it that Nam Thcun 2 will be preferred. It should be noted, however, that 
Nam Theun 2 and Nam Ngum 2 do not compete in physical terms or in terms of 
absorptive capacity in the international power market.

6.53 Low Pa Mong and Nam Thcun 2 each enjoy attractive economics and should, 
therefore, from an economic and technical point of view, be built as soon as 

possible. This, however, needs qualification.

• Before the two projects can be built, three main hurdles have to be crossed: (1) the 
countries concerned must agree that feasibility studies be undertaken, (2) the 
studies must be done in accordance with agreed terms of reference and following 
international tendering procedures, and (3) the studies must be acted upon by way 
of decisions as to project execution: which projcct(s); time frame; technical, 
economic, organizational and legal configuration. At present it appears that 
negotiating these hurdles may take a considerable time.

• The two projects do not mutually exclude each other in physical terms or in terms 
of power absorption (the latter as a result of the 5-6 year difference in gestation 
period between the two projects). They may, however, very well be mutually 
exclusive with respect to funding, organization or riparian willingness. Whether or 
not simultaneous implementation is feasible is hard to judge at this stage. But in 
view of both their technical and political complexity and their size, simultaneous 
development may well be less probable than sequential development.
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7 Power development in 
the national context

A. General

7 .01 Whereas Chapter 6 dealt with the international (power) project, this 
chapter deals with those power projects which will market their production 

entirely within the country of origin. The projects (see Table 19) are: transmission 
line from Nam Ngum 1 to Luang Prabang (project 26 in Table 1), Nam Chern 
pumped storage (4), Pak Mun (6), Yali Falls Large (35) and Yali Falls Small (36). 
Nam Chern and Pak Mun have an irrigation component which is also included in 
this chapter. Outstanding issues and proposed action with respect to each of these 
projects are summarized in Section D of Chapter 9. For general location of these 
projects see Figure 8.

7 .02 Appendix 2 summarizes the approach used. Sections B-F of this chapter deal 
with the individual projects listed above. Table 19 summarizes the salient 

features of the power projects. The salient features of the irrigation components of 
Nam Chern and Pak Mun are summarized in Tables 22 and 23.

B. Transmission line from Nam Ngum 1 to Luang Prabang

7.03 The city of Luang Prabang relies for its power supply on the Nam Dong 
hydropower plant and on numerous diesel generators. It has been suffering 

from regular extensive power shortages. In 1987, SwedPower (ref. 73) concluded 
that a high-voltage transmission line between the existing Nam Ngum 1 power 
plant and Luang Prabang (project 26 in Table 1) would be the best solution for 
this.

7.04 The alignment is of total length 208 km; voltage is 115 kV. Estimated 
construction cost is 1987 USS 18.2 million (SwedPower, February 1987). The 

construction period is estimated at 4 years, so the line could be commissioned in 
1992.

7.05 The purpose of the transmission line would be to substitute expensive diesel- 
generated energy in Luang Prabang with cheaper energy generated by Nam 

Ngum 1. The Nam Ngum energy was valued at the cost of lost export earnings to 
Thailand. On this basis, the net present worth (at 10%) amounts to USS 14.5 
million and the internal rate of return to 14%.

7.06 In the course of 1987 SwedPowcr undertook a new feasibility study which was 
completed in December 1987. It has not yet been possible to evaluate this 

new proposal, which entails a line of much smaller capacity, with total construction 
cost of US$ 6.9 million (SwedPowcr, December 1987) and total project cost of 
USS 8.3 million (Mekong Secretariat, November 1987). In the investment plan, 
however, the project cost estimates of Novcmber/Deccmber 1987 have been used 
rather than the estimates of February 1987. Construction would require 2 years.
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Table 19. National power and hydropower projects: summary of salient parameters

Project Unit Lao PDR 
Transmission 

line 
(Project 26)1

Thailand Viet Nam
Nam Chern 
(Project 4)

Pak Mun
(Project 6)

Yali Falls 
Large

(Project 35)

Yali Falls 
Small 

(Project 36)2

Technical indicators

Average net head m — 364 (max.) 15 204 165 (50)
Mean annual inflow 106 m3 — 31 24,000 9,200 9,200
Reservoir net storage 106 m3 — 29.8 28.5 305 1.6
Ratio storage/inflow — — __i 0.001 0.033 0.002
Installed capacity MW — 400 136 480 24
Energy output
Firm GWh — 175 118 1,270 149
Secondary GWh — — 199 1,580 52
Total GWh — 175 317 2,850 201

Project costs
Construction US$ 106 18.2 140.14 135.34 488 54.4
Resettlement US$ 106 — — 2.2 5 _
Total US$ 106 18.2 140.14 137.54 493 54.4
Further investigations,
study and design US$ 106 0.6 2.34 3.14 4.9 1.7 (1.3)

Duration up to tendering months 8 12 12 47 37(31)
Construction period years 4 5 5 5 4

Economic indicators

Power
Internal rate of return % 14.0 46.5 16.5 24.3 14.9
Unit cost of energy USc/kWh — 8.2 4.2 2.3 4.7
Unit cost of power USc/kW — 318 1,473 1,173 2,731

Multipurpose
Internal rate of return % — 40.5 13.7 — —

'Not relevant.
2Figures in parentheses indicate as proposed in SwedPower study; otherwise parameters are as suggested in Para. 7.40 
3Data refer to the transmission line as proposed in February 1987; for the a later proposal see Para. 7.06.
including irrigation scheme.

C. Nam Chern pumped storage

General

7 .07 The Nam Chern project (project 4 in Table 1) is located in the headwaters of 
the Nam Pong basin, tributary to the Nam Chi, in Northeastern Thailand.

The hydraulic resources of the Nam Chern are currently used to irrigate 3,200 ha 
from a diversion weir and two main canals of 12 km and 15 km respectively.

7 .08 An EGAT-commissioned feasibility study (ref. 134) in 1986 on (a) a pumped 
storage scheme on the Nam Chern, in combination with (b) an expansion of

the area under irrigation, resulted in a recommendation for a pumped storage 
scheme of 400 MW installed capacity and the expansion of the irrigation area to 
8,000 ha, of which 3,200 ha pump irrigation.
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Power project

7.0 9 The pumped storage scheme proposed uses a head of 380 m between two 
adjacent valleys, only 3.2 km apart. The upper reservoir of 38 million m3 

total storage is created by a dam on the Nam Chern, and the lower reservoir of 
3.5 million m3 total storage is located in the valley of a small tributary which joins 
the Nam Chern a few kilometres downstream.

7.10 The upper reservoir has a catchment area of 158 km2, a mean annual flow of 
31 million m3 and an active storage of 30 million m3 at full storage and

minimum operating levels of 781 m and 771 m respectively. The lower reservoir 
has a catchment area of 24 km2, a mean annual flow of 4 million m3 and an active 
storage of 2.7 million m3 at full storage and minimum operating levels of 410 m and 
395 m elevation respectively.

7.11 Both dams, the upper and the lower, would be concrete-faced rockfill dams 
with ungated spillways. The total volume of rock fill would be just under 

400,000 m3. The water conveyance system would have a total length of nearly 
3.4 km, comprising a low-pressure tunnel, a high-pressure shaft and tunnel, and a 
tailrace tunnel. The power house is proposed underground and equipped with four 
reversible Francis pump turbines, each with a rated discharge of 32.5 m3/s and an 
installed capacity of 100 MW.

7.12 The cost of the project has been estimated at about 1987 US$ 129 million.
The construction period is estimated at 5 years. As the low-load-factor output 

cannot yet be accommodated in the grid, it is not expected that the plant can be 
commissioned before 2000.

Irrigation project

7.13 The irrigation project (see Para. 7.08) provides for (a) concrete lining of and 
provision of control structures for existing main canals, (b) the extension of 

the existing right main canal (3,700 ha), (c) on-farm development, and (d) the 
provision of pump irrigation systems in an area of 3,200 ha. Total construction 
costs were estimated at about USS 11 million and operation and maintenance cost 
at USS 185,000/year at full development.

7.14 The proposed crops to be grown are rice and upland crops such as mung 
bean, maize, soya bean, vegetables, chillies, groundnut and sesame. The 

cropping intensity at full development is forecast at 160% based on the water 
availability.

Power and irrigation benefits

7.15 The energy output as a pumped storage plant (plant factor 5%) is 175 GWh 
per year. Additionally the natural inflow into the upper reservoir generates

37 GWh/year. A gas turbine would be the thermal equivalent, hence the 
dependable capacity has been valued at USS 56/kW/year and the firm energy at 
USc 6.68/kWh. For the pumping energy a cost of USc 2.25/kWh was taken. On this 
basis, excluding irrigation development, the net present worth is USS 135.7 million 
and the internal rate of return stands at 46.5%. The unit cost of energy amounts to 
USc 8.2/kWh and the unit cost of capacity to USS 318/kW.

7.16 Incremental paddy production would be 9,000 t/year at full development.
The net present worth of the multipurpose scheme would be USS 137 million, 

while the internal rate of return would still be 40.5%.
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Possible conventional scheme

7.17 The Nam Chern pumped storage scheme is not likely to be onstream until 
after the year 2000. As has been stressed, Thailand needs to secure water for 

the northeastern parts of the country. In the Nam Chern basin, it is deemed 
possible to develop the Nam Chern scheme in phases. The first phase, not 
appraised in this study, could be a conventional project consisting of a dam, the 
intake structures, and a small power house of about 15 MW capacity generating 
27 GWh of energy annually, besides the main purpose of irrigating some 
8,000 ha. The total cost of the project is estimated at US$ 26.5 million. The project 
could commence as soon as detailed design has been finalized.

D. Pak Mun project

General

7.18 The Mun is the largest tributary of the Mekong in Northeastern Thailand, 
draining an area of 117,000 km2. Its mean annual flow is 24,000 million m3, 

equivalent to a mean discharge of 762 m3/s. The river has been and is being 
developed in its upper tributary reaches for hydroelectric power and irrigation.

7.19 The Pak Mun project (project 6 in Table 1) will create a reservoir in the lower 
part of the Mun river with a dam located about 5 km upstream of its 

confluence with the Mekong and will allow power production and the development 
of irrigated agriculture in the vicinity of the reservoir. Sogreah’s 1985 study (ref.
135) concluded that a reservoir created by a dam at Ban Hua Heo site, including a 
power plant, was technically and economically feasible. The project has been 
included in EGAT’s long-term investment programme.

7.20 A study of the irrigation potential around the future Pak Mun reservoir led to 
identification of a total area of 33,000 ha, of which about 8,100 ha (7,160 ha 

net) were selected for development of a pilot pump-irrigated area near Sisaket.

Power project

7.21 The power project consists of a zoned rockfill dam, with a maximum height 
of 19 m, with a central part incorporating the power plant and gated spillway.

The power plant would be equipped with four horizontal bulb groups each with a 
capacity of 34 MW and a rated head of 15 m. The reservoir, with full FSL at 108 m 
and a minimum operating level at 107 m, would have an active storage of only 
28.5 million m3, which provides only for daily pondage for peak generation.

7.22 The costs of the project, including the costs of resettlement, have been 
estimated at 1987 US$ 117 million. The construction period is estimated at

5 years. The project could be commissioned by 1994.

Irrigation project

7.23 The proposed pilot irrigation area would consist of a 10 m3/s pumping station 
on the left bank of the Huai Khayung, a lined main canal 12.5 km long, lined 

secondary and tertiary canals, unlined quarternaries and farm ditches, and a 
surface drainage network. Land consolidation did not appear feasible. At the 
pumping station, the delivery level of the main canal would be 132.7 m, hence a lift 
of about 25 m. Total construction costs were estimated at 1987 US$ 20.5 million, 
with operation and maintenance, excluding pumping, costing US$ 300,000/year at 
full development.
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Power and irrigation benefits

7.24 The energy output of the plant has been estimated at 317 GWh/ year, of 
which 118 GWh firm and 199 GWh secondary energy. The plant is expected 

to operate at least four hours per day during the peaking period. The equivalent 
thermal plant is accordingly oil-fired, so the dependable capacity was valued at 
USS 109/kW/year, the firm energy at USc 3.0/kWh and the secondary energy at 
USc 2.25/kWh. On this basis, excluding irrigation development, the net present 
worth is US$ 33 million and the internal rate of return 16.5%. The unit cost of 
energy amount to USc 4.2/kWh and the unit cost of capacity to US$ 1,473/kW.

7.25 The irrigation project of 8,100 ha gross would provide an incremental rice 
production of approximately 26,7001 at full development, i.e. 10 years after 

the start of irrigated agricultural production. The net present worth of the 
multipurpose project (power plus irrigation components) would be USS 26 million, 
USS 7 million less than for the power project alone, and the internal rate of return 
would fall to 13.7%. However, the irrigation component would generate 3,400 
additional farm employment places.

E. Yali Falls Large project

7.26 The Se San, which joins the Mekong at Stung Treng, is the Mekong’s largest 
left-bank tributary; its total catchment area, including its main tributaries Se 

Kong and Sre Pok, is 76,050 km2. The upper, and mountainous part of the 
catchment is located in Viet Nam. The Yali Falls are located in the upper reaches 
of the Se San.

7.27 Studies on the development of the upper Se San hydroelectric potential 
started in the early 1960s. The Mekong Committee (ref. 4.3) mentioned the

Yali Falls as a promising dam site, with a potential of 2,750 GWh/year. This 
potential can be increased by construction of reservoirs at Plei Krong and Dak Bia, 
further upstream. The present project, at prefeasibility level, has as its objective a 
large scheme to supply energy for the southern region of Viet Nam including the 
Mekong delta. The scheme could also form the link between the transmission lines 
of the northern and southern power transmission networks.

7.28 The layout of the project as adopted in this study is the one proposed by the 
Mekong Committee (ref. 4.3; project 35 in Table 1). The dam commands an 

area of 7,659 km2. Mean annual runoff is 9,200 million m3, equivalent to a mean 
annual discharge of 291 m3/s. The design natural flood peak is 12,000 m3/s. The 
reservoir, with full storage and minimum operating levels at 510 m and 497 m 
respectively, would have a net storage of 305 million m3.

7.29 The dam would be a zoned rockfill dam with a maximum height of 45 m and a 
crest length of 1300 m. The spillway type has not yet been defined. The water 

conveyance system consists of a 4.5 km pressure tunnel and three penstocks each 
415 m long. The power house is planned above ground, equipped with three units 
of 160 MW each. The tail water is restored directly into the main river.

7.30 Total project costs are estimated at 1987 USS 493 million. The construction 
period is estimated at 5 years. The plant could be commissioned in 2000.
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7.31 The energy output of the scheme has been estimated at 2,850 G Wh/year, of 

which 1,270 GWh firm and 1,580 GWh secondary energy. For valuation of 
energy production it was assumed that the plant would be operating both as a mid
peaking and baseload plant. For capacity, the mixture would be 30% mid-peaking, 
that is oil-fired, and 70% baseload, that is coal-fired. The related benefits would be 
USS 109/kW/year and US$ 124/kW/year respectively. For energy, the mixture 
would be 20% mid-peak (oil), and 80% baseload (coal). The related fuel cost 
would be USc 3.95/kWh and USc 2.19/kWh respectively. Secondary energy was 
valued at USc 2.19/kWh.

7.32 The net present worth of the project amounts to US$ 483 million and the 
internal rate of return is 24.3%. The unit cost of energy is USc 2.3/kWh and 

the unit cost of capacity USc 1,173/kW.

F. Yali Falls Small project

7.33 The site for the Yali Falls Small project (project 36 in Table 1) occupies 
almost the same location as the Yali Falls Large project, fractionally 

downstream of it. In 1986, SwedPower (ref. 162) in a feasibility-level review, 
proposed a run-of-the-river scheme, exploiting the head over the falls with a 48 
MW power plant, constructed in two successive phases of 24 MW.

7.34 The international workshop of September 1987 decided to consider only the 
first phase of implementation of Yali Falls Small, to be constructed to satisfy 

demand in the central region and to supply the power for the construction of Yali 
Falls Large. In the setup as studied by SwedPower this would mean that the plant 
would be scrapped as soon as Yali Falls Large came on stream, because the 
average net head over the latter would be 204 m as opposed to 50 m for the former.

7.35 The catchment area and mean annual runoff would be the same as for Yali
Falls Large, 7,659 km2 and 9,200 million m3 respectively. The design natural 

flood peak can be much lower, at 8,640 m3/s, as the consequences of any failure of 
the overflow weir, which would comprise the diversion structure, would be 
minimal. The reservoir, with FSL and LWL at 462 m and 461 m respectively, 
would provide only 1.6 million m3 of active storage, for daily pondage.

7.36 The headworks would consist of a concrete overflow weir across the neck of 
the falls. The waterway would consist of a 290 m headrace channel with 

lateral, free-overflow escapeway, a penstock inlet with two gated openings, two 
2.8 m diameter, 30 m long penstocks, and a 40 m tailrace channel. The power plant 
would be equipped with two vertical units, each of 12 MW installed capacity. The 
transmission system would consist of 35 km of 110 kV line and 337 km of 35 kV 
line.

7.37 Project costs were estimated at 1987 USS 54.4 million. The construction 
period is estimated at 4 years and the project could be commissioned by 1995.

7.38 The energy output was estimated at 201 GWh/year, of which 149 GWh firm 
and 52 GWh secondary energy. As Yali Falls Small would feed the local 

network, the thermal alternative would be a diesel plant. Consequently the 
capacity has been valued at US$ 75/kW/year and the firm and secondary energy at 
US$/6.20/kWh.

7.39 On the above basis the net present worth amounts to USS 38 million and the 
internal rate of return is 14.9%. The cost of energy would be USc 4.7/kWh 

and the unit cost of capacity USS 2,731/kW. These indicators apply to an economic 
life of 35 years. If the life of the project were to be significantly reduced, as 
appears the intention (Para. 7.34) the project becomes economically unattractive.



7.40 An alternative is a first-stage Yali Falls project which could be incorporated 
into the Yali Falls Large project. Envisaged is a scheme for a 24 MW power 

plant, based on the layout of the final project, i.e. using the larger head between 
the top of the Yali Falls and a point located about 5 km downstream, where the 
available gross head would be approximately 165 m. The generation of 24 MW 
would need a discharge of 20 nr/s, which could be carried by a 4.5 km long, 3.0 m 
diameter pressure tunnel and a 2.0 m diameter open penstock of 420 m length. 
Both tunnel and penstock could be used in the water conveyance system of the 
final scheme. Further, the tunnel would supply accurate geological data, very 
useful for the design and cost estimate of the final phase. The investment necessary 
for such a layout should not be higher than that for the presently proposed scheme, 
and would reduce the investment needed for the second and final stage.
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Irrigation projects

A. General

8 .01 This chapter reviews the irrigation projects retained for the investment plan.
A total of 22 projects are involved, of which 4 are in the Lao PDR, 5 in 

Northeastern Thailand and 13 in the Viet Nam delta. Additionally Chapter 7 
reviews and reports on two multipurpose schemes (Nam Chern and Pak Mun). 
Together, the 22 projects represent an irrigation development of 423,517 ha. By 
far the largest part is located in the delta, 302,761 ha; the area in the Lao PDR, 
including ten-year subsector programmes for small-scale irrigation in the north and 
for small pump irrigation, is 19,800 ha; the area in Northeastern Thailand is 
100,956 ha. The information base for the projects varies greatly from country to 
country. Some projects were backed by extensive reports, others only by 
summaries. Appendix 2 summarizes the approach used.

8 .02 Another matter concerns the development perspectives for irrigation in the 
three riparian countries. They are quite different in Thailand and the Lao 

PDR than for Viet Nam. The sharp fall in world rice prices, and the dim prospects 
for a quick recovery, have made the present outlook for irrigation uncertain. In 
Northeastern Thailand, in spite of these uncertainties, there is the necessity for 
development of irrigation projects which will help alleviate the poverty in the 
region to narrow the gap with the other regions of the country. Viet Nam faces the 
challenge of achieving self-sufficiency, the Lao PDR a comparable challenge. In 
Thailand, rice prices are valued at export parity; in Viet Nam and Lao PDR, prices 
are valued at import parity. Sections B-D review the projects country by country.

B. Lao PDR

8 .03 The location of the projects in Lao PDR is given in Figure 9. In the following 
paragraphs a brief description is given of the projects in the investment plan 

and their state of maturity. For supporting investigations required, reference is 
made to Chapter 9.

8 .04 The Nam Ngum Pump Irrigation Project (project 29 in Table 1) comprises
2,300 ha along the Nam Ngum river downstream of the existing Nam Ngum 

dam. It consists of four pump irrigation schemes of 300-700 ha. The project works 
include the construction of four pumping stations along the river and water 
distribution systems for each of the schemes. The project requires technical 
assistance to complete the final design.
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LEGEND

Figure 9. General location of projects studied in Lao PDR
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8.05 Small-scale irrigation (project 31) calls for expansion of a programme of weir 
construction in the northern provinces to ten schemes, covering 450 ha, per 

year. In collaboration with the Quaker Service Laos, farmers have started 
gradually to replace the traditional, leaky, highly maintenance-intensive “beaver 
dams” with more permanent weirs of mortared rock or reinforced concrete. One 
weir can serve 45 ha, which is a 50% increase over the area irrigated by a beaver 
dam. Based on a case study, a subsector programme has been defined to expand 
this activity. Technical assistance is required to formulate and support the 
programme.

8.06 Small pump irrigation (project 32) schemes have been in operation for some 
time. A typical scheme covers 200 ha and has an electric pump and a water 

distribution system, and sometimes a constructed drainage system. On the basis of 
a case study a subsector programme has been formulated which would develop 
three units of 200 ha per year. Stage II of the Mekong pump irrigation project will 
be the first phase of this programme, which will initially centre on the areas along 
the Mekong in the Vientiane plain. Eventually, the programme may be extended 
to areas further downstream or along the tributaries. A study at prefeasibility level 
covering 3,000 ha, i.e. the project mentioned above, has been completed. Final 
design will be simple because standards can be used from previous projects.

8.07 Nam Cheng (project 62) is a 7,000 ha project along the Nam Cheng river, a 
tributary of the Nam Ngum. The main project works are an earthfill dam 

with a net capacity of 52 million m3, and a water distribution system consisting of 
a main canal (4.2 km), two secondary canals (total length 22.6 km), lateral canals 
(57 km), and a drainage system. Irrigation will be mainly by gravity. The project 
has been studied at prefeasibility level. The estimates for field water requirements 
are on the low side and the area under irrigation would probably have to be 
reduced.

8.08 Tables 20 and 21 give the main agricultural characteristics and economic 
indicators of the projects respectively. In accordance with past experience, 

pump schemes have a relatively high proportion of upland crops to meet energy 
costs. Nam Cheng is designed predominantly for paddy production. Its 
construction cost is high due to rather elaborate project headworks and main 
system. Pump schemes are located alongside the river and, particularly for the 
small ones, no main system is required. Despite higher energy costs, the internal 
rate of return of these schemes is nevertheless more favourable.

Table 20. Main agricultural characteristics of irrigation projects, Lao PDR

Project

No. Name

Area (ha) Cropping 
intensity 

(%)

Yield (tlha)

Cultivable
Wet 

paddy
Dry 

paddy
Field 
crops

Vege
tables

Wet 
paddy

Dry 
paddy

Field 
crops

29 Nam Ngum 2,300 2,070 1,035 4(X) 115 160 3.2 3.5 1.8
31 Small-scale irrigation1 4,500 4,500 — — — 100 2.0 — —
32 Small pump irrigation1 6,000 5,700 3,000 600 600 155 3.2 3.5 1.8
62 Nam Cheng 7,000 7,000 2,050 — 350 134 3.2 3.5 —

110-year programme.
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Table 21. Main economic indicators of irrigation projects, Lao PDR

Project Investment1 Management 
requirement 

(man-years)1

Incremental 
food production 
(1,000 t paddy)2

Incremental 
employment 

(1,000 man-years)2

Internal 
rate of 
return 

(%)
No. Name Total 

(US$ 106)
Per ha 
(US$)

29 Nam Ngum 2.5 1,087 14 6.8 1.1 12.7
31 Small-scale irrigation3 1.2 267 27 1.2 — 17.6
32 Small pump irrigation3 4.9 817 36 21.5 2.6 15.8
62 Nam Cheng 21.9 3,129 42 23.6 3.6 5.7

*At 1987 financial prices.
2Per annum, at full development of the project.
310-year programme.

C. Thailand

8.0 9 Most of the project studies available for Thailand focused, with regard to 
design and location of the project, on rice production, which gave reasonable 

rates of return at the time. In the present appraisal, as a consequence of projected 
lower rice prices, the IRRs are reduced substantially, with the exception of 
recently formulated projects such as Upper Chi, which emphasize the production 
of upland crops. The present low returns highlight the need for a reorientation 
toward crop diversification. Within the limitations of project design and other 
physical conditions, upland crops are included in the cropping patterns of the 
projects to the maximum extent possible.

8.10 For most of the projects envisaged in the investment plan, a regional 
development approach similar to the one carried out for the Upper Chi is 

needed to obtain full benefits from irrigation. The large Nam Songkhram project, 
in particular, would require an approach linking irrigation development to 
improving rainfed agriculture, marketing and other support services and to the 
development of other sectors of the economy. The preparation of an irrigation 
plan at feasibility level is the first step toward such an overall system.

8.11 The location of the projects is given in Figure 10. In the following paragraphs 
a brief description of the projects in the investment plan and their state of 

maturity is given. For supporting investigations required and their timing, 
reference is made to Chapter 9.

8.12 Nam Loei (project 8) is a 9,272 ha project located in the northwest corner of 
Northeastern Thailand on the Nam Loei river. There are some small NEA 

pump irrigation schemes, but otherwise agriculture is rainfed; yields are poor. The 
proposed project works comprise an earthfill dam with an active storage of 91 
million m , two movable-gate check dams, 12 pumping stations with 33 units to be 
installed around the storages created by the check dams, and a main and secondary 
distribution system. On- farm development is not included. The study is in its 
identification stage, and the project area and dam site have yet to be finally 
selected.
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Figure 10. General location of projects studied in Northeastern Thailand

Note Po Wong ond Chiong Khon ore on the border 
between Thailand ond Lao PDR
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Figure 11. Location of projects in the Vietnamese part of the delta



8.13 Upper Chi (project 9) is a 16,2(X) ha project in the Chi basin, which covers an 
area of 49,(XX) km2 across the central part of Northeastern Thailand. The 

project included in the investment plan has arisen from the Chi basin water use 
study and represents roughly half of the potential in the upper part of the basin. 
The study has considered a number of dam sites, of which the Yang Na Di holds 
the best prospects. The dam would provide water to 8,2(X) ha of new pump 
irrigation schemes and additional water in the dry season for 8,(XX) ha in existing 
schemes. Gravity irrigation is possible but should be studied in a next phase. A 
prefeasibility study has been completed; the next (feasibility) study should further 
examine a second phase of storage development, which would include a dam at the 
Nam Chi site.

8.14 The Nam Songkhram basin (project 11) is in the northeastern corner of the 
northeast and covers an area of 12,7(X) km2. In a preliminary study, in 1981, 

seven possible upstream reservoirs and a regulator near the mouth of the Nam 
Songkhram were identified, which would provide irrigation as well as flood 
control. The option recommended in a subsequent study was the construction of 
the regulator for irrigation purposes (42,568 ha). Flood control proved to be 
uneconomic. In addition to the regulator, a 1 km long embankment is needed to 
contain the reservoir, which would have a net storage of 6(X) million m3. Twenty- 
five pumping stations and a distribution system are required to irrigate the area. 
About 10,5(X) ha has to be diked since at present it is frequently flooded. The 
project has been worked out at prefeasibility level and requires a long preparatory 
period, at least five years.

8.15 Nam Suai (projects 13 and 113) is a two-stage project in Nong Khai and Udon 
Thani provinces. The basin covers an area of 1,250 km2; stage I of the project 

12,556 ha; and stage II 5,200 ha. The area is subject to flooding from the overflow 
and backflow of the Mekong and the project includes components for flood control 
as well as for irrigation. The project proposed is similar to the one in the Huai 
Mong basin, i.e. a regulator at the mouth of the Nam Suai and irrigation on the 
shore of the reservoir formed by the regulator. The regulator incorporates a 
pumping station which would pump from the Nam Suai into the Mekong in the wet 
season for drainage and from the Mekong into the reservoir in the dry season. The 
reservoir would have a net storage of 215 million m3. Stage 1 includes the 
installation of small pumping stations with a combined capacity of 36 m3/s and 
improvement of the Nam Suai river channel over a distance of about 10 km. For 
Stage II, a further improvement of the channel over 37 km and two additional 
weirs equipped with pumps are required. A distribution system including on-farm 
works is included in both stages. The project is ready for detailed design, a 
feasibility study having been carried out.

8.16 Table 22 gives the main agricultural characteristics of the projects; Table 23 
gives the main economic indicators. Storage reservoirs arc essential to 

irrigation development in the northcast because of the limited water resources 
during the long dry season. This fact, combined with the requirement for pumping 
to lift the water from reservoir or river into the water distribution system, adds 
substantially to project costs.

8.17 On the basis of their internal rate of return, most projects may not appear 
very promising. The economics, however, may well improve if a greater 

proportion of upland crops is introduced. This would, though, require changes in 
the technical formulation of these projects as well as, perhaps, a somewhat 
different project location. A major consideration with respect to irrigation projects 
in Northeastern Thailand is that the economic merits of a project do not capture 
other critical strategic and political aspects such as employment generation and risk 
reduction. This is evident from the current government policy in this region, i.e. 
the “Green E-Sarn scheme”.
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Table 22. Main agricultural characteristics of irrigation projects, Northeastern Thailand

Project Area (ha) Cropping 
intensity 

%

Yield (t/ha)

No. Name Cultivable Wet 
paddy

Dry 
paddy

Field 
crops

Vege
tables

Wet 
paddy

Dry 
paddy

Field 
crops

4 Nam Chern1 8,0002 6,400 0 6,000 400 160 3.2 _ 1.8
6 Pak Mun1 7,160 7,020 3,010 930 360 158 3.2 3.5 1.8
8 Nam Loei 9,272 6,490 2,782 5,100 464 160 2.8 3.1 1.6
9 Upper Chi 16,200 15,390 650 4,700 810 133 3.2 3.5 1.8

10 Nam Songkhram 42,568 37,030 14,050 15,750 1,280 160 3.2 3.5 1.8
13 Nam Suai, Stage I 12,556 10,670 5,900 3,010 630 161 3.2 3.5 1.8

113 Nam Suai, Stage II 5,200 5,100 2,080 880 260 160 3.2 3.5 1.8

'See Chapter 7.
2Of which 1,113 ha with existing irrigation.

Table 23. Main economic indicators of irrigation projects, Northeastern Thailand

Project Investment funds' Management 
requirements 
(man-years)2

Incremental 
food 

production 
(’000 t paddy)2

Incremental 
employment 

(’000 man-years)2

Internal 
rate of 
return 

(%)No. Name
Total

(US$ 1(F)
Per ha 
(US$)

4 Nam Chern3 11.3 1,6414 _ 9.0 2.4 ___3

6 Pak Mun3 20.5 2,8634 — 26.7 3.4 __ 3

8 Nam Loei 33.2 3,494 3 12.9 4.9 1.5
9 Upper Chi 21.2 3,309 5 14.4 4.0 10.3

11 Nam Songkhram 103.7 2,436 13 128.5 23.0 8.2
13 Nam Suai, Stage I 39.4 3,138 4 39.7 6.4 6.7

113 Nam Suai, Stage II 15.3 2,942 2 15.8 2.2 7.2

'At 1987 financial prices.
2Per annum, at full development of the project.
3See Chapter 7.
4Excluding cost of dam and reservoir, which are included in the power project cost.

D. Viet Nam

8.18 No extensive documentation is available for most of the potential Vietnamese 
projects, but it was nevertheless possible, using summary information, to 

appraise 13 projects. Figure 11 shows their location. One of them, Phu Tan, is a 
pilot scheme within the Than Nong project. Its cost is higher than the larger 
scheme because its investment incorporates some joint headworks. The main 
water control characteristics and works of the 13 projects are given in Table 24; the 
agricultural characteristics in Table 25, and the economic indicators in Table 26.

8.19 Generally, the projects score a high economic rate of return, which is due to 
one or more of the following factors: (a) an import-parity price for paddy, 

(b) a weak “without-the-project” case, and (c) often considerable sunk costs by 
way of an existing infrastructure. In respect to items (b) and (c), relatively low- 
cost water control measures may much improve water management. For example, 
for Nam Xa canal, the area under cultivation almost doubles through flood 
control. Generally, agricultural benefits arise from an increase in cultivable area 
and/or cropping intensity rather than from higher yields. Incremental yields are 
usually of the order of 1.0 t/ha and only much higher in those areas where 
irrigation replaces flooding.
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8.20 In general it would seem that flood control centred on the northwestern part 

of the delta seems to yield somewhat higher rates of return than prevention 
of salt intrusion in the southeastern part.

Table 24. Main water control characteristics of Viet Nam delta projects

Project Major water control measures1

4

Project works

No. Name 1 2 3

34 Cai San • • Construction of embankment (84 km), dredging of canals 
(66.5 km), installation of 16 large pumps, and construction of 
distribution system

37 Tiep Nhut • • Upgrading of dikes, rehabilitation of salt prevention 
structures, dredging of main canals, and construction of 
distribution system

38 Phu Tan • • Pilot scheme of Than Nong (61)

61 Than Nong • • Construction of dikes (22.5 km), 8 sluices, 6 main canals and 
a distribution system

39 Nam Xa Canal • • Construction of dikes (53 km), 11 canals (51 km), and 8 
sluices for flood control, drainage and water intake.

40 Cai San-Thotnot • • • Rehabilitation of existing canals, and upgrading and 
construction of pump stations

43 Sau Dong • • Construction of main canal (21.2 km), upgrading of 
secondary canals (53 km), construction of 23 sluices at the 
heads of main canal and secondary canals, and construction 
of levees (52 km)

44 Giong Rieng-Go Quao • • • • Construction of main canal, pump stations, dikes for flood 
control and salinity prevention, and a secondary and tertiary 
irrigation system

45 Bac Hong Ngu • • Construction and rehabilitation of canals, levees, drainage 
sluices and pumping stations

46 Tan Thanh • • • Rehabilitation of main canals, construction of 4 canals, 90 km 
levees and 11 sluice gates

47 Giong Trom-Ba Tri • • Construction of 2 sluices for water supply and 6 drainage 
sluices, rehabilitation of main canal system, and construction 
of dikes and salinity control dams

58 Go Cong • • Construction of head sluices and structures, canals, dikes, 
and pumping stations

59 Huong My • • Construction of a dam/diking system (40 km) and 10 sluices, 
rehabilitation of main canal (29.5 km) construction of 
pumping stations, and on-farm development

Flood control. 2. Salinity control. 3. Acidity control. 4. Irrigation.
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Table 25. Main agricultural characteristics of irrigation projects, Viet Nam

Project Area (ha) Cropping Yield (t/ha)

No. Name Culti- Main Summer/ Winter/ Field
intensity 

(%) Main Summer/ Winter/ Field
vable season 

paddy
autumn
paddy

spring 
paddy

crops season 
paddy

autumn
paddy

spring 
paddy

crops

‘Pilot scheme within Than Nong project (project 61).

34 Cai San, Phase I 4650 — 4650 4650 — 200 — 4.5 5.5 —
37 Tiep Nhut 43000 33000 41000 10000 5000 207 3.2 3.8 4.5 1.8
38 Phu Tan1 4375 — 4375 4375 — 200 — 4.0 6.0 —
39 Nam Xa Canal 14451 — 14451 14451 — 200 — 4.0 6.0 —
40 Cai San-Thotnot 64700 — 64700 64700 — 200 — 3.2 3.8 —
43 Sau Dong 13000 13000 — — — 100 5.0 — — —
44 Giong Rieng-Go Quao 44400 — 44400 42000 — 195 — 3.2 3.8 —
45 Bac Hong Ngu 24351 11800 680 11871 — 100 4.0 6.0 6.0 —
46 Tan Thanh 26440 1962 24358 24358 — 192 2.8 4.5 5.0 —
47 Giong Trom-Ba Tri 16900 5125 12826 9405 — 162 3.0 4.0 4.0 —
58 Go Cong 28053 — 28053 28053 — 200 — 3.8 4.5 —
59 Huong My 9916 — 9916 9916 — 200 — 4.5 6.0 —
61 Than Nong 12900 — 12900 12900 — 200 — 40.0 6.0 —

Table 26. Main economic indicators of irrigation projects, Viet Nam

Project Investment funds1 Management 
requirement 

(man-years)2

Incremental 
food production 

('000 t paddy)2

Incremental 
employment 
(man-years)2

Internal 
rate of 

return (%)
Total

(US$ 106
Per ha 
(USS)No. Name

34 Cai San, Phase I 7.4 1,570 1 32.3 3.6 23.7
37 Tiep Nhut 79.0 1,837 27 151.0 34.3 10.
38 Phu Tan3 7.5 1,714 1 20.8 3.1 15.4
39 Nam Xa Canal 8.2 567 4 106.4 15.3 58.1
40 Cai San-Thotnot 98.4 1,521 19 249.2 57.7 13.4
43 Sau Dong 13.6 1,046 4 45.6 12.8 20.3
44 Ciong Rieng-Go Quao 47.8 1,077 13 207.7 40.6 21.7
45 Bac Hong Ngu 18.8 772 6 85.9 11.8 29.4
46 Tan Thanh 31.4 1,188 8 169.6 21.8 25.8
47 Giong Trom-Ba Tri 14.3 846 8 62.0 10.4 23.9
58 Go Cong 67.6 2,410 8 199.8 33.7 16.6
59 Huong My 14.0 1,412 3 55.6 8.1 25.5
61 Than Nong 12.6 977 4 67.7 7.9 27.6

1At 1987 financial prices.
2Per annum, at full development of the project.
’Pilot scheme within Than Nong project (project 61).
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9 Studies and investigations

A. Purpose and nature

9.01 Very few of the projects discussed in Part III are sufficiently mature to 
proceed immediately to implementation. Studies and investigations are still 

required for most of them. These project-related studies and investigations should 
be the first component of an “Action Programme” of studies and investigation.

9.02 The Action Programme, however, is not only project-related. It should also 
include country-specific studies and investigations aimed at building up a 

greater understanding of some urgent country-wide problems identified herein, 
and of the measures necessary to meet these problems.

9.03 The third building block of the Action Programme concerns investigative 
activities of a basin-wide nature. These arc aimed at building up a greater 

understanding of the basin's complexity.

9.04 The next sections discuss the studies and investigations, their estimated time 
frames and their budget requirements. Section B concerns the basin-wide 

studies and investigations, Section C the country-specific ones, Section D those 
related to the power projects and Section E those related to the irrigation projects. 
Section F presents the consolidated budget corresponding to the entire proposed 
Action Programme of studies and investigations.

B. The basin-wide studies and investigations

General

9.05 Some fundamental decisions on the development of the basin's international 
resources may not be staved off for very much longer. The Mekong's waters 

are a long-term resource and will continue to flow, but the need for the Mekong’s 
development will soon be pressing. There exists a considerable body of studies on 
the basin's development. But there is still a lack of knowledge and understanding 
of many important issues. Furthermore, in view of the international nature of the 
Mekong’s water resources, it is appropriate that there be studies to promote 
effective use of these resources through their equitable sharing among the riparian 
countries.

9.06 This section is concerned primarily with the formulation of a set of studies 
and investigations aimed at building up an increased understanding of the 

basin's international potentials, development alternatives and limitations. The 
ultimate objective here is to develop the resources most efficiently in a manner 
that serves the needs of the riparian countries concerned and to prepare for 
decision making on these matters in the early or mid-nineties.
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9.07 Experience suggests that it may not be wise to try to formulate one single 

study to cover each and every issue. Such studies are (1) hard if not 
impossible to manage, and (2) rarely successful in maintaining the badly needed 
communication with the decision-making bodies concerned. Furthermore it is very 
unlikely that funding would be obtainable for such a study.

The hierarchy of studies

9.08 It is therefore proposed that there be a hierarchy of studies and 
investigations. Each single element in this hierarchy should be formulated as 

an individual activity.

9.09 The key elements of the hierarchy of studies are presented in Figure 12.
Though all are important, these elements are not of the same order of 

magnitude. Some are vast, whereas others are of relatively modest size. The 
underlying connection between them is as follows.

• The four basic studies provide the necessary ingredients for the dam and 
reservoir configuration study.

• The dam and reservoir configuration study will yield the costs and benefits, and 
technical and economic feasibility of various configurations of a selected 
number of dams and reservoirs (including the Tonle Sap project) and will 
provide one or more reasonable time frames.

• The Mekong delta master plan will provide information on the demand for fresh 
water during the dry period, optimal and time-framed from the point of view of 
multipurpose delta development. It will also provide information on the 
possibilities to conserve fresh water through measures such as closures of outlets 
and construction of salinity barriers.

• The organizational and legal studies will review the issue of common utilization 
of shared water, and will indicate possible organizational and legal frameworks 
under which the international development of the dam and reservoir 
configuration study might be implemented. These studies should be undertaken 
to support fundamental action on the development of the basin's international 
resources and should be carried out only when fundamental decisions on any 
such action have been taken.

• The land and water resource master plan study for Northeastern Thailand would 
provide information as to the extent to which the drought-stricken and flood- 
ridden areas in this part of the country could make use of the resources 
potentially available, and the time frame related to such development.

• The integrative study will synthesize the intelligence gathered into the 
formulation and analysis of one or more reasonable development perspectives 
for the basin.

9.10 A tentative estimate of an overall time frame for the studies indicates that:
(1) the studies leading up to the dam and reservoir configuration study may 

start late 1988/early 1989, and be completed by mid-1992, (2) the dam and 
reservoir configuration study, if prepared properly and well in advance, may start 
in 1992 and be completed by early 1994, (3) the integrative study, if prepared 
properly and well in advance, may start mid-1994 and be completed by mid-1995. 
The other elements of the hierarchy can be filled into the overall time frame more 
loosely. The individual studies and investigations leading to the dam and reservoir 
configuration study are described in more detail in the next paragraphs. Upon 
completion of the various elements, an “integrative” study should synthesize the 
intelligence gathered and make it usable for and supportive of decision making.
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Mainstream development impact study

9.11 The basin’s fisheries resources are of immense value. The delta and Great 
Lake fisheries are the most productive and account for the major portion of 

the annual catch in the basin. Any development of the Mekong mainstream or of 
the Great Lake/Tonle Sap complex will have an impact on these resources.

9.12 The annual inundations in the delta may well be a considerable source of 
fertility to the lands affected. In Kampuchea colmaiage is practiced to 

enhance the sedimentation effect. Again, mainstream development would 
negatively influence this effect.

9.13 The mainstream development impact study would provide a quantified 
assessment of these effects. It would provide a broad estimate of the effects 

on fisheries, both negative and positive of (a) mainstream cascade development 
and (b) modifying the regime of the Great Lake. The estimate concerning cascade 
development would have to differentiate for various stages of such development.

9.14 The study would be complementary to the fisheries sector study for the 
Vietnamese delta proposed in Section C, and its terms of reference should be 

drawn up accordingly. The study would be completed in approximately one year, 
and require 30 months of expertise in fisheries, aquaculture, water quality 
modelling, hydrology, soils, fishery economics and agro-economics. The budget 
requirements are estimated at USS 600,000 all in.

Figure 12. Hierarchy of basin-wide studies and investigations

Study of impact of 
mainstream storage 
on fisheries and 
soil fertility 
downstream

Agricultural 
diversification study

Sediment and 
erosion study

Low Pa Mong and 
Nam Theun 2 
feasibility studies

Organizational and 
legal studies

Integrative study

Mekong delta master 
plan, Viet Nam

Mekong dam 
and reservoir 

configuration study

Land and water 
resources master plan 
Northeastern Thailand
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Agricultural diversification study

9.15 Over the last decade, several Asian countries have reached the threshold of 
self-sufficiency in paddy production. As a result, international rice prices are 

low at present, and will continue to be low compared with the sixties and seventies. 
Projects geared to paddy production in rice-exporting countries will accordingly 
have low rates of profitability and may no longer be viable.

9.16 In these conditions, agricultural diversification has become the main point of 
focus in agricultural development in large areas of the basin. Yet, 

traditionally being oriented to rice cultivation, the farming systems concerned, the 
extension services, the irrigation technology, the agricultural research, and the 
price and market policies are little geared to exploring and stimulating other types 
of irrigated and rainfed agriculture. The changes in farm practices that are likely to 
mature with the passage of time will affect future water resources development, 
and thus feed into the land and water resources master plan for Northeastern 
Thailand.

9.17 The study proposed here should provide a framework for more'detailed 
studies and research at a later stage. It should cover farming systems, 

extension services, irrigation technology, agriculture research, and, most 
important of all, the price and marketing aspects. The study would last four 
months and should be carried out by an irrigation engineer, an agriculturist and an 
agro-economist. The budget requirements are estimated at US$ 300,000, all in.

Land and water resources master plan, Northeastern Thailand

9.18 The development of Northeastern Thailand lags considerably behind the rest 
of the country. The region suffers from lack of water in the dry season, both 

for agriculture and domestic use, flooding in the wet season, limited possibilities to 
store water, and rather poor soils. These conditions account for much of the 
concentration of poverty and low economic growth in this primarily agricultural 
region. The Mekong, which borders the region to the north and east, is an as yet 
largely untapped resource. Mainstream development would be a way of securing 
dry season flows for Northeastern Thailand.

9.19 A study is proposed to formulate a master plan for the overall development 
and management of the water resources of the northeast, including those of 

the Mekong river in line with government strategies for development of the region. 
The basic objectives of the study are: (1) to identify the available resources in place 
and time, (2) to establish for the various land units and farming systems feasible, 
environmentally sustainable models of agricultural and related development; (3) to 
assess the water needs of such development and those of water supply and other 
sectors; (4) to establish feasible means of developing the potential and meeting the 
region’s demands; (5) to recommend detailed strategies for development of the 
land and water resources; and (6) to recommend an implementation programme 
for the next 10-15 years.

9.20 The study would draw upon the results of the agricultural diversification 
study and upon the study on rainfed agriculture in Northeastern Thailand 

(see Para. 9.44) and would provide important input into the dam and reservoir 
configuration study.

9.21 The study would be completed in 18 months and would require an estimated 
US$ 2.4 million. It would be conducted in two phases of 6 and 12 months 

each. The first phase would aim at providing the Thai government an overview of 
possible development scenarios and their associated cost and benefits at desk study 
level. The second phase would concentrate on elaborating the most likely 
scenario(s).
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Sediment and erosion study

9.22 The sediment and erosion study is not meant to be a planning exercise. Its 
main objective is to confirm sedimentation estimates that bear upon the 

design and life of the storage reservoirs in the dam and reservoir configuration 
study. It is proposed not only to measure river sediment but also to survey the 
erosion source areas by means of remote sensing, and assess likely scenarios for 
future erosion rates.

9.23 The sediment and erosion study proposed here fits in closely with work both 
ongoing and intended in the field of environment in the Mekong Secretariat.

The study would be complementary to this work, and its terms of reference should 
be drawn up accordingly. The missing component in the ongoing and intended 
studies concerns the areas where there is erosion, projections as to future erosion 
and sediment loads, and the relationships between erosion and, ultimately, the 
sediment load in the rivers. The budget required for the study, in its 
complementary format, is estimated at US$ 200,000.

Low Pa Mong and Nam Theun 2 feasibility studies

9.24 The outstanding issues concerning Low Pa Mong and Nam Theun 2 are 
summarized in Section D of this chapter. It is worth noting that in the 

optimization of Pa Mong, problems of encroachment on an upstream dam and 
reservoir project such as Upper Chiang Khan will be critical considerations and 
should be fully accounted for in the feasibility study. The importance of these 
studies to the dam and reservoir configuration study is in their confirming the 
strategies for development of this part of the Mekong Cascade. They will also 
provide a good basis for checking cost estimates, agro-economics and other aspects 
for the remaining dams and reservoirs to be covered in the dam and reservoir 
configuration study.

9.25 The two feasibility studies, including examination of the irrigation and 
downstream effects, are estimated to cost US$ 4.8 million for Low Pa Mong 

and US$ 3.8 million for Nam Theun 2.

Dam and reservoir configuration study

9.26 The objectives of the dam and reservoir configuration study are to determine 
a range of reasonable configurations, modes of operation, and the feasibility 

of a limited number of dams and reservoirs, on both combined and individual 
bases. The dam and reservoir configuration study is thus a search for a phased, 
optimal (multicriteria-based) configuration of river regulation upstream of the 
delta, including the Tonle Sap project. The dynamic integration of supply and 
demand with respect to hydropower, irrigation and low flow should, however, not 
be undertaken under the dam and reservoir configuration study, but be included in 
the integrative study.

9.27 The study should investigate alternatives for development of the Stung Treng 
site, as the dam envisaged in the 1970 plan may no longer be feasible. The 

Secretariat already intends to study at desk level this aspect, along with the 
proposed barrage at Tonle Sap, in the near future.

9.28 The dam and reservoir configuration study would aim to be conclusive. It 
should not aim at analysis under “if conditions" for major variables such as 

the physical feasibility of dams, the socioeconomic situation in the reservoir area 
and its wider surroundings, and so on. The study would require: (1) individual and 
combined operation studies for all major reservoirs considered in the study; (2) 
engineering and cost estimation studies, including limited site inspection, drilling
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and mapping data; (3) power demand studies; (4) agricultural and irrigation 
studies; (5) remote sensing, aerial photography and the corresponding surveying; 
and (6) economic analysis. The dams and reservoirs to be considered in the study 
would be selected on the basis of a reasonably long time frame, perhaps 30-50 
years. The selection should be given in the terms of reference for the study.

9.29 The study would be completed in approximately two years, and would 
require an estimated 100 months of expertise and some mapping and 

investigations at a total budget of US$ 2.5 million.

Mekong delta master plan, Viet Nam

9.30 Detailed terms of reference for the Mekong delta master plan have already 
been drawn up. The basic objectives are: (1) the establishment of a 

framework for integrated land and water resources development in the delta, (2) 
the establishment of implementable short-range and medium-range scenarios, and 
(3) a perspective for the long range taking into account the influence of the 
upstream developments. A side condition formulated in the terms of reference 
requests the master plan study to format output of relevance to other basin-wide 
studies in such a way that the necessary linkages are secured. The study should 
yield: (1) an overall evaluation of land, water and related resources in the delta, 
(2) an integrated plan for delta development, (3) the likely scenario of phased 
demand for fresh water, (4) proposal for a 1991-1995 implementation plan and for 
a 1996-2005 perspective plan, and (5) some feasibility studies of certain priority 
projects.

9.31 The study has been budgeted at US$ 3.5 million, to which should be added 
the value of the extensive input into the study by the Vietnamese partner.

Organizational and legal studies

9.32 The Projects of the Mekong Cascade and the major tributary projects have 
international dimensions of some complexity. In some cases, these 

international dimensions are binational; in other cases three or four nations will be 
involved. This study will review the issues of common utilization of shared water 
and will indicate possible organizational and legal frameworks under which the 
international developments of the dam and reservoir configuration study might be 
implemented.

9.33 At this stage it is not possible to describe these studies fully. They will, 
however, certainly have to (1) analyse relevant aspects of the legal system in 

each riparian country; (2) analyse existing agreements and rights established in the 
basin either formally or informally; (3) sample and analyse legal problems and 
solutions in similar conditions elsewhere in the world (e.g. India and Pakistan on 
the Indus; Zambia and Zimbabwe on the Zambezi; Brazil, Paraguay and 
Argentina on the Parana; and the riparian countries on the Nile); (4) analyse 
possible organizational models fitting in with the administrative structures in the 
riparian countries; (5) sample and analyse such models in similar conditions 
elsewhere in the world; and (6) analyse the technical, economic and political 
aspects of various possible legal and organizational models.

9.34 The organizational and legal studies will necessarily spread over 2-3 years, 
interspersed with high-level consultation and communication. They will 

involve lawyers versed in this type of international problem, organization 
specialists with a similar background, engineers and economists. The budget 
requirements are estimated at US$ 2.0 million, equivalent to 60 months of 
international and specialized legal and organizational expertise.



Integrative study

9.35 At the end of the day when the other elements of the “hierarchy of studies” 
have been completed, the intelligence gathered should be brought together 

and synthesized. The integrative study should support decision-making on the 
basin’s development against a reality of different, yet shared interests in the 
riparian countries, which are sovereign nations. It should therefore have a strong 
analytical character, rather than be aimed at producing a “plan”.

9.36 The integrative study should be aimed at the formulation and analysis of a 
number of possible scenarios for basin-wide development, based on: (1) the 

economics, timing and other salient aspects of the development of the delta, (2) 
the economics, timing and other salient aspects of upstream developments 
(including power generation, irrigation, dams and reservoirs), and (3) the 
organizational and legal aspects.

9.37 The integrative study would last about one year. It would require an 
estimated 50 months of expertise in reservoir operations and power studies, 

hydrology, economics, organizational and institutional aspects, irrigation and 
drainage, engineering and the environment. The study would be budgeted at 
USS 1.2 million.

Timing and overall budget for basin-wide studies

9.38 The estimated timing of the basin-wide studies is given in Figure 13. The 
corresponding budget is presented in Table 27. No costs have been included 

for design, nor for drafting the terms of reference for the various studies.

Table 27. Estimated budget requirements for basin-wide studies (1987 USS million)

Study Year Total

1988 1989 1990 1991 1992 1993 1994 1995 1996

1. Low Pa Mong and Nam Theun2
feasibility studies 0.1 2.6 4.2 1.7 8.6

2. Sediment and erosion study 0.1 0.1 0.2
3. Agricultural diversification study 0.3 0.3
4. Mainstream development impact study 0.6 0.6
5. Mekong delta master plan 1.0 1.0 1.5 3.5’
6. Land and water resources master plan,

Northeastern Thailand 0.8 1.6 2.4
7. Organizational and legal studies 1.0 1.0 2.0
8. Dam and reservoir configuration study 1.4 1.1 2.5
9. Integrative study 0.6 0.6 1.2

Total 0.2 4.8 7.4 4.2 1.0 1.4 1.1 0.6 0.6 21.3

Note: The budget refers to 1987 US dollars and 1987 exchange rates. 
1Only the expatriate expertise



C. The country-wide studies and investigations

Lao PDR

9.39 In Lao PDR, the irrigation projects identified and included in the investment 
plan are insufficient to meet the increasing demand for rice. Because of this, 

two interventions are needed.

• a study of the agricultural potential in the northern provinces;
• a project aimed at raising the productivity of existing irrigation schemes.

9.40 The study of the agricultural potential of the northern region would have the 
following components:

• survey and inventory of existing cultivated areas
• analysis of the existing farming systems
• formulation of projects and programmes aimed at raising the productivity of 

existing farmland
• quantification of the need for expansion of arable land and identification of 
potential areas for such expansion.

9.41 The study would be undertaken at detailed reconnaissance level and would 
produce an agricultural potential master plan. It would (1) require 24 man

months of international consultancy in soils, hydrology, agronomy, agro
economics, irrigation and drainage, forestry and the environment, and remote 
sensing, (2) take approximately six months from start up to and including final 
reporting, (3) start late 1988/early 1989, and (4) require a budget of approximately 
US$ 500,000, all in, provided maps are available at scales of 1:100,000 or 
preferably 1:50,000.

Low Pa Mong and Nam Theun 2 
Feasibility Studies

Sediment and erosion study

Agricultural diversification study

Study of impact of mainstream 
storage on fisheries and 
soil fertility downstream

Delta master plan study

Land and water resources 
master plan, 
Northeastern Thailand

Organizational and legal studies

Dam and reservoir configuration study

Integrative study

Figure 13. Tentative time schedule of basin-wide studies
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9.42 The project aiming at improving the productivity of existing irrigation schemes 

will be a combination of study and design. It should be concentrated on some 
10,000 ha of existing irrigation, and be aimed at the design of on-farm 
development leading to improved water management, which is the most critical 
deficiency. Rather than consultancy, the project should be viewed as concerning 
technical assistance with the aim both to design on-farm development and to train 
counterpart capacity. It is estimated that the project would require two irrigation 
and drainage engineers and one water management specialist for 12 months each, 
with a counterpart contribution consisting of engineers, extension service officers, 
draughting staff, surveyors, and miscellaneous logistics staff. The foreign exchange 
costs are estimated at US$ 600,000. The project should start soon, and does not 
require preparation other than the formulation of the terms of reference, the 
arrangement of funding and technical assistance, and the formulation of the 
organizational setup in the recipient agency.

9.43 In the closing stage of the preparation of this report, the Lao PDR expressed 
its interest in a study that would identify small (20-50 MW) hydropower 

projects in the central region of the country to provide energy for that region. 
Particular mention was made of the Sc Ban Hieng and Se Bang Fai basins and of 
Nam Theun 4. The Secretariat is prepared to conduct a desk study despite the lack 
of data to forecast with any degree of accuracy the demand for energy in the 
region.

Thailand

9.44 There is a need for a study on rainfed agriculture in Northeastern Thailand.
The study would feed into the land and water resources master plan discussed 

earlier. Further expansion of agricultural production in the northeast will have to 
come largely from intensification of its present base. Given that some 70% of the 
population rely on rainfed production, development of the region largely rests on 
improvements for this sector. Despite the limited potential due to poor soils and 
unreliable rainfall, there is ample scope for productivity increase by introducing 
suitable farming systems and improving supporting services.

9.45 A study is proposed to formulate a programme for development of rainfed 
agriculture in the northeast. The main components would be as follows: (1) 

inventory of available resources, (2) review of existing services and programmes. 
(3) analysis of the existing farming systems, (4) identification of farming systems 
suited to the various topographic and environmental conditions in the region, (5) 
formulation of an adequate package of supporting services, including credit, 
extension and marketing, and (6) formulation of a short-to-medium-term 
implementation programme.

9.46 In line with government strategies, the study would pay special attention to 
formulating recommendations on the promotion of integrated farming. The 

study would be carried out prior to the land and water resources master plan for 
Northeastern Thailand and draw upon the results of the recently completed study 
on the investigations and preparation of a water resource development programme 
for Northeastern Thailand.

9.47 The study would be completed in 6 months and would require a budget of 
approximately US$ 600,000.

9.48 Deforestation has also reduced forest cover in Northeastern Thailand 
significantly during the last decade. Watershed degradation is significant in 

areas where slopes are steep and soils arc easily erodiblc. Although there 
have been attempts, to rectify the situation through reforestation of some 
watersheds recently, the rate of deforestation and degradation apparently 
outweighs localized corrective efforts.
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9.49 A study on watershed management has therefore been formulated with a view 

to delineating the areas affected by deforestation, identifying the mechanisms 
of watershed degradation, and determining corrective and preventive measures 
suitable for the types of degradation identified in the areas. It would be completed 
in 12 months and would require a budget of approximately US$ 300,000.

9.50 A significant part of the lower Mekong basin, especially Northeastern 
Thailand, has sandy soils with low fertility. Soil erosion as mentioned above, 

siltation, and reduced crop yields are endangering the living standards of the 
population in the region, which is already the poorest in the country.

9.51 A soil conservation study would be carried out to formulate appropriate 
management measures for soil conservation. This study would be completed 

in one year and would require a budget of approximately US$ 200,000.

Viet Nam

9.52 Apart from the delta master plan there are three aspects of delta 
development in Viet Nam which require special studies and investigations.

These areas are (1) technical assistance to prepare project studies up to 
international funding standards, (2) a fisheries sector study, and (3) a navigation 
sector study.

9.53 Technical assistance in project appraisal should concern economic project 
analysis and project-economic reporting, and include a strong training 

component. The project should cover a pilot phase of 2 years, with a possible 
extension of 1-3 years. One experienced project economist and one agro
economist would be required. The budget required for the full 48 work-month 
programme of technical assistance is estimated at US$ 1 million, including 
appropriate computer hardware and software. The project could start at any 
moment, depending on the conclusion of the required funding arrangements and 
the selection of the economists.

9.54 Delta fisheries sector study. The most recent fisheries sector study in the delta 
dates back to 1973. In these conditions, a new study is urgently required, and 

should be undertaken at detailed reconnaissance level. The study should (1) review 
the present state of affairs in the fresh, riverine brackish, coastal, and aquacultural 
fisheries, (2) discuss past trends, development potentials and constraining factors, 
and (3) produce a reconnaissance-level master plan for the development of the 
sector. The study should be based primarily on secondary data sources, augmented 
by site visits. The study would last 4 months and require approximately 18 months 
of expertise in aquaculture, riverine and coastal fisheries, fishery technology, 
fishery economics, fishery logistics, and fishing systems. Counterpart expertise 
would be necessary. The budget is estimated at US$ 360,000. If started soon, it 
would be of substantial assistance to the Mekong delta master plan and the 
mainstream development impact study, and its results could be integrated with the 
overall master plan.

9.55 Navigation sector study. Ongoing waterway improvement, transport 
development, institutional strengthening and port improvement work should 

be integrated in a master plan for transport development in the Mekong delta. 
Such a plan should be based on a sector study including traffic studies, to provide a 
ten-year forecast of transport flows with indicative trends for a further ten years; 
studies of the navigability of the present waterway system and of measures for 
improvement; and study of fleet and fleet operation, port and port operation, and 
organization, management and training.



95
9.56 The study should be based on secondary data sources, supplemented by 

additional investigations, whenever necessary. It would last some 8 months 
and require approximately 23 months of expertise in transportation engineering (8 
months), transport economics (6), ports (2), fleet operation (2), organization (2) 
and other disciplines (3). Counterpart support will be necessary for data collection 
and processing and the hydrographic surveys, if any. The budget is estimated at 
USS 103,000.

9.57 The results of the navigation study will show the constraints for navigation 
development and will give methods and priorities for their elimination. The 

results will assist the delta master plan study.

Timing and budget

9.58 The country studies are required with some urgency. Allowing for about one 
year (from publication of this report), they may start early in 1989. The 

timing and the budget are given in Table 28.

D. The power projects: related studies and investigations

International projects

9.59 The Low Pa Mong, Nam Theun 2 and Nam Ngum 2 (the latter two both Lao 
PDR) projects have been studied at prefeasibility level. This section discusses 

the outstanding issues concerning these schemes and outlines the studies and 
investigations needed to resolve these issues.

9.60 If the Nam Theun 2 project is preferred to the Nam Ngum 2 project (see 
Chapter 6), no further study needs to be undertaken on Nam Ngum 2 over 

the next decade. If this is not the case, since the layout of the Nam Ngum 2 scheme 
is relatively simple, no special problems would need to be solved prior to the 
feasibility study. The geological conditions at the site are suitable either for an 
embankment dam or a concrete dam (gravity or arch dam). Both abutments 
consist of thickly bedded sandstone, and overburden covers only the river bed and 
the lower part of the right abutment.

Table 28. Budget for country studies (1987 US$ million)

Study Year Total

1989 1990 1991

Lao PDR
Agricultural potential, northern region 0.5 0.5
Productivity of existing irrigation: technical assistance 0.2 0.4 0.6

Thailand
Development of rainfed agriculture in
Northeastern Thailand 0.6 0.6
Watershed management study 0.2 0.2
Soil conservation study 0.2 0.2

Viet Nam
Technical assistance for project appraisal 0.2 0.5 0.3 1.0
Fisheries sector study 04 04
Navigation sector study 0.3 0.2 0.5

Total 26 11 0.3 40
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9.61 Several questions need to be answered before construction of Low Pa Mong 

could start. Optimization of the full supply level will be influenced by two 
major issues: the required resettlement, and optimization of the potential of the Pa 
Mong-Chiang Khan part of the cascade. These aspects should be regarded as two 
components of one study.

9 62 Resettlement. The resettlement study performed in 1978 was made within the 
concept of a Pa Mong 250. It suffered from a lack of data on the Lao side, 

provides little information on the distribution of the population at the lower 
elevations, and should be regarded as rather outdated.

9.63 Optimization of the Low Pa Mong — Upper Chiang Khan potential. In order 
to exploit the huge potential (even with FSL considerably lower than 

originally anticipated) of the Pa Mong site, the scheme could be divided into a 
cascade having a second dam upstream of the town of Chiang Khan. Although it is 
by no means sure which would be the mainstream project to be built after Pa 
Mong, care should be taken to ensure optimum exploitation of existing resources 
both with respect to power production and to the satisfaction of the water 
requirements in the riparian countries.

9.64 Other issues that should receive special attention are: (a) reservoir 
sedimentation, a minor issue for a high Pa Mong but a much more critical 

issue for a low Pa Mong, (b) downstream releases and the question of whether an 
afterbay would be required, (c) downstream river bed degradation, (d) the turbine 
type (head varying from 20-50 m), (e) downstream effects, (f) the effect on the 
viability of downstream dams, particularly Upper Thakhek and Ban Koum, of the 
much smaller degree of flow regulation provided by Low Pa Mong-Upper Chiang 
Khan when compared to the earlier High Pa Mong and the trade-offs involved, 
and (g) the institutional and organizational aspects of a border scheme with 
important downstream effects in other countries.

9.65 In the light of the above, a feasibility study is recommended. It should 
include, but not be limited to (a) optimization of the FSL, taking into account 

the optimum exploitation of the Low Pa Mong-Upper Chiang Khan part of the 
cascade, and the exact location of the dam; (b) the possibility of creating an 
afterbay reservoir to regulate power releases; (c) a resettlement study; (d) study of 
downstream effects and environmental impact; (e) downstream river bed 
degradation; (f) the identification at reconnaissance/prefeasibility level of the 
irrigation potential of Low Pa Mong in Lao PDR and Thai territory; (g) the impact 
on navigation and possible measures to be taken; and (h) institutional and 
organizational aspects. The cost of such a study is estimated at US$ 4,800,000. 
Subsequently detailed design, tendering and tender evaluation, and award would 
be required. The cost of the latter is estimated at US$ 3,100,000.

9.66 Issues which have to be clarified before a final decision to build Nam Theun 2 
can be taken are: (a) the location of the power house, either discharging into 

the Nam Kathang or into the Nam Hin Boun, depending on a full assessment of 
the Nam Hin Boun cave, (b) the dam type and its precise location, (c) the cost and 
length of time needed to clear the forest from the reservoir area; (d) geological 
aspects, specifically the potential effect of evaporites in the reservoir area, (e) 
study of downstream effects and environmental impact, specifically the impact of 
the large diversion of flow to another subbasin, (f) the institutional and 
organizational aspects, specifically the possibility of joint ownership and operation 
to intertwine the interests of both the exporter and the importer. In the light of 
this, preparation prior to project implementation should be divided into three 
phases: (i) confirmation of the present scheme layout, (ii) feasibility study, and (Ui) 
final design. The first phase entails topographical and geological surveys of the 
cave, river survey and discharge measurements, and an assessment whether 
diversion to the Nam Hin Boun is feasible.
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9.67 The feasibility study will have to: (a) address the issues mentioned above; (b) 

assess the irrigation potential in the Nam Hin Boun and Sc Bang Fai valleys, 
(c) investigate the precise resettlement requirements and how resettlers should be 
accommodated or compensated, and (d) define the main characteristics and 
establish the overall feasibility of the scheme. In the latter, the potential and 
benefits of low flow increases downstream should not be overlooked. Costs for the 
above studies including investigations and surveys are estimated at USS 140,000 
and USS 3,700,000 respectively for phases (i) and (ii) above. The cost of detailed 
design is estimated at USS 2,400,000.

9.68 The additional cost of incorporating a study on the staged development of the 
Nam Theun site is estimated at US$ 300,000. This amount is included in the 

budget.

National projects

9.69 Outstanding issues as regards the transmission line from Nam Ngum I to 
Luang Prabang in Lao PDR are (a) review of the demand forecast; (b) 

optimization of the carrying capacity against different time frames, considering, for 
instance, the possibility to build immediately a double-circuit line, for which the 
second circuit would be installed later; and (c) the subsequent optimization of the 
preliminary design. After that the detailed design, specifications and tender 
documents should be prepared. The costs for all of the above are estimated at USS 
600,000 and the duration at 8 months.

9.70 For the Nam Chern and Pak Mun projects in Thailand the preparatory 
studies have been completed and final design could start. For Nam Chern the 

most important issue to be decided is the desired in-service date of the power 
plant. Detailed design and tender documents of the power component could start 
as soon as necessary; its cost has been estimated at US$ 1,500.000 and its 
realization time at 12 months, including preselection of contractors and equipment 
manufacturers. A detailed topographic survey would be required prior to detailed 
design of the irrigation component. The cost of surveys, detailed design and 
preparation of tender documents is estimated at US$ 800,000, its duration at 12 
months.

9.71 With respect to the power aspect of Pak Mun the outstanding issues are also 
minor. The most noteworthy concern alternative types of turbines and 

optimization of the spillway design. However, for the irrigation component there is 
still considerable divergence of opinion which affects not only the irrigation project 
itself but might also affect the power scheme. These issues relate to the location 
and extent of irrigated areas, and whether power development should be given 
priority over irrigation development. As the Pak Mun project is included in the 
EGAT work programme these issues need to be resolved with some urgency. The 
costs of irrigation studies are estimated at USS 7(X),(XX), of which USS 2(X),(XX) for 
mapping and surveys. A similar amount is required for detailed design. The cost of 
further geotechnical investigations, hydraulic model tests, detailed design and 
preselection of contractors for the power project is estimated at USS 1,7(X).(XX).

9.72 The Yali balls Large (Viet Nam) project has been studied at desk level after a 
site identification. The present data, particularly the hydrological 

characteristics, need to be confirmed. Before construction, successively (I) a 
prefeasibility study, (2) a feasibility study, and (3) detailed design, specifications 
and tender documents arc required, including appropriate surveys, investigations 
and hydraulic model tests in the various phases. The costs have been estimated at 
1987 US$ 650,000, US$ 2,050,000 and USS 2,200,000, and durations at 10, 18 and 
15 months respectively for these three phases.
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9.73 The construction of Yali Falls Large may anyway be preceded by Yali Falls 

Small, which would provide the power for the construction of Yali Falls 
Large. Before detailed studies on Yali Falls Small can be meaningfully concluded it 
is necessary to establish at prefeasibility level the design of the Yali Falls Large 
project and the linkages between the small and the large schemes from all relevant 
points of view.

9.74 To proceed, therefore, the following is recommended: (1) a prefeasibility 
study for Yali Falls Large, to define scheme layout and assess the viability of 

constructing a Yali Falls Small, followed by either (2a) a feasibility study of the 165 
m head scheme, or (2 b) a review of the feasibility study of the 50 m head scheme, 
and subsequently either (3a) final design of the 165 m head scheme, or (3b) final 
design of the 50 m head scheme. The cost and time needed for these studies, 
investigations and surveys are estimated at 1987 US$ 650,000 and 10 months for 
stage 1, US$ 650,000 and 12 months for stage 2a or US$ 400,000 and 8 months for 
stage 2b, and US$ 1,000,000 and 12 months for Stage 3a or US$ 900,000 and 10 
months for stage 3b.

9.75 The timing of the above studies is given in Figure 14, and the budget 
requirements in Table 29.

Table 29. Estimated budget requirements for power project studies including design (1987 
US$ million)

Project Year Total

1988 1989 1990 1991 1992 1993 Unsche
duled

1Scheduling depending upon required in-service date; including irrigation, 
irrigation.
3Unlikely to be undertaken.

Low Pa Mong 2.0 2.4 0.4 1.6 1.5 7.9
Nam Theun 2 0.1 0.9 1.8 1.3 1.2 1.2 6.5
Transmission line 0.2 0.4 0.6
Nam Chern 2.31 2.3
Pak Mun 0.72 1.7 0.7 3.1
Yali Falls Large 0.7 1.2 0.8 0.3 1.9 1.7
Yali Falls Small 0.7 0.2 0.8 1.7
Total 1.7 6.9 5.9 2.8 4.7 2.7 2.3 27.0
Nam Ngum 2 0.5 1.2 0.3 1.6 3.63

E. The irrigation projects: related studies and investigations

Lao PDR

9.76 The Nam Ngum pump irrigation project has reached the final design stage, 
while some mapping is still outstanding. To assist with final design, 

particularly the on-farm water distribution system and the pump stations, and to 
provide training, 36 months of technical assistance are envisaged, at a cost of 
approximately US$ 700,000 spread over a period of two years.

9.77 With respect to small-scale irrigation in the north, technical assistance is 
required for site identification, design, assistance with construction, and 

training. At present, four schemes of typically 45 ha each are implemented 
annually. That number is envisaged to increase to ten. One expert will be needed 
for two years, at a cost estimated at US$ 500,000.
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Figure 14. Project-related studies and investigations: power and multipurpose projects.
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9.78 The small pump irrigation project is aimed at the development of about three 

units of typically 200 ha each per year along the Mekong river and the lower 
reaches of the major tributaries. Again, one expert would be needed for about two 
years to help the project to a good start, at an estimated cost of US$ 500,000.

9.79 There is a reconnaissance/prefeasibility report on the Nam Cheng project. To 
solve the many issues still outstanding, a feasibility study should be 

undertaken prior to final design. Feasibility study and final design are estimated to 
take one and two years respectively, at a cost estimated at US$ 700,000 each.

9.80 Figure 15 presents the timing of these studies; Table 30 the budget 
requirements.

Table 30. Budget requirements for the irrigation project 
studies, including design, Lao PDR 
(1987 US$ million)

Project Year Total

1988 1989 1990 1991

Nam Ngum pump 0.3 0.3 0.1 0.7
Small-scale irrigation 0.1 0.2 0.2 0.5
Small pump subsector 0.1 0.2 0.2 0.5
Nam Cheng 0.5 0.5 0.4 1.4

Total 0.2 1.2 1.2 0.5 3.1

Thailand

9.81 The Nam Suai project is ready for detailed design, although some site-specific 
investigations are still outstanding. The project is subdivided into two phases, 

with the second phase following the first without interruption. Design and site 
investigations for the second phase should be undertaken in the last two years of 
construction of the first phase. The cost is estimated at US$ 1.1 million and 
US$ 0.4 million for stages 1 and 2 respectively.

9.82 A prefeasibility study has recently been completed on the Upper Chi 
irrigation project. The project should proceed to feasibility stage, followed by 

final design. The feasibility study would take about 8 months at a cost estimated at 
US$ 0.8 million; final design would also take 8 months at a cost estimated at 
US$ 0.9 million.

9.83 The Nam Songkhram project is complex. It covers a net irrigable area of 
some 42,600 ha and has been recommended to be constructed in two stages.

A prefeasibility study has been completed. The feasibility study should cover the 
whole project, not just stage 1, and should go beyond a mere irrigation project, to 
cover rural development aspects. After feasibility study, the project should 
proceed to final design. Feasibility study and final design are estimated to take 
2 years each, at a cost of US$ 2.5 million and US$ 2.6 million respectively.

9.84 The Nam Loeiproject is in the identification phase. The final site has still to 
be selected. The project requires a combined prefeasibility and feasibility 

study and, subsequently, final design. The costs are estimated at US$ 1.0 million 
and US$ 1.1 million for study and final design respectively.

*9.85 The timing for these studies is given in Figure 15; estimated budget 
requirements in Table 31.
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Figure 15. Project-related studies and investigations: irrigation projects
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Table 31. Estimated budget requirements for irrigation project studies, including design, Thailand (1987 US$ million)

Project Year

1990 1991 1992 1993 1994 1995 1996

Total

1988 1989

Nam Suai . 0.3 0.8 0.4 1.5
Upper Chi 0.2 0.6 0.9 1.7
Nam Songkhram 0.5 1.0 1.0 0.5 1.5 0.6 5.1
Nam Loei 0.6 0.4 0.8 0.3 2.1

Total 0.5 1.9 1.9 1.0 0.5 2.5 1.0 0.8 0.3 10.4'

1Excluding Nam Chern and Pak Mun irrigation (which are included in Table 29).

Viet Nam

9.86 Most of the work for the Viet Nam delta irrigation projects is handled by the 
various government agencies involved. There is a need, however, to upgrade 

project reports to international funding standards. Technical assistance would 
seem to be called for, possibly for a 5-year period with a first phase of 2 years.
Only the latter is budgeted here. It would require 48 months of expatriate technical 
assistance in project economics and agricultural economics, to help prepare 
economic project analyses and train a sufficient number of Vietnamese officers in 
these fields. The cost is estimated at US$ 1.0 million.

F. Consolidated budget for the Action Programme of studies and 
investigations

9. 87 Table 32 presents the consolidated budget requirements of the basin-wide, 
the country-specific and the project-specific studies and investigations.

9. 88 It is stressed that the costs as summarized exclude the cost of navigation and 
fisheries projects (except the delta navigation and fisheries sector studies), 

environmental data gathering and studies (except those included in the basin-wide, 
country-wide and project studies as specified), and the cost of a large number of 
regular Secretariat activities such as its hydrological and environmental data 
gathering efforts, flood and low flow forecasting, and so on. The budgets are given 
in 1987 US dollars using 1987 conversion rates.
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Table 32. Consolidated budget for studies and investigations (1987 US$ million)

Activity Year
1990 1991 1992 1993 1994 1995 1996 Unsche

duled

Total

1988 1989

Basin-wide

Integrative study 0.6 0.6 1.2
Second-tier studies 1.8 2.6 2.5 1.0 1.4 1.1 10.4
Basic studies1 0.1 0.4 0.6 1.1

Subtotal 0.1 2.2 3.2 2.5 1.0 1.4 1.1 0.6 0.6 12.7

Country-wide

Lao PDR 0.7 0.4 1.1
Thailand 1.0 1.0
Viet Nam 0.9 0.7 0.3 1.9

Subtotal 2.6 1.1 0.3 4.0

Project-specific2

Power
International3 0.1 2.9 4.2 1.7 2.8 2.7 14.4
Lao PDR 0.2 0.4 0.6
Thailand 0.7 1.7 0.7 (2.3)4 5.4
Viet Nam 0.7 1.9 1.0 1.1 1.9 6.6

Subtotal 1.7 6.9 5.9 2.8 4.7 2.7 (23)4 27.0
Irrigation
Lao PDR 0.2 1.2 1.2 0.5 3.1
Thailand 0.5 1.9 1.9 1.0 0.5 2.5 1.0 0.8 0.3 10.4
Viet Nam5

Subtotal 0.7 3.1 3.1 1.5 0.5 2.5 1.0 0.8 0.3 13.5
Grand total 2.5 14.8 13.3 7.1 6.2 6.6 2.1 1.4 0.9 (2.3)4 57.2

'Excluding Pa Mong and Nam Theun 2 feasibility studies, which are included under project-specific, 
2including design.
3Excluding the Nam Ngum 2 feasibility study.
4Unscheduled, depending upon required in-service date.
5Excluding technical assistance for project analysis which is included under country-wide.
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10 Institutional strengthening

A. The need for reinforcement

10.01 Earlier efforts aimed at a consolidated view of the basin’s development 
potential and at establishing a programme of action for the short and 

medium term took place in 1958 and 1970. Each time the effort led to increased 
investment in the basin. The investment plan and action programme herein 
described may be expected to have a similar effect.

10.02 Bringing the proposals herein to fruition will be the work of the National 
Mekong Committees, in conjunction with the Mekong Secretariat. Their 

work load is bound to increase sharply in the years to come.

10.03 The relationship between the National Committees and the Secretariat 
could be strengthened effectively only if the National Committees are 

strengthened. While this is not specified in this report, an in-depth professional 
review of this matter is urgently required prior to the consideration of 
strengthening the Secretariat; this could possibly be formulated as a special-focus 
investigation by UNDP. A strengthening of the National Committees to the extent 
that these could perfectly match and fully cooperate with the Secretariat could 
reduce the burden as well as the cost of activities by the Secretariat. However, the 
reinforcement of the institutional infrastructure presented hereafter is aimed only 
at improving the Secretariat, in line with the increased activities expected in the 
development of the lower Mekong resources.

B. Mandate and functions of the Mekong Secretariat

10 .04 The Mekong Secretariat, the head of which is the Executive Agent, is the 
executive body of the Interim Committee for Coordination of Investigations 

of the Lower Mekong Basin (the Committee). The Committee has three members: 
Lao PDR, Thailand and Viet Nam. The Committee’s main goal as laid down in its 
statute is to facilitate the comprehensive development of water and other resources 
in the lower Mekong basin.

10 .05 The Committee’s institutional framework (see Figure 16) has existed for 
many years. The link between national agencies and the Secretariat is 

formed by National Mekong Committees which have been established in each of 
the riparian countries and may convene meetings of all concerned as and when 
required. Continuous contact is thereby maintained. At the technical level, similar 
contact is also maintained between the governmental agencies concerned and the 
Secretariat’s experts.
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10.06 The National Mekong Committees also provide a forum for interministerial 

and interagency consultations within each country in relation to the work of 
the Committee.

10.07 The Committee, through the Mekong Secretariat, has four primary 
functions: programming, fund raising, managing the implementation of 

projects and coordination of activities.

10.08 Programming is the Secretariat’s basic activity. It should take into account 
member states’ national plans and maximize the attainment of its objectives 

through the development of the basin’s potential. Programming addresses (1) 
mainstream and basin-wide projects, (2) projects located in one member state 
which have a bearing on regional development, (3) projects, in general, for which 
the riparian countries request the Secretariat’s assistance, and (4) training and the 
transfer of technology among the member states, as appropriate.

10.09 Fund raising is the specific responsibility of the Executive Agent, who is the 
main link between the Committee and the countries and organizations which 

either contribute to or take an interest in the Committee’s work.

10.10 Managing the resources available to the Committee to implement projects is 
an important Secretariat function. Such resources are limited compared to 

requirements. Proper management includes the planning and utilization of 
personnel and funds to optimize productivity of inputs. This function is closely 
related to the programming described above.

10.11 Coordinating the wide range of basin development activities funded by 
different sources — bilateral donors, member governments, the UNDP, and 

multilateral organizations — is effected through the Secretariat. This vitally 
important central coordinating mechanism encourages funding sources to invest in 
Mekong development activities.

C. The future work load of the Secretariat

10.12 The Secretariat (see Figure 17) is generally capable of meeting today’s work 
load. Yet some urgent reinforcement is required even now, particularly in 

(1) monitoring and evaluation, (2) planning and economics, (3) civil engineering 
and water resources planning, (4) agronomy, and (5) environmental planning and 
management.

Figure 16. Interim Mekong Committee organization chart
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10.13 Monitoring and evaluation. The review of existing projects undertaken 

under this study has clearly indicated a need for reinforcement in monitoring 
and evaluation, both at project and Secretariat level.

• At project level, for instance, pilot fish farms built with the Committee’s 
assistance should each start a small monitoring and evaluation unit, whose 
primary task will be to monitor the progress and impact of the farm — not only 
production and cost of production, but also the number of farmers reached, the 
progress they make, problems encountered, cost and earnings from farm-level 
aquaculture, and the impact of setting out fingerlings on open-water fisheries.

• At the Secretariat level, monitoring should encompass not only construction 
progress, foreign expenditure and socioeconomic impact surveys, but also local 
expenditure, production, and operation and maintenance. Such information 
should be properly stored in computerized data banks. Some steps have already 
been taken in this direction (ref. 4.15). Guidance and coordination of 
monitoring at the project level should clearly be a Secretariat task.

10.14 Economics and planning. The Secretariat is strongly engineering-oriented. 
A stronger economics and planning contingent is needed (1) to improve and 

balance the Secretariat’s operations and long-range planning, and (2) to supervise 
and guide work done on behalf of the Secretariat by third parties.

10.15 Civil engineering and water resources planning. Much of the work in the 
Secretariat is closely related to this field. Yet, capacity is still quite limited.

10.16 Agronomy. Particularly with respect to diversified agriculture under 
different physical conditions, the Secretariat does not have enough 

professional capacity.

10.17 Environmental planning and management. The focus of the environmental 
aspects of resource development programmes has shifted from impact 

assessment to environmental planning and management; the Secretariat needs a 
data base manager to keep up with the increased work load.

10.18 The reinforcement indicated in the above paragraphs, though quite 
necessary, is insufficient with regard to the additional work load that may be 

expected for the coming years. The following additional operations are likely to 
feature prominently in the future: (a) formulation of terms of reference, (b) 
screening proposals, (c) monitoring of consultants’ studies, (d) project portfolio 
management, and (e) evaluation of progress and long-range planning. These 
operations are discussed below.

10.19 Formulation of terms of reference has been an incidental activity in the 
Secretariat in the past. In the near future it is likely to become a permanent 

part of the work load. The Secretariat may choose to hire outside consultants to 
draft terms of reference for major studies, and only take the lighter loads 
themselves. If that were the case, the Secretariat would likely farm out (1) the 
hierarchy of basin-wide studies, including the large upstream project feasibility 
studies, and (2) some major irrigation project studies. It is estimated that some 25 
work-months would be required for the drafting of these terms of reference. The 
cost of this would be in the range of US$ 300,000-500,000, depending on the type 
and origin of assistance solicited. The Secretariat would still need to guide, 
supervise and adjust the work.
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10.20 Drafting good terms of reference for a study is professionally demanding. In 

the short span of two weeks to two months the drafter has to come to grips 
with the objectives to be pursued, the product required, the problems that are 
likely to be encountered in the course of the study, major points of emphasis, and 
the professional and budgetary requirements. Depending on the type of work for 
which terms of reference have to be drafted, senior experts with relatively broad 
experience would have to be engaged from one or more of the following 
professional fields: water resources planning, dam engineering, irrigation 
engineering, agriculture, agro-economics and economics. In special cases like the 
organizational and legal studies proposed in Chapter 9, the terms of reference 
would have to be drafted by experts who have been involved in similar studies.

10.21 Screening proposals could also be conducted partly by an outside party, but 
the appraisal of proposals, selection of the consultant and contract 

negotiation are intimately connected and of strategic importance. They should 
therefore preferably be handled by the Secretariat itself.

10.22 Monitoring of consultants’ studies. The Secretariat will have to make a 
considerable effort to maintain liaison with the studies and to monitor them 

critically. Guidelines for consultants working for the Secretariat will have to be 
developed with some urgency in order to (1) enable the Secretariat to monitor the 
studies as they go along, (2) enable the Secretariat to assess the results, and (3) 
allow comparison of studies, an aspect of critical importance with regard to the 
hierarchy of studies described in Chapter 9. All this is likely to build up to a 
significant work load.

10.23 Project portfolio management is so far not done systematically by the 
Secretariat. This is related directly to the preferably annual review of the 

short/medium-term investment plan. It would consist of the following critical steps:

• establishment of an appropriate data base, organized on a project basis;
• keeping the data base up to date: (1) projects under implementation to be 

eliminated, (2) projects newly identified and/or appraised to be slotted in, (3) 
long-term price forecasts to be adjusted regularly, (4) information on crops, 
crop yields, crop budgets, and so on to be adjusted when new information has 
come in;

• maintaining project data in accordance with the multiple development 
objectives and resource constraints of the countries where the projects are 
located;

• annual reappraisal of appraisable projects in the portfolio against the above 
multiple objectives and constraints;

• ranking the thus reappraised projects using an appropriate multicriteria 
planning technique indicating both ranking orders and the interobjective and 
interresource trade-offs involved;

• formulation of one or more alternative short/medium-term investment plans, as 
an adjustment or rolling over of the earlier one.

10.24 Project portfolio management should be a permanent component of the 
Secretariat's work. It would eliminate the need to arrange for consultancy 

services, irregularly, to reformulate short/medium-term scenarios and investment 
plans. Or positively, it would enable the Secretariat to rerun and adjust the 
investment plan whenever so desired, based on up-to-date information.

10.25 Evaluation of progress and long-range planning ties in with monitoring and 
evaluation. The objective is to enable the Secretariat (1) to build up a solid 

data base on the state of affairs in the basin with respect to the various parameters 
of interest (e.g., discharges, project development, erosion, production, 
population, power markets, food balance), and (2) to use this data base to review 
regularly the long-range basin-wide development perspective, say once every 3-5 
years.
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D. Staffing consequences

10.26 For the Secretariat to absorb the increased work load envisaged and, at the 
same time, for it to rectify the weaknesses in the present operations, it 

would seem to be essential that there be changes in current staffing and an overall 
increase in staff numbers. Most, but not all, of the increases would be in addition 
to existing divisions or units.

10.27 A senior strategy planning economist should be appointed at the 
organizational level of the existing post called “senior adviser in river basin 

development”. This would balance the Secretariat’s operations by permitting 
economic in addition to engineering coverage of basin development. The 
“strategy” economist should be well-versed in the economics of water resources 
development. The task will be to give guidance to the “project preparation unit” 
and the “project portfolio management unit”, both discussed below, and, 
generally, to assist the Executive Agent in all matters concerning the economics of 
project and basin planning.

10.28 A monitoring and evaluation unit (MEU) should be established in the 
Support and Information System Division. The MEU should consist of (1) 

an agricultural economist, and (2) an engineer. It is not the intention that the 
project monitoring function of the various project officers be taken over by the 
unit. However, the unit should set guidelines, and coordinate monitoring and 
evaluation, and arrange that data are stored in a data bank. It is likely that the two 
staff members of the MEU should be recruited as additional staff to the 
Secretariat.

10.29 A project portfolio management unit (PMU) should be established in the 
Project Implementation and Monitoring Division, which might possibly be 

renamed the project preparation and implementation division. The PMU should 
perform the functions sketched in Para. 10.23. The unit should initially consist of 
one senior project economist, to be recruited as additional staff.

10.30 A project preparation unit (PPU) should be established in the Project 
Implementation and Monitoring Division. The PPU should be responsible 

for formulating terms of reference, screening proposals, and monitoring of 
consultants’ work. The unit should initially consist of one civil engineer/water 
resources planner and one agro-economist. It is not the intention that the 
monitoring of consultants’ studies be taken over entirely by the unit: this task 
should remain with the project officers. However, the unit should set guidelines 
and coordinate this activity.

10.31 An experienced agronomist in the Agriculture, Watershed Management, 
and Fisheries Unit of the Project Implementation and Monitoring Division 

should be concerned with crop diversification, particularly in the Lao PDR (central 
area) and Northeastern Thailand. As such, the agronomist would be closely 
connected with the agricultural diversification study discussed in Chapter 9.

10.32 The existing environment unit needs a full-time data base manager who will 
organize and run the data base, an essential tool in environmental planning.

10.33 The suggestions made in the above paragraphs are summarized in Table 33. 
Not all of the proposed staff would necessarily be additions as some might 

replace existing staff. Depending on recruitment within or outside the member 
countries, and based on recruitment under UNDP regulations, the budget 
consequences would vary between US$ 300,000-600,000/year. In addition, a 
budget of USS 300,000-500,000 would be required, spread over several years, to 
enable the project preparation unit (PPU) to farm out the drafting of terms of 
reference for major studies; alternatively donor assistance in-kind could be 
solicited for this task.
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E. Mathematical models

10.34 The Secretariat’s stock of mathematical models is under review. It would 
appear that a number of new or revised models are needed. Although it is 

difficult to make an estimate of budget requirements, it is noted that there appear 
to be two approaches. One would be to procure existing models from government 
agencies or universities. Especially those in the United States are known to make 
available their models for a nominal fee. However, quite some effort is then 
required to transfer the models to the Secretariat’s facilities, to modify them to the 
specific requirements of the Secretariat, and to train staff in using them. The other 
approach would be to purchase or lease models from commercial organizations 
specialized in the field who could then be contracted to install the models and train 
the Secretariat staff in their use.

Table 33. Suggested reinforcement of the Mekong Secretariat

Staff Location in organization

1. Strategy planning economist Senior adviser in the office of the Executive Agent

2. Agricultural economist Both to be located in the new monitoring
3. Engineer and evaluation unit (MEU) in the Support and 

Information System Division

4. Senior project economist To be located in the new project portfolio management 
unit (PMU) in the Support and Information System 
Division

5. Agricultural economist Both to be located in the new
6. Civil engineer/water resources 

planner
Project preparation unit (PPU) in the Project 
Implementation and Monitoring Division, which 
should be renamed as Project Preparation and 
Implementation Division

7. Senior agronomist1 Agriculture, watershed management and fisheries unit 
in the Project Implementation and Monitoring 
Division (old name)

8. Environmental data base manager Environment unit in the Support and Information 
System Division

1In addition to the current chief of the unit
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Investment plan and 
funding needs

A. The international projects

11 .01 The complex international dimensions of the three international projects, 
Low Pa Mong, Nam Theun 2 and Nam Ngum 2, make it impossible at this 

stage to make meaningful predictions of (1) when the feasibility studies on these 
projects will begin, (2) when they will lead to decisions as to the project to be 
implemented first, (3) when final design will be undertaken and completed, and (4) 
when construction will begin and be completed.

11 .02 In these conditions, it is not possible to schedule feasibility study, design, 
and investment. Table 34 gives the tentative schedules for investment in 

terms of project years rather than calendar years.

Table 34. Tentative phasing of investment for the 
international projects (1987 US$ million, 
project years)

Project year Low Pa Mong Nam Theun 2 Nam Ngum 2

1 31.7 62.0 52.7
2 31.7 93.3 79.3
3 51.7 153.7 131.3
4 122.0 184.0 157.3
5 132.5 122.0 104.4
6 300.5
7 293.0
8 394.5
9 388.0

10 321.0
Total 2066.0 615.0 525.0

B. The national projects

11.03 Of the projects nominated for further investigation by the September 1987 
international workshop, four were insufficiently documented to allow their 

inclusion in the investment plan. These were the power projects Nam Mang (28) 
and Nam Pakan (27) in Lao PDR, Vientiane pump irrigation (30) in Lao PDR and 
South MangThit (60) in Viet Nam (see Table 1). The remaining national projects 
are scheduled and costed below.
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Lao PDR

11.04 The Lao PDR national projects retained from the first phase of the study for 
the investment plan are:

Power
Transmission line from Nam Ngum 1 to Luang Prabang (26)

Irrigation
Nam Ngum pump irrigation (29)
Small pump irrigation subsector (32)
Small-scale irrigation (31)
Nam Cheng project (62)

11.05 The investment schedule for the Lao PDR national projects is presented in 
Table 35. They have been scheduled at the earliest possible date, given 

today’s project maturity, outstanding issues, and time requirements for studies and 
investigations.

Table 35. Investment schedule for national projects, Lao PDR (1987 US$ million)

Year Power project 

Transmission 
line (20)*

Irrigation projects All

Nam Ngum 
pump (25) ii

Small-scale 
Irrigation (31)

Small pump 
irrigation (32)

Nam Cheng
(62)

1988 __ 0.1 0.5 __ 0.6
1989 — 0.1 0.1 0.5 0.7
1990 4.2 0.8 0.1 0.5 — 5.6
1991 4.1 0.9 0.1 0.5 — 5.6
1992 — 0.8 0.1 0.5 — 1.4
1993 — — 0.1 0.5 2.2 2.8
1994 — — 0.1 0.5 5.5 6.1
1995 — — 0.1 0.5 5.5 6.1
1996 — — 0.1 0.5 5.5 6.1
1997 — — 0.1 0.5 3.3 3.9
1998 — — 0.1 0.5 — 0.6
1999 — — 0.1 0.5 — 0.6
2000 — — 0.1 0.5 — 0.6
Total2 8.3 2.6 1.3 6.5 22.0 40.7

1Figures based on SwedPower’s December 1987 report (ref. 73). 
2totals may differ slightly from Table 21 due to rounding.

Thailand

11.06 The national projects in Thailand in the investment plan are:

Power
Pak Mun (6)
Nam Chern (4)

Irrigation
Nam Songkhram with dike (11)
Nam Suai Stage I (13)
Upper Chi (9)
Nam Suai Stage II (113)
Nam Loei (8)
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11.07 The projects have been scheduled according to (a), for the irrigation 

projects, lead times, project maturity, sequence priority, and the need for a 
smooth investment schedule; (b) for Pak Mun, earliest possible commencement of 
investment, with issues still outstanding, and (c) for Nam Chern, desired date of 
first production (2005). The resulting investment schedule is given in Table 36.

Table 36. Investment schedule for national projects, Northeastern Thailand 
(1987 US$ nullion)

Year Multipurpose projects Irrigation projects All

Nam Chern
(4)

Pak Mun
(6)

Nam Loei
(8)

Upper Chi
(9)

Nam Song
khram (11)

Nam Suai I
(13)

Nam Suai II
(113)

1990 __ 10.7 __ 0.1 __ 0.7 _ _ 11.5
1991 — 33.3 — 5.3 — 2.8 — 41.4
1992 — 41.8 — 8.7 — 11.1 — 61.6
1993 — 36.2 — 5.5 — 11.5 — 53.2
1994 — 12.4 — 0.6 9.5 7.0 — 29.5
1995 — 3.1 — 0.5 10.3 4.3 0.3 18.5
1996 — — — 0.5 16.9 1.8 0.4 19.6
1997 — — 5.2 — 10.2 — 3.1 18.5
1998 — — 8.5 — 9.9 — 7.0 25.4
1999 — — 8.1 — 10.1 — 3.0 21.2
2000 — — 6.5 — 11.0 — 1.0 18.5
Total 137.5 28.3 21.2 77.9 39.2 14.8 318.9

2001-2005 140.1 4.9 26.0 0.6 171.6

Total1 140.1 137.5 33.2 21.2 103.9 39.2 15.4 490.5

'Totals may differ slightly from Table 23. due to rounding.

Viet Nam

11.08 The national projects in Viet Nam in the investment plan are:

Power
Yali Falls Small (36)
Yali Falls Large (35)

Irrigation
Nam Xa Canal (39)
Than Nong (61)
Giong Rieng-Go Quao (44)
Tan Thanh (46)
Giong Trom-Ba Tri (47)
Cai San-Thotnot (40)
Go Cong (58)
Sau Dong (43)
Tiep Nhut (37)
Huong My (59)
Bac Hong Ngu (45)
Cai San (34)
Phu Tan (North Vam Nao) (38), which is the first phase of Than Nong (61)
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11.09 The projects are scheduled as follows: (a) because of its maturity, Yali Falls 

Small for the earliest date possible, with Yali Falls Large to follow; (b) for 
the irrigation projects, the aim was to achieve a rate of growth of paddy production 
in the delta of 4.5%, 2.75% of which from new project development. Thus 
annually desired investment in irrigation then works out at US$ 60 million by 1990, 
reaching USS 170 million by 1998. Taking into account project maturity however, 
it becomes clear that this investment target cannot be reached with the currently 
identified projects. The investment schedule is given in Table 37.

Table 37. Investment schedule for national projects, Viet Nam (1987 US$ million)

Year Power projects Irrigation projects1 Total

36 35 34 37 39 40 43 44 45 46 47 58 59 61

1988 __ __ 1.6 __ __ __ __ __ __ __ 1.4 1.3 4.3 4.3
1989 — — — 4.0 — — — — — — — — 4.9 3.2 12.1 12.1
1990 — — 0.7 6.3 0.8 2.0 1.4 1.0 1.9 0.6 1.4 1.4 4.9 3.2 25.6 25.6
1991 21.0 — 2.6 7.9 2.1 4.9 3.4 2.4 4.7 1.6 3.6 3.4 2.8 3.2 42.6 63.6
1992 12.9 — 2.6 11.9 2.1 7.9 3.4 3.8 4.7 2.5 3.6 5.4 — 1.9 49.8 62.7
1993 14.7 — 1.5 11.9 2.1 9.8 3.4 4.8 4.7 3.1 3.6 6.8 — — 51.7 66.4
1994 5.8 — — 11.9 1.2 14.8 2.0 7.2 2.8 4.7 2.1 10.1 — — 56.8 62.6
1995 — 50.0 — 11.9 —. 14.8 — 7.2 — 4.7 __ 10.1 48.7 98.7
1996 — 74.5 — 7.9 — 14.8 — 7.2 — 4.7 __ 10.1 __ __ 44.7 119.2
1997 — 123.3 — 4.0 — 14.8 — 7.2 — 4.7 10.1 __ __ 40.8 164.1
1998 — 147.7 — — — 9.8 — 4.8 — 3.1 6.8 — __ 24.5 172.2
1999 — 97.5 — — — 4.9 — 2.4 — 1.6 — 3.4 — — 12.3 109.8
Total2 54.4 493.0 7.4 79.3 8.3 98.5 13.6 48.0 18.8 31.3 14.3 67.6 14.0 12.8 413.9 961.3

1Numbers refer to Para. 11.08 and Table 1.
2totals may differ slightly from Table 26 due to rounding.

Total investment for national projects

11.10 Table 38 presents the total investment schedule for national projects for the 
three countries.

C. Total funding needs

11.11 Table 39. presents the total funding needs for the plan. Included under
“other Secretariat activities” is an allowance for activities by the Secretariat 

not included in this plan. These include fisheries, navigation and environment 
work, the collection and validation of hydrological data, flood and low flow 
forecasting, and other research or project-related activities. Funding requirements 
are estimated at US$ 5.0-6.0 millioh/year, hence approximately US$ 75 million for 
the period 1988-2000.
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Table 38. Total investment schedule for national projects 
(1987 US$ million)

Year Lao PDR Thailand Viet Nam Total

1988 0.6 __ 4.3 4.9
1989 0.7 — 12.1 12.8
1990 5.6 11.5 25.6 42.7
1991 5.6 41.4 63.6 110.6
1992 1.4 61.6 62.7 125.7
1993 2.8 53.2 66.4 122.4
1994 6.1 29.5 62.6 98.2
1995 6.1 18.5 98.7 123.3
1996 6.1 19.6 119.2 144.9
1997 3.9 18.5 164.1 186.5
1998 0.6 25.4 172.2 198.2
1999 0.6 21.2 109.8 131.6
2000 0.6 18.5 — 19.1

Total 40.7 318.9 961.3 1,320.9

After 20001 — 171.6 — 171.6

Total 40.7 490.5 961.3 1,492.5

1Still “belonging” to earlier period.

Table 39. Consolidated financial budget of the plan, 1988-2000 (1987 US$ million)

Activity Lao PDR Thailand Viet Nam Basin-wide Total

Investment, national projects 40.7 318.9 961.3 n.a. 1,320.9
Investment, international projects1 
Project-related studies and investigations

n.a. n.a. n.a. 2,681.0 2,681.0

National projects 3.7 15.8 6.6 n.a. 26.1
International projects n.a. n.a. n.a. 14.42 14.4

Country studies and investigations 
Hierarchy of basin-wide studies

1.1 1.0 1.9 n.a. 4.0

Basic studies n.a. n.a. n.a. 1.1 1.1
Second tier studies n.a. n.a. n.a. 10.4 10.4
Integrative study

Reinforcement of Mekong Secretariat
n.a. n.a. n.a. 1.2 1.2

Staff (total 1988-2000) n.a. n.a. n.a. 6.0 6.0
Various funds3 n.a. n.a. n.a. 0.5 0.5

Other Secretariat activities n.a. n.a. n.a. 75.0 75.0

Total (excluding investment in 
international projects) 45.5 335.7 969.8 108.6 1,459.6

Total (including investment in 
international projects) 45.5 335.7 969.8 2,789.6 4,140.6

Source: Tables 32, 34 and 38.
n.a.: not applicable.
'Low Pa Mong and Nam Theun 2: investment is not restricted to period 1987-2000.
2Low Pa Mong and Nam Thcun 2, including design.
’Excluding funds for mathematical models.
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2. Approach to cost and benefit 
estimation

A. Power projects

Cost homogenization and updating

A2.01 Unit rates constitute one of the basic inputs for the computation of the construction 
cost of a power project. These rates were found to be largely similar within each of 

three categories: the projects in Thailand, the mainstream projects and the larger projects in 
Lao PDR, and the smaller projects in Lao PDR and Viet Nam. As competition between 
projects takes place, if at all, only between projects belonging to the same category, the 
available data was quite satisfactory.

A2.02 Most of the original project studies were carried out in the eighties, in a period when 
inflation rates were low, which made cost updating easier. In this report, the Bureau 

of Reclamation index (BUREC index) was used to update costs from historical levels to 
constant 1987 US dollars.

A2.03 The items shown separately in this report or its annexes are: (a) civil works, 
comprising preliminary works, dam and related structures and waterways, (b) 

equipment, comprising the generating, auxiliary and hydromechanical components, and (c) 
the transmission system. To the total of these costs were added (d) physical contingencies, 
(e) engineering and administration cost and (f) resettlement cost. For physical contingencies 
the percentages used in the original studies were retained: they varied between 8% and 
20%; for desk studies 30% was applied. For engineering and administration, a percentage 
varying between 8% and 10% of the direct construction cost was adopted, depending on the 
type of work.

A2.04 In many cases, project implementation will require resettlement. The costs involved 
were brought to 1987 levels as follows: (a) the number of people to be resettled was 

updated by accounting for the population increase from the date of the original project 
studies to the anticipated date of the start of the resettlement programme, and (b) the unit 
cost of resettlement per capita was adjusted using the BUREC index.

Employment generation and managerial requirements

A2.05 In the first stage of the study, employment generation during construction was 
computed by assuming that the local salaries represented a fixed percentage of the 

construction costs. Large projects would generate proportionally less employment than 
small projects. In the second stage of the study, employment generation was derived by 
considering the works involved for the relevant projects and the related duration of the 
construction period.

A2.06 Employment generation during operation, and skilled and management manpower 
requirements during construction and operation, were related to the installed 

capacity of the scheme. The scale effect has been taken into account. Note that indirect 
employment generated by power projects has not been taken into account.
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Energy production

A2.01 The basic runoff data available were generally adequate. For the larger schemes, 
energy production was recomputed using the HYSSR reservoir operation model, 

with the aim to maximize firm energy production. Otherwise the production figures were 
taken from the original project reports.

A2.08 Dependable capacity was defined as corresponding to a net head which is available 
95% of the time or more. This definition implies that in most cases the dependable 

capacity is equal to the installed capacity. The firm energy production can be expressed in 
megawatts (MW) or in gigawatt-hours (GWh). Expressed in MW, it corresponds to the 
minimum monthly firm power recorded during the period of reservoir operation. To obtain 
the same parameter expressed in gigawatt-hours, one has to multiply the obtained firm 
power by 8,760 h. The average annual energy production was taken equal to the mean 
energy produced during the period of operation of the reservoir. The difference between 
the annual average and firm energy production represents the secondary energy production.

Valuation of power output

A2.09 The economic benefits attributable to a candidate power project are the differential 
generating costs in the power supply system concerned, with and without the 

project. It has been assumed that the installed capacity and energy generation produced by 
the project would be provided equally without the project, i.e. by the least-cost thermal 
alternative. The type of thermal plant adopted as the least-cost equivalent depends on the 
mode of operation of the candidate hydropower plant within the system, i.e. whether used 
for peaking, baseload or intermediate duties. In some cases it has been necessary to view the 
plant as a composite, e.g. of peaking and base-load components.

A2.10 The thermal costs contain two elements: fixed costs (capital and fixed operation and 
maintenance cost), expressed in US$/kW installed, and variable cost (fuel and 

variable operation and maintenance cost), expressed in USc/kWh generated energy. Firm 
energy has been valued at the variable energy cost corresponding to the thermal plant type 
selected for capacity valuation. Secondary energy was valued at the variable cost of base
load energy. The fuel prices adopted are the real prices by the year 2000 as projected in the 
latest IBRD forecasts, expressed in constant 1987 US dollars.

A2.ll The valuation of the outputs of projects located entirely in one country which are 
expected to export a large part of their production represents a special case. For 

optimal exploitation of these projects’ potential, an agreement will have to be reached 
between the countries involved before a decision to proceed with construction is taken. It is 
impossible to predict the outcome of the negotiations which should lead to such an 
agreement and much if not all will depend on the bargaining position of the parties 
concerned. Under these circumstances there were two approaches to value the outputs of 
these schemes: in the first one, the energy output was fully valued but capacity only as far as 
consumed in the country of origin, but in the second, full credit was given to both energy 
and capacity. These two extremes define the range within which a negotiated value would 
lie.

Economic performance

A2.12 The determination of the earliest possible date for the technical commissioning of a 
project has been based on the status of the original studies (desk, prefeasibility or 

feasibility). The energy production figures of the project concerned were compared with the 
system and in the assumed year of commissioning. If the production figures were found to 
be too large for the system, the commissioning date was delayed, until plant production and 
system demand were in better balance.
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A2.13 The sum of the total construction and the resettlement costs gave the total financial 

construction cost of the project. ’The economic cost was obtained by using a standard 
conversion factor (SCE) of 0.92 as determined by ESCAP (ref. 9). The present worth of the 
construction cost was calculated at a discount rate of 10%. The original construction 
schedules were normally retained. The reference date for the present worth was the year 
preceding the first year of operation, but the economic analysis also takes into account the 
net present worth accruing to the year before commencement of construction.

A2.14 The annual operation and maintenance costs were estimated at 1% of the 
construction cost. Assuming a project life of 35 years, the present worth of the 

operation and maintenance cost was added to the present worth of the construction cost to 
yield the total discounted project cost during the economic life of the project. The division 
of the total discounted project cost by the present worth of the energy production 
determined the unit cost of energy in constant 1987 USc/kWh. 1’hc unit cost of capacity was 
obtained by dividing the total construction cost of the project by the installed capacity.

A2.15 Low Pa Mong and Nam Thcun 2 lead to increases in the river flow during the dry 
season. This increase was valued in this study to reflect potential increases in 

agricultural production in the basin.

B. Irrigation and related projects

General

A2.16 The documentation which formed the basis of the irrigation and related projects 
discussed in this report varies in detail, age, terms of reference, approach, and in 

many other respects. To secure project comparability, the information received on the 
projects in the investment plan had occasionally to be “homogenized1, so that differences in 
project performance unrelated to differences in project properties were eliminated as far as 
possible.

A2.17 The prices used in the appraisal arc national-economic prices, expressed at 1987 
constant 1 IS dollars, Tor Thailand and I .ao PDR the S(T' of 0.92 is used (ref. 9).

The information on the Vietnamese projects varied too much to permit useful adjustments.

A2.18 Investment funds arc expressed at financial prices, in 1987 constant US dollars.

Investment, operation and maintenance cost, Imo PDR and Thailand

A2.19 The original documents for projects in Lao PDR and Thailand arc generally 
sufficiently detailed. ('oustruction costs and the operation and maintenance costs 

have been updated using the BUREC index schedules. Build-up rates of operation and 
maintenance have been taken from the original documents.

A2.2O The pumping energy requirements estimated in the original documents have been 
adjusted to redefined (homogenized) cropping intensity build-up rates wheie 

necessary. Energy costs (electricity) at farm gate have been taken at USc 3.45/kWh for the 
Lao PDR and at USc 2.48/kWh for Thailand.

Investment, operation and maintenance cost, Viet Nam

A2.21 The information on the Vietnamese projects was generally less detailed than that on 
the Lao and Thai projects. To cross-check the often limited cost estimates, the study 

has drawn on the unit rates and other cost information available for two projects in Viet 
Nam that were studied recently at feasibility level: l am Phuang water control project and 
Yali Tails Small hydroelectric project. Turther cross-checking was done against unit rates 
available for similar work in the (’hao Phya delta, Thailand. The figures were found to be 
generally compatible. The original information received from Viet Nam was used as much 
as possible. In a few cases, additional standardization filled in gaps in the information.
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A2.22 Construction schedules and build-up rates are available for a few projects only, and 

had therefore to be standardized (Table A2.1).

Table A2.1. Standard construction schedules for delta projects (% of total investment)

Size of 
project 

(ha)

Construction schedule (years)

1 2 3 4 5 6 7 8 9 10

< 10,000' 10 35 35 20
10,000-20,0002 10 25 25 25 15
<20,0003 2 5 8 10 15 15 15 15 10 5

'Average: 7,000 ha.
’Average: 14,000 ha.
’41,000 ha.

A2.23 The operation and maintenance costs and pumping energy requirements are not 
included in the Vietnamese documents. In accordance with the Mekong

Secretariat’s appraisal report for the Than Nong (North Vam Nao Island) flood protection 
and irrigation project (ref. 155.3), operation and maintenance costs have been taken at 5% 
of the initial investment cost. Energy consumption for pumping has been taken at the diesel 
equivalent of 100 l/ha for two crops at a cost of USc/ 15/litre.

Managerial and professional requirements

A2.24 For Thailand and Viet Nam, managerial and professional requirements encompass 
all staff with higher than secondary education. For the Lao PDR, all employees 

from management down to and including workers with vocational training have been 
included.

A2.25 Estimates have been made on the basis of discussions with the Royal Irrigation 
Department, Thailand, and cross-checked against some projects presently under 

construction in Thailand and the Lao PDR. For Lao PDR following estimates have been 
made, in work-years per thousand hectares, Lao PDR: 50 for planning, design, 
construction, and 6 for annual operation and maintenance; for Thailand and Viet Nam the 
corresponding figures are 1.0 and 0.3.

Cropping patterns, cropping intensities and yields

A2.26 In all project studies, the main agricultural benefits are taken to come from paddy 
cultivation. During the wet season, paddy is the only crop envisaged. During the dry 

season, the project documentation gives a wide variety of crops, including paddy, 
groundnuts, vegetables and other upland crops. To make projects comparable, this study 
has adopted groundnut as the representative crop. A small proportion of a representative 
mixture of vegetables, up to 5% of the cropped area, has been included in the cropping 
pattern to account for the possible cultivation of high-value crops. With regard to paddy, 
this study differentiates between wet season paddy, dry season paddy, floating rice and main 
season rice (Viet Nam), both with and without project development.

A2.27 In the better-documented studies, the build-up rates of cropping intensity are usually 
worked out and justified in detail. These data have been used unaltered in the 

present report. For less well documented projects, development of land and cropping 
intensity were based on detailed studies on other projects and on past experience.

A2.28 The economic evaluation in some project studies were based on relatively optimistic 
technical assumptions of incremental yields and maturative period. As a result, yield 

and farm input estimates tend to vary widely for apparently similar conditions. In the 
present appraisal, any bias has been avoided by using, for the Lao PDR and Northeastern 
Thailand standard data and build-up rates which reflect the average situation in these areas. 
Paddy yields at full development of the project have been set at 3.2 t/ha in the wet season 
and 3.5 t/ha in the dry season; full development is reached in 10 years. Without project 
development, the paddy yield is 1.5 t/ha.
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A2.29 In the Viet Nam delta, cropping intensities are already high where this is possible. In 

many areas the farmers are used to double cropping, and sometimes triple cropping.
The build-up rates in the delta are therefore taken to be shorter than in the Lao PDR and 
Thailand, i.e. 5 years. The original yield estimates are used because they reflect the variety 
of the proposed project works, which is much greater than in the Lao PDR and Thailand. 
The incremental yields are often modest in the Vietnamese irrigation projects, generally of 
the order of 1 t/ha paddy. The agricultural benefits are mostly related to an expansion of the 
cropped area as a result of improved water control.

Prices

A2.30 Paddy production is valued to reflect the projected longer-term rise in prices in real 
terms. In addition, the prices have been raised by 5% to account for incidental 

peaks. Table A2.2 gives the farmgate prices for four reference years; the price of 
groundnut, which is representive for field crops, is kept constant.

A2.31 The rice price structure for the Lao PDR has been slightly altered to account for 
higher cost for import from Northeastern Thailand to Vientiane. This has had a 

general upward effect on the farmgate price of the order of 9%. Basically, the country has 
achieved self-sufficiency in rice production but prospects are such that it may well need to 
import rice in the medium to long term. Farmgate prices are therefore based on import 
parity (ex-mill, Northeastern Thailand) with a significant difference between the central and 
southern parts of the country and the northern part due to high transportation cost. It is 
particularly in the northern part of the country that food crops are imported from other 
regions.

Table A2.2. Economic farmgate price for paddy and groundnut (US$/t)

Crop Year Lao PDR' 
(central/south)

Lao PDR' 
(north)

Thailand2 
(northeast)

Viet Nam1 
(delta)

Rice (paddy) 1987 101 167 97 129
1990 122 187 113 151
2000 129 193 119 157
20103 141 206 129 171

Groundnut 2000 270 341 261 323

'Based on import parity prices. 
'Based on export parity prices. 
'And after.

Economic performance

A2.32 Economic performance is measured by the economic internal rate of return (IRR) 
and the net present worth (NPW) of project benefits at a discount rate of 10%, 

arrived at by deducting the costs of investment, operation and maintenance from the 
incremental agricultural benefits, and any other benefits in terms, for instance, of flood 
protection, fisheries, and domestic water supply.

Employment generation

A2.33 Employment generation is approximated as the increment of unskilled labour 
required by a project during construction and operation. Based on an analysis of 

unit rates and discussions with construction supervisors in the Royal Irrigation Department, 
Thailand, the unskilled labour component in construction is estimated at 8% for the Lao 
PDR and Thailand. The employment generated has been calculated by relating the 
unskilled labour component at a daily wage rate of US$ 2.50 for a 250-day year. For 
operation and maintenance, the unskilled labour component is estimated at 25% of the total 
cost. Incremental agricultural labour required by a project has been worked out from 
specific crop budgets and the project's cropping patterns and cropping intensities.
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A2.34 Viet Nam generally applies labour-intensive technologies in both construction and 

operation and maintenance. The estimate is that about 20% of total construction 
costs goes to unskilled labour, at a daily wage rate of US$ 1.00-1.50. These estimates were 
cross-checked against information available on the paddy equivalent of labour wage in Viet 
Nam, which gave a reasonable fit. The unskilled labour component in operation and 
maintenance cost is estimated at 60%.

Food production

A2.35 Food production is measured as incremental paddy production at full development.
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