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Acronyms

3S Xe Kong, Se San and Sre Pok Rivers, known collectively as the “3S” rivers
ADB Asian Development Bank

AIT Asian Institute of Technology

ASEAN Association of Southeast Asia Nations

BOO Build-Operate-Own projects

BOS Balance of System

BOT Build-Operate Transfer projects

CA Concession Agreement

CAPEX Capital Expenditure (or upfront capital expenditure)
CFD Computational Fluid Dynamics

CIA Cumulative Impact Assessment

CIAGs Cumulative Impact Assessment Guidelines

CIP Committee for Investment Promotion and Management
CIR Capacity Inflow Ratio

COD Commercial Operation Date

CPU Catch Per Unit

CPUE Catch Per Unit Effort

DEB Department of Energy Business

DEPP Department of Energy Policy and Planning

DNEI Department of Natural Resources and Environment Inspection
DNREP Department of Natural Resources and Environmental Policy
DWR Department of Water Resources

ECAFE Economic Commission for Asia and the Far East

ECC Environmental Compliance Certificate

EDL Electricité du Laos

EIA Environmental Impact Assessment

EMDP Ethnic Minority Development Plan

EMMP Environmental Management and Monitoring Plan

EPA Environmental Protection Agency of the United States
EPC Engineering Procurement and Construction

EPCI Equity Project Cost Investment

EPRI Electric Power Research Institute (of the US)

ESIA Environmental and Social Impact Assessment

ESMMP Environmental and Social Management and Monitoring Plan
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EVN Electricité du Vietnam; and same acronym refers to energy demand curve
FI Flood Index

FS Feasibility Study

FTCC Floating Tracking Cooling Concentrator

GHI Global Horizontal Irradiance

GL Gigaliters

GMS Greater Mekong System

GoL Government of Lao PDR

GWh Gigawatt hours

GWh/y Gigawatt hours per year

HIA Health Impact Assessment

HPD Hydropower Development

HSAP Hydropower Sustainability Assessment Protocol (of [HA)
HWL High Water Level

IADB Inter-American Development Bank

IC Insurance Cost

IDC Interest During Construction

IEE Initial Environmental Examination

[EI Inverter Warranty Extension Investment

IFC International Finance Corporation

[F1 International Finance Institutions

[FReDI Inland Fisheries Research and Development Institute
[HA International Hydropower Association

IMC Inter-Ministerial Committee

[P Ingress Protection

IP65 International classification for the ingress protection
IPP Independent Power Producer

IRD Irradiance

IRENA International Renewable Energy Agency

ITRPV International Technology Roadmap of Photovoltaic
JICA Japanese International Development Agency

JMA Japan Meteorological Agency

Km Kilometers

kPA Kilopascal, a unit of pressure

kWac kilowatt AC power

kWp Kilowatt peak (peak power)
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LAC Limits of Acceptable Change

LAK Lao Kip (currency of Lao PDR)

LEK Local Ecological Knowledge

LEPTS Lao Electrical Power Technical Standards
LMB Lower Mekong Basin

LMS Lower Migratory System

LSS2 Lower Se San 2

LTCR Long-Term Capacity Ratio

m Meters

m3/s Meters per second

mill m3 Million meters cubed (for total reservoir volume)
MAF Ministry of Agriculture and Forestry

MDS Multi-Dimensional Scaling

MEM Ministry of Energy and Mines

MIGA Multilateral Investment Guarantee Agency
MMS Middle Migratory System

MoNRE Ministry of Natural Resources and Environment
MoF Ministry of Finance

MOU Memorandum of Understanding

MPI Ministry of Planning and Investment

MR Mutilation Ratio (a component of a blade strike model)
MRF Multiple Reference Frame

MRC Mekong River Commission

MRCS Mekong River Commission Secretariat
MSSS Maximum Sustainable Swimming Speed
MTBF Mean Time Between Failures

Mt/yr Metric ton per year

MW Megawatts

MWac Megawatt AC power

MWp Megawatt peak

NBCA National Biodiversity Conservation Areas
NDR Nominal Discount Rate

NHI Natural Heritage Institute

NTEC Nam Theun 2 Electricity Consortium
NTFPs Non-Timber Forest Products

NUoL National University of Lao
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0AAs Other Aquatic Animals

0&M Operation & Management/ Operating & Maintenance Cost
PAPs Project-Affected Persons

PDA Project Development Agreement

PDEM Provincial Department of Energy and Mines

PDPI Provincial Department of Planning and Investment
PDPVII The Power Development Plan VII

PID-free The PV module is free from Potential-Induced Degradation
PPA Power Purchasing Agreement

PPP Public-Private Partnerships

PR Performance Ratio

PSHD Policy on Sustainable Hydropower Development in Lao PDR
PV Photo Voltaic

RAP Resettlement Action Plan

RC Resettlement Committee

rpm revolutions per minute

RSCP River System Coordination Plan

R&R Resettlement and Relocation

SDR System Degradation Rate

SERIS Solar Energy Research Institute of Singapore

SESO The Standard Environmental and Social Obligations

SHA Shareholder Agreement

SIA Social Impact Assessment

SOP Social Action Plan

SR Scoping Report

SSY Suspended Sediment Yield

ST Stung Treng monitoring site

SWAT Soil and Water Assessment Tool

TbhEIA Transboundary Environmental and Social Impact Assessment
TF Total Flow

ToR Terms of Reference

TP Tax Payment

NT2 Nam Theun 2

TWL Tail Water Levels

UN United Nations

UPS Upper Migratory System
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W/m Watts per cubic meter, such as the measurement for Turbulence
Wp Watt-peak
XK1 Xe Kaman 1 Hydropower project
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EXECUTIVE SUMMARY WITH MAJOR CONCLUSIONS!

1. PURPOSE AND APPROACH: TO IMPLEMENT THE POLICY ON SUSTAINABLE HYDROPOWER
DEVELOPMENT

Lao PDR is now the most experienced nation in Southeast Asia in hydropower development. At
present, 21 hydropower dams larger than 15 MW are operating, and 26 more are under
construction. For these facilities, irreversible choices regarding siting and design have already
been made; only the operations can be altered. Yet, there are about 85 additional hydropower
facilities larger than 15 MW that are still under consideration. For these, the choices regarding
the siting, design and operation are yet to be determined by the Government of Lao PDR (GoL).

The Natural Heritage Institute (NHI) offers this “Master Plan” to assist the GoL in implementing
its Policy on Sustainable Hydropower Development for future hydropower development in the
Xe Kong River Basin. That Policy was ratified by the National Assembly and decreed by the Prime
Minister on January 12, 2015. This Master Plan was crafted pursuant to a charter agreed with the
Ministry of Energy and Mines (MEM), a Memorandum of Understanding (MoU) with the National
University of Lao (NUoL), and ongoing consultation with all of the agencies of the GoL that
exercise authority over hydropower development.

The new policy on Sustainable Hydropower Development commands these several ministries to
further develop the hydropower resources of Lao PDR in a manner that avoids and mitigates their
negative environmental and social impacts and, to foster that result, requires developers to assess
the impacts of their proposed projects, including their cumulative and transboundary aspects,
and to assess alternative sites and designs so that the least impactful options can be identified
and implemented. It builds upon a previous policy to “avoid irreversible environmental impacts
such as the loss of biodiversity or disruption of ecological cycles” yet broadens that commitment
to include the economic and technical aspects. However, the Guidelines declare goals and
procedures rather than substantive criteria. Therefore, this Master Plan offers a functional
definition and recommends criteria for determining whether a hydropower project satisfies the
objectives of the policy. These recommendations are set forth in Section 6.

These criteria are simply measures for siting, designing and operating hydropower projects that
avoid or counteract adverse impacts on:

1) The passage of migratory fish both upstream and downstream of the dams so they can
complete their life-cycle;

2) The natural variability in the flow patterns that connect the river to its floodplains and
provide the cues for fish migrations;

3) The flows of the sediment and associated nutrients that sustain the morphology and
habitats downstream of the dams.

The policy assigns to the MEM, and specifically the Department of Energy Policy and Planning
(DEPP), the lead implementation role assigns to the Ministry of Natural Resources and
Environment (MoNRE) a particularly significant role in assessing the environmental performance

! References will be found in Sections of the Master Plan summarized here.
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of a proposed project. Yet, the guidelines do not specify which agency is responsible for the
determination whether a proposed project is environmentally or socially “sustainable”, the
process for making that determination, or the substantive standard that is to be applied.

Under current practice, the posture of the GoL in the hydropower development process is
basically reactive to initiatives by the developers, who conduct the feasibility, financial, and
environmental analyses. While the government agencies exercise some oversight, they generally
lack the resources to conduct an independent review. By contrast, this Master Plan seeks to
position the GoL to take a proactive role in deciding in advance the locations, designs and
operations of projects for which it will accept competitive applications from developers to
conduct full feasibility studies and environmental and social impact assessments. Once “test
driven” in the Xe Kong basin, the Master Plan can then also serve as an exemplar and template for
sustainable hydropower development in the rest of the country and throughout the Mekong
Basin.

In view of the types of damages that hydropower can inflict on the biophysical resources (which
are explicated at length in Section 4), this Master Plan depicts a course of hydropower
development for the Xe Kong basin that will:

e Minimize adverse impacts on migratory fish or unique habitats for resident endemic fish;
e Minimize depletion of sediment and nutrient flows;

while also

= Maintaining the economic viability of the projects, and
= Attaining the hydropower production goals of the GoL.
This Master Plan achieves those objectives by:

e siting future hydropower dams in locations that are inaccessible to migratory fish because
they are above existing barriers or so high in the catchment that they experience relatively
little visitations;

e designing projects so that they can efficiently pass sediments and nutrients; and

e operating the projects to maintain a semblance of the natural flow patterns, including the
seasonal variability of flows, to enable the fish to access and use the high-value riverine and
floodplain habitats.

Why Focus on the Xe Kong Sub-Basin?

Today, the mainstream of the Xe Kong tributary is the last major undeveloped tributary in the
Mekong River Basin, and its natural functions remain intact all the way from the headwaters at
the Vietnam border to the South China Sea. This unobstructed condition is found in the following
four sub-tributaries and the mainstream itself: Xe Xap, Xe Lon, Houay Axam, Xe Xou. The rest of
the Mekong River system basin has already been fundamentally altered by the current state of
development. The Lower Se San 2 dam in Cambodia blocks passage of migratory fish into the Sre
Pok and Se San tributaries, leaving only the main stem of the Xe Kong River unimpeded.
Therefore, the Xe Kong River has extraordinary and irreplaceable value for sustaining the high
ecological productivity the Mekong. Maintaining these values in the course of hydropower
development is therefore the most important challenge that the GoL faces in implementing its
Policy on Sustainable Hydropower Development. The objective of the Master Plan is to define a
course of development that leaves at least a portion of the Xe Kong basin within Lao PDR
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unobstructed for fish migrations. Under the plan, the Xe Xap and Xe Xou sub-tributaries and the
mainstream Xe Kong would be maintained in a free-flowing condition by concentrating
hydropower in the upper reaches of the rest of the basin and by augmenting power output from
the largest existing hydropower project by integrating a large floating solar photovoltaic
component on the reservoir.

2. HYDROLOGY, MORPHOLOGY AND SEDIMENTS

The Xe Kong, Se San, and Sre Pok tributaries comprise the 3S sub-basin, which is approximately
10 % of the total Mekong drainage area of 795,000 km2. These rivers drain the Ammanite
Mountains of Laos and Vietnam. The Xe Kong itself is characterised by diverse topographical
features ranging from these mountains to the flat terrain in the lower reaches in Attapeu Province
and downstream in Cambodia. On this journey, the river changes from fast-flowing reaches in the
northern Lao portion to broad floodplains characterized by slower flowing water, sandy
substrate, few rapids and deep pools. There are two major NBCA’s (National Biodiversity
Conservation Areas) in the watershed, the Xe Xap of 1,499 km? (in the north) and the Dong
Amphan of 1,998 km2 (in the East).

The Ammanite Mountains, by virtue of their uplift history, are inferred to have relatively high
sediment yields. The 3S produces about 20 % of the Mekong River basin’s water runoff. But its
contribution to the Mekong’s sediment budget is likely over-proportional compared to its
drainage area. While, there are no direct measurements of sediment transport or grain-size
distribution in the 3S river system itself, a best inference from other data is that sediment inputs
from the 3S were approximately 25 Mt/yr in its pre-development condition. Based on these
figures, sediment from the 3S would contribute up to 25 % to the total sediment budget in the
lower Mekong. Sediment delivery from the 3S to the mainstream Mekong will be almost entirely
derived from the Xe Kong basin, thus highlighting the importance of maintaining sediment
continuity in the Xe Kong river system as the last connected source of sediment (including sand
sizes) to the Delta.

3. THE XE KONG FISHERY

As the last major free flowing tributary to the Mekong River?, the Xe Kong mainstream provides
unobstructed passage for migratory fish all the way to and from the headwaters to the South
China Sea. As such, it is a vital component of the migratory fishery through the mainstream
Mekong, the Tonle Sap Great Lake and the Vietnam Delta.

The Xe Kong contains a high level of fish diversity and endemism with many species spawning
only in its unique habitats. While much of the rest of the 3S Basin (the Se San and Sre Pok
tributaries) are lowlands with extensive flooded forests, the Xe Kong within Lao PDR is mostly
highland with steep slopes. This creates ideal mixed environmental conditions with fast flowing
water through the rapids and slow flowing water in the deeper pools and sandbars, which occur
at the confluences of the smaller tributaries. The floodplain area of the Xe Kong River is
substantial and likely one of the key factors contributing to its impressive fish productivity and

% There is one diversion-type dam in the headwaters in Vietnam but its effect on river flows in the Lao and Cambodian
sections is negligible.
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diversity. Many fish species that spawn on the floodplain migrate seasonally over long distances
into the headwaters.

Estimates of the number of fish species in the Xe Kong River range from 175-265. Even at the low
end, this represents 22% of all Mekong fish species within an area representing only 3% of the
Mekong Basin. There is also a range of estimates of the number of migratory species from 64-
~100. Some of these migratory fish species are the most economically important fish for many
riverside communities. The estimates of endemic species also vary between 15-25. The
estimates of endangered species vary between 9-14. As more is learned about the ecology of the
river over time, all of these estimates are likely to increase. We therefore accept the higher
numbers as the most reliable.

The migration of fish is not confined to adult life-cycle stages. After spawning, the eggs and larvae
then drift downstream with the current, especially at peak flows, flowing with the reversed flow
into the floodplains to reach their feeding habitats in Cambodia and southern Vietnam. The
timing of these upstream and downstream migrations is variable depending on fish life cycles,
but importantly, the mainstream species spawn all year, with the most important peaks during
the spring months (February-March) followed by the onset of the flood (June-July) and then when
the water is receding (November). The fish mainly migrate to spawning grounds during the onset
of the raising stage of the river, and into deep pools for refuge during the down going stage to
await the next flood season. Spawning is triggered by rapid increase in discharge. The specific
migration in the Xe Kong basin show that the number of migrating species declines the further
upstream one looks.

To complete these migrations requires unobstructed passage upstream, as well as the capacity
for adults, larvae and juveniles to migrate or drift downstream. Barriers to migration cause many
fish to suffer enormous reductions in population numbers, become extirpated over their bio-
geographical ranges, or in extreme cases become extinct; first economically and at a later stage,
biologically.

Most or all fish in the Xe Kong drainage are commercially important or valuable for subsistence.
The catch statistics for the Xe Kong River vary over a considerable range, but may be as much as
20,000 ton/year (Baran et al, 2013.), including both migratory and non-migratory species.

4. CURRENT STATE OF HYDROPOWER DEVELOPMENT IN XE KONG BASIN AND PROPOSED NEW
DAMS ON THE MAINSTREAM

Existing hydropower dam development in the Xe Kong Basin consists of 35 hydropower dams,
of which:

Completed 4
Under Construction 5
Project Development Agreement (PDA) Stage 11
Feasibility Study (F.S.) Approved 5
Feasibility Study (F.S.) Ongoing 2
Feasibility Study (F.S.) Completed 2
Pre-Feasibility Study (Pre-F.S.) 6
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The total installed capacity from all of these is estimated to be 3,354 MW with mean energy
production of 13,998 GWh/year. For purposes of this Master Plan, the most important are those
in the Xe Kaman basin, listed in Table ES-1 below.

Table ES-1. Status of hydropower development in the Xe Kong basin in Lao PDR per 06.2017 after Ministry of Energy and

Mines (MEM) Lao PDR.

. Installed Mean
Project name Status CcoD . annual
capacity
energy
Year MW GW
Xe Kaman 3 Redesigning * 2014 250 1000.3
Xe Kaman 1 Completed 2016 290 1096
Under
Xe Kaman Sanxai construction 2017 32 121
*Xe Kong (DownstreamA) | PDA stage Expected COD before2025 | 76 334.7
Nam Bi 1 PDA stage Expected COD before2025 | 50 210
Nam Bi 2 PDA stage Expected COD before2025 | 68 288.5
Nam Bi 3 PDA stage Expected COD before2026 | 12 51.2
Nam Ang-Natabengl PDA stage Expected COD before2030 | 41 183.3
Xe Kaman 4 PDA stage Expected COD before2025 | 70 287.4
*Xe Kong (DownstreamB) | PDA stage Expected COD before2030 | 50 206.3
*Xe Kong 3A F.S completed MOouU 140 459
*Xe Kong 3B F.S completed MOouU 146 418
*Xe Kong 5 F.S completed MOouU 330 1,613.50
*Xe Kong 4A F.S approved Expected COD before2025 | 175 785.1
*Xe Kong 4B F.S approved Expected COD before2025 | 165 800.9
Xe Kaman 2A F.S ongoing Expected COD before2030 | 35 160
Xe Kaman 2B F.S ongoing Expected COD before2030 | 100 380.5

* Large dams on the mainstream expected to proceed toward commissioning, but which NHI has determined
would not satisfy the criteria for approval under the Policy for Sustainably Hydropower Development.

A Stop operation due to accident occurred to its penstock (broken penstock). Now redesign of new penstock
line route. It will be designed in deeper underground.

As the last major undeveloped portion of the Mekong within Lao PDR, it is not surprising that it
is of intense interest for hydropower construction, given the ambitious aspirations of the GoL to
exploit its hydropower potential. As of this writing, feasibility studies have been completed for
seven large hydropower dams within the mainstream in Lao PDR, and four of these projects are
progressing toward commissioning as early as 2025. But, importantly, none have completed their
environmental approvals, none have signed power purchase agreements, and none have been
finally approved by the GoL. The NHI team concludes that none of them would satisfy the criteria
for approval under the Policy for Sustainably Hydropower Development, as evaluated in Section
5 and 6 of this Master Plan. These projects are indicated by an asterisks (*) in the table above.

Notably, most of these projects were initially proposed before the Policy was decreed by the
Prime Minister. As noted in Section 1 of this Master Plan, that policy explicitly applies to all such
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projects. Itis also important to state here the conclusion of Section 5 of this Master Plan that the
adverse impacts of the projects on the migratory fishery (and on sediment discharge from the
basin) increases as one moves down the basin.

5. ASSESSMENT OF IMPACTS OF THE PROPOSED MAINSTREAM HYDROPOWER DAMS AND OF THEIR
“SUSTAINABILITY”

All dams and their impoundments, whether for water supply, flood control or power generation,
alter the fundamental physical processes of rivers in ways that affect their biological productivity.
The main impacts of concern for the Xe Kong basin’s fisheries are the change from a flowing-water
(lotic) habitat to a still-water (lentic) lake-like habitat; the barriers that the dams and reservoirs
pose to both the upstream and downstream migration of fish, including their eggs and larvae; the
alteration of the daily and seasonal flow patterns; and the alteration and depletion of sediment
and nutrient flows. These cumulative effects are magnified exponentially in the case of a cascade
of dams, such as has been proposed by various developers for the mainstream of the Xe Kong. In
fact, these pose the potential for the largest such impacts of any of the currently unimpaired
Mekong tributaries due to exceptional value of the Xe Kong for migratory fish reproduction, as
documented in Section 3, and due to the important contribution of the sediment and nutrient
flows to the downstream system, including particularly the Delta, as documented in Section 2.

The general understanding of the intended operations of the proposed mainstream dams on the
Xe Kong is that the large reservoir at the top of the cascade, Xe Kong 5, would provide the storage
for the system and the downstream dams would then use this modified flow pattern to generate
power in a more or less run-or-river mode, such that the daily discharge of these downstream
dams would be roughly equal to the daily inflow into the reservoir. That means that the flow
distortions that reduce the peak flows and increase the low flows will be maintained through the
entire cascade and into the downstream river system. Under this assumption, and accounting
for the effects of the other dams already constructed, the flow alteration at the bottom of the
cascade, as the river crosses the border into Cambodia, would look like Figure ES-1 below:
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Figure ES- 1. Flow alteration at the bottom of the cascade, as the river crosses the border into Cambodia.
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Also, it is to be expected that all of these dams will be operated as peak power facilities to follow
the daily load curve of the off-taker. So, each dam will produce both seasonal and daily flow
distortions. Hydropeaking produces large and rapid variations in the downstream flow patterns
that would be particularly damaging to the downstream fishery.

The mainstream dams would create barriers to fish migration due to i) the physical barrier that
the dam itself presents, and ii) the hydraulic barrier posed by the impounded water which creates
a static water body. These physical barriers will prevent upstream migration of fish, which may
ultimately lead to the loss of fish species unable to complete their life cycles. These dams and
reservoirs will also have major impacts on downstream migrations. Mortality from passage
through the turbines will be especially significant. For small and medium-sized fishes is typically
5-20% at each dam. Cumulatively, the mortality may be nearly for large-bodied fishes.

While the barrier that dams present to the passage of fish can be mitigated to some extent with
fishpasses and “fish friendly” turbines (see Section 9), the barrier that the reservoirs present
cannot. Fish that migrate up the Xe Kong river have a variety of spawning strategies. But most of
these riverine species spawn in flowing water habitats and when these flows are altered by
reservoirs, fish will either not spawn or their eggs and larvae cannot drift and die. The static
water of the reservoir prevents adult fish from finding the flowing water they need to spawn. If
they do, they will find these habitats greatly reduced by the inundation of the reservoir. If they
do successfully spawn, their eggs and larvae must drift back through the reservoir to find the
flowing water that will carry them to the downstream habitats where they feed and grow into
adults. The hydraulic barrier of the reservoir produces low water velocities that are insufficient
to maintain larval drift. Most will starve from lack of suitable zooplankton, be preyed upon by the
reservoir fish, or sink to silty substrates and suffocate from lack of oxygen. The mortality from a
single reservoir will be very high. Where the reservoirs are arrayed in a cascade, the mortality
may approach 100%. These hydraulic impacts are particularly pertinent in the Xe Kong
mainstream the shallow gradient will make the reservoirs long and wide.

It is probably not feasible to operate the Xe Kong mainstream reservoirs to maintain a velocity of
flow that will keep eggs and larvae in suspension through the reservoir. Significantly, this needs
to be maintained all the way to the point of discharge at the spillway or powerhouse; transporting
the eggs and larvae through 99.9% of the reservoir would be insufficient to prevent mortality.
This velocity also needs to be maintained during low-flow periods when the volume of water
moving through the reservoir is comparatively small. Operating the mainstream reservoirs these
velocities will require that the reservoir levels be reduced with a consequent reduction in
hydropower production that may make them uneconomic.

The degree of impact that these dams and reservoirs would cause to migratory fish, due to both
the barrier they pose to fish migration and to the inundation of riverine spawning habitats,
depends on their size and, most important, their location. All of the lowest six are located right
in the prime migratory fish spawning habitat of the mainstream river. These would provide an
absolute barrier to fish migration. The further downstream the dam, the more impactful it would
be. Thus, Xe Kong Downstream A would cause the largest natural resource damages per unit of
power produced. It is the least “sustainable”. The major concern is that it would block off the
migratory fish habitat for the entire basin, from just above the Cambodia border. This would
effectively destroy the migratory fishery for the Xe Kong River within Lao for 75 MW of installed

ES—7



Sustainable Hydropower Master Plan for the Xe Kong Basin — Volume 1

capacity, a relatively small amount of power. As noted above, this large impact would not be
ameliorated by the construction of a fish passage facility for the upstream migrants, because the
main problem is the reservoir rather than the dam. The mortality is likely to be very high.

There is little doubt that the lower six dams, and also likely #5, cannot satisfy the Policy on
Sustainable Hydropower Development as sustainability is defined in Section 6 of this Master Plan,
or, indeed, under any meaningful substantive standard.

Sediment and nutrient capture in the mainstream dams

For sediments and nutrients, the effects of the mainstream dams and reservoirs would be two-
fold. They would both alter the natural flows patterns and deplete the quantity available
downstream by acting as sinks for sediments and nutrients. The seven mainstream Xe Kong dams
will have a storage capacity of 5,848 106-m3. As described in Section 2, about 8.4 Mt/yr of
suspended sediment is produced in the Xe Kong, which represents roughly one third (37%) of the
22.7 Mt/yr of sediment thought to be generated in the 3S basins (i.e., Xe Kong, Se San and Sre
Pok). Unless designed and operated to discharge sediment, the cascade of mainstream Xe Kong
dams will capture virtually all of the bedload and much of the suspended sediment that today
flows out of Xe Kong into the mainstream Mekong and eventually to the Delta.
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Figure ES-2. Comparison of simulated monthly average sediment load transport when the river is completely unregulated
(i.e., no dams are present) versus when six mainstream Xe Kong dams (Xe Kong 5, 4A, 4B, 3A, 3B and 1B are operational).

These sediments are essential to maintain the complex channel and floodplain morphology that
provides the diversity of habitats needed by different species and life stages of fish. Fine sediment
deposited from overbank flows provides soil fertility for natural riparian forests and for
floodplain agriculture. The nutrients are essential to support the food web of the river and
productivity of the fisheries. The Mekong delta and the coastal area that relies on riverine
sediment supply is especially vulnerable to impacts of reduced sediment supply. And the silt will
accumulate over time to the point when these mainstream reservoir, particularly Xe Kong 5, will
lose their storage capacity.

Techniques for mitigating the accumulation of sediments in reservoirs depends on where the
dams are sited. In the case of the Xe Kong mainstream cascade, these dams are sited in relatively
flat terrain which creates reservoirs that are relatively broad, long and shallow. These are not
conductive to sediment flushing techniques. The exception is Xe Kong 5, which would create a
narrow and deep (albeit very long) reservoir.
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The NHI Team has investigated re-designs and operations of the Xe Kong mainstream cascade
that would greatly improve the discharge of sediments. These results are reported in Section 9
of this Master Plan.

6. FUNCTIONAL DEFINITION OF SUSTAINABLE HYDROPOWER

Neither the Policy on Sustainable Hydropower Development nor the implementing guidelines
provide a substantive standard for determining whether a project qualifies as “sustainable”. The
pre-existing policy of “avoidance of irreversible environmental impacts such as the loss of
biodiversity ... or disruption of ecological cycles” is reiterated but there is no guidance regarding
the degree or thresholds of “loss” or “disruption” that would render a project unsustainable, and
therefore not approvable. Since ALL hydropower projects have some adverse effect on the
environment, the critical question is: how much impact is tolerable, and how much impact is too
much?

To fill this void, the Master Plan recommends a practical and functional definition of “sustainable
hydropower” by defining the measures that counteract the impairments that hydropower
projects cause to the physical processes of rivers. The Master Plan considers how these impacts
can be avoided or mitigated in the decisions relating to siting, design and operation of
hydropower projects. The intersection of these impacts and decision nodes are depicted in the x
and y axes of the following matrix (Figure ES-3).

Counteract Barrier to migratory = Trapping of Alteration of natural
impacts—— fish & inundation of sediments and flows
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H
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Figure ES-3. Diagram of depicting primary considerations for sustainable hydropower.
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Each of these cells is explicated in detail in the body of this Master Plan. Where all nine of these
mitigation strategies are met, the hydropower dam should surely be considered to fully satisfy
the “sustainability” criteria. Where few are met, it clearly should not. In this Master Plan, we
undertake to illustrate how hydropower can be practically developed in the context of a high
value fishery that will meet ALL of these targets without sacrificing power production goals or
making the facilities uneconomic.

7. SUSTAINABLE SITE SUITABILITY SURVEY

The logic and benefit of this Master Plan is to position the Government of Lao to take charge of
the future of hydropower development by determining itself the projects that will be developed,
where they will be located, when they will be commissioned, and how they will be designed and
operated. Equally important, under this Master Plan, the Government of Lao will decide which
proposed projects it will not accept proposals for feasibility studies. Yet, the Master Plan also
recognizes that the principle of sustainability is a matter of degree rather than a bright line and
that the need for power development may evolve in the future. The Master Plan therefore
presents a development scenario with a phased approach in which the highest priority for
development placed on a no-dam alternative that would augment the power output from existing
dams by integrating floating solar photovoltaic arrays to create a hybrid facility that would have
NO adverse environmental impacts (see Section 11), and the next highest priority to dams that
fully meet the sustainability criteria. It would assign the lowest priority to projects that do not
satisfy the Policy on Sustainable Hydropower. Section 5 explains at length the reasons that the
proposed mainstream dams do not satisfy the functional definition of sustainability. Five tiers of
development representing four levels of priority are presented in this Master Plan. They are
displayed in Table ES-2 on the next page.
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Figure ES-4. Newly identified Hydropower Sites in the Xe Kong River System.

Tier One Tier Two Tier Three Tier Four Tier Five
Solar Augmentation at Xe Kaman 1
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Without
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107°26.33E | 107°27.00E | 107°3157€ | | 107°0440926 | 106°50.84E | 107°18.84E | 106°58.94E | | 107°31.57E | 107°32.15E | | 107°408824E | 107°054225E | 106°42.60F | 106°50.84F | 10605251 | 106°55.94F [107018.84E
Province Attapeu Attapeu Sekong Sekong Sekong Xekong Attapeu Sekong Sekong Sekong Sekong Sekong Sekong Sekong Sekong | Attapeu
River Xe Kaman Xe Kaman XeKaman | XeKaman | XeKaman | | HouayAxam |  XeKong XeLon Dak EMule | | XeKaman | XeKaman XeKaman | NamPa Xe Kong Xe Kong Xe Kong XeKong | XeXou
Estimated Power 35 715 160 3805 183 n 333 214 175 550 27 %5 10 LK) {2 4 57 69
(GWhyr)
Installed capacity 200 400
(MW) 35 100 4 164 76 4 4 130 0 6 2 10 9 1 13 16
Rated head
(m) 48,6 788 640 566 160 19 30 4236 459.1 0 4 134 1% n 240 145
Design discharge
(m3fs) 155 9% 0.7 64.0 49 04 1 260 184 628 143 15 9 16 14 19
Full supply fevel
m) 280 30 640 566 330 550 730 860 865 420 200 350 350 450 420 30
Catchment area
(k) 1970 1740 203 79 1039 726 28 265 m 8272 1289 186 1106 186 141 298
Mean annual flow
(mls) 75 68.4 10 i 4 28 12 10 296 284 51 71 47 7 6 1
Total reservoir vol
(il ) 208 3% 165 1415

Solar augmentation alternative

Under study per MOUs

New dam sites identified by NHI
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8. DESIGNING SUSTAINABLE FISHERY MITIGATION MEASURES

The dams presented in Section 7 of this Master Plan that meet the siting criteria for sustainability
would be located in portions of the catchment that are relatively inaccessible to migratory fish.
Those sites that are above existing barriers to fish migration would not require fish passage
facilities. For The new dam sites in the Master Plan that are located in the upper reaches of the
catchment will experience some degree of fish migration, although relatively slight. However,
these projects will be more sustainable if they are required to include measures for fish both
upstream and downstream passage for those species that do penetrate that far. And, in the event
that the GoL authorizes some dam construction on the mainstream, it is quite essential that these
also incorporate adequate measures for fish passage to mitigate their impacts as much as
possible.

Section 8 reviews the global experience with such fish passage measures and recommends
designs and operations for successful migratory fish passage both upstream and downstream for
dams that generate power at the dam site, whether they are operated as storage dams or run-of-
river projects. These are the measures that should be required for any mainstream dams.

A rather different set of mitigation measures is required for diversion-style hydropower projects
in which water is diverted by a barrage into a canal or penstock that conveys it by gravity flow
along the gradient to a remote off-stream powerhouse located well downstream or in an adjoining
watershed, that then discharges back into the river. These projects maximize the power potential
from a given quantity of stream flow by maximizing the hydraulic head at the powerhouse. These
facilities present a rather different set of mitigation challenges associated with flow alteration
and depletion in the reaches below the barrage, water temperature management in that reach,
and fish pass around the barrage, as well as the mitigation issues associated with passage through
turbines and spillways. Mitigation measures for these types of dams are also presented in Section
9.

9. SUSTAINABLE DESIGN AND OPERATIONS FOR SEDIMENT DISCHARGE

By virtue of interrupting the continuity of sediment transport in rivers, dams cause sediment to
accumulate upstream within reservoirs, thereby impairing reservoir operation and decreasing
storage, and depriving downstream reaches of the sediments that are essential to maintain the
integrity of the river. Section 2 of this Master Plan describes the essential role of sediment flows
to maintain the ecological health of the river system, the morphology of the river channel, the
availability of nutrients to fuel the aquatic food chain, and the integrity of the Mekong delta.
Section 9 presents the general principles for designing and operating hydropower dams to
discharge sediment. All of the future dams in the Xe Kong basin that trap sediments that would
otherwise flow into the Cambodia reach and the mainstream Mekong should be designed and
operated to these principles.

However, many of the new, sustainable, dams that are included in the Master Plan would be
located in the upper reaches of the Xe Kaman sub-tributary, which already has two dams in the
lower reaches. The largest of these dams, Xe Kaman 1, has no outlet for discharging sediment,
and impounds a reservoir that is wide and shallow. Virtually all of the bedload sediments and
much of the suspended sediments and nutrients that are discharged from upstream dams will be
trapped in this reservoir. This raises a genuine question whether it would be worthwhile to
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design and operate those upstream dams for sediment discharge. The benefits of doing so would
likely not be worth the cost.

Additionally, it is important to notice that all of the new dams in Section 7 are designed as
diversion-style projects. The barrages in these projects would also trap sediments and nutrients,
just like storage dams. But most of these dams are located in the upper catchment where
sediment loads may not be particularly high.

The most important application of the principles and measures described in this Section would
be for any mainstream dams that the GoL might authorize. Section 9 shows how these principles
and measures could be applied to the uppermost four of the seven mainstream dams to vastly
improve their sediment discharge. This analysis points in the direction of substantial redesign of
two of these four dams. It is essential that similar dam designs and operations be implemented
also in any dams sited lower in the mainstream as it is not worthwhile to discharge sediment from
upper dams that will then be trapped in lower dams. Once again, Xe Kong Downstream A is cited
as the dam of greatest concern for interrupting sediment flows into the mainstream Mekong.

10. SUSTAINABLE OPERATIONS FOR HYDROPOWER DAMS INCLUDED IN THE MASTER PLAN

The existing hydropower dams in the Xe Kong basin, particularly Xe Kaman 1/Xe Kaman Sanxay
and Nam Kong 1 (now under construction) block spawning habitats in the reaches above them.
They can also have a deleterious effect on the downstream fishery (for both migratory and
resident fishes) if they distort the flow pattern in a manner that makes that habitat inaccessible
or unusable. And, certainly, the proposed mainstream dams, especially Xe Kong 5, if designed and
operated as storage dams, would have such impacts. The most serious concern is that these dams
will operate as hydro-peaking facilities that discharge surges into the downstream channel during
time of peak power consumption and followed by nearly complete curtailment of discharges
during the night time. This creates flow conditions that are quite damaging to the downstream
fishery. If the dams also store water seasonally, they will y reduce the peak flows that inundate
the floodplains and spawning gravels and vegetation in the river channel, or eliminate the riffles
that occur at the lower flow levels under natural conditions. Some distortion is probably
inevitable. The critical issues are (1) how much distortion will occur at what times and through
what reaches, and (2) what are the thresholds of tolerance of flow distortion for the migratory
species.

Section 10 assesses the flow alteration to be expected from the existing dams, specifically from
Xe Kaman 1/Xe Kaman Sanxay and Nam Kong 1.

The hydrologic alteration caused by Xe Kaman 1 below the confluence of the Xe Kaman and Xe
Xou is only slightly dampened due to the natural flows contributed by that tributary. The reach
below the confluence with the Xe Kong mainstream is also thought to represent an important
habitat for both migratory fish species and endemic fish species. Taking into account the seven
planned mainstream dams upstream of this location, the effect from the operation of Xe Kaman 1
would be rather slight. By the time the Xe Kong river reaches the Lao-Cambodia border, the
hydrologic alteration registers the effect of all 24 existing and planned Xe Kong dams, and
includes inflow from the Nam Kong tributary. These simulated results assume that Nam Kong 1
is operated as a seasonal storage reservoir. The flow distortion is even less pronounced at this
location. The final location that was modeled for flow alteration at the Lao-Cambodia border
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shows negligible hydrologic alteration due to natural inflows from the Xepian-Houay Khampo
tributary.

Because Xe Kaman 1 is capable of storing more than a full year of average daily inflows, it would
nullify all of the hydrologic variation induced by existing and planned dams upstream. However,
its operations would create large distortions in the downstream reach to the confluence with the
Xe Xou, a reach that is thought to be important for migratory fish species as well as for endemics.
Because Xe Kaman 1 has the capacity to store an entire year of inflow, in an average year it can
produce nearly constant daily energy output by releasing the river’s mean annual flow rate for 24
hours per day. (Note that the Xe Kaman-Sanxay reservoir is not large enough to significantly
distort the river’s natural hydrologic and sediment regimes below Xe Kaman 1). The hydrologic
spikes in the unregulated flow pattern during the transitional and wet seasons are known to serve
multiple eco-hydrological purposes such as triggering fish migration, ensuring inundation of
floodplain habitats, and ensuring sediment transport. These clearly disappear as a result of
operation of the Xe Kaman 1 reservoir.

Future work should include an assessment of the tolerance thresholds for hydrologic alteration
of the downstream fisheries. Operational protocols should be developed for those dams that
would avoid exceeding those thresholds and assure flow conditions that enable the migratory fish
to access and use the prime spawning and rearing habitats and that protect the resident fishery.
On this basis, environmental flow prescriptions need to be developed for the reaches below these
dams to the extent necessary. The analysis that must be conducted to determine operational
parameters is often referred to as “environmental flow requirements”. The desired pattern will
resemble the natural flow regime in terms of timing, duration and magnitude of high and low
flows as closely as possible.

11. SOLAR POWER AUGMENTATION OF XE KAMAN 1 HYDROPOWER PROJECT

The past few years have seen a dramatic reduction in cost of solar photovoltaic power generation
(Solar PV) which therefore presents a renewable energy enhancement to existing hydropower
facilities in the Xe Kong Basin that would avoid the high environmental damage costs of building
new hydro projects on the mainstream instead.

Because solar panels only produce power when the sun shines, and even then, rapid changes in
output occur when clouds pass over, integration of the output into a power grid can be
problematic atlarge scale (100 MW and more). One way of addressing these integration problems
is to combine a solar PV project with a hydro project. The flexibility of power output from hydro
turbines allows the hydro project to function as a large battery, allowing the combined project to
deliver into the grid smoothed and dispatchable power. When PV output is at its maximum, the
water is stored rather than released during these hours: but then released later in the day when
power demand peaks), and that the turbines have quick response times. When water storage is
possible, it also allows high-value hydropower to be produced at peak demand time.

Two other advantages of installing solar PV at an existing hydropower reservoir are:

(1) the benefit of using existing electrical infrastructure, including high voltage grid access
and transformation devices. This drastically lowers the overall costs and allows projects
to be deployed quickly.
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(2) Avoiding the need to acquire large land areas and the need for resettlement and relocation
of large numbers of persons.

For these reasons, the Master Plan examines the deployment of floating solar PV at the largest
existing hydropower reservoir in the Xe Kong Basin, the Xe Kaman 1 hydro power project
(“XK1”), as an additional electricity generation source. This project is owned and operated
by the Viet-Lao Joint Stock Company (VL]JSC) under a concession agreement with the Government
of Lao. The project consists of the Xe Kaman 1 hydropower plant at the upper level and the lower
level and the Xe Kaman Sanxay hydropower plant at the lower level with a total design capacity
of 322 MW and a planned total output of 1.22 billion kWh per year. The lower reservoir can be
operated as a re-regulation reservoir to counteract the large daily distortions in the downstream
flow pattern that result from hydro-peaking operations that would be associated with hybrid
operations with a solar component. This is important because these distortions can be quite
detrimental to the fishery.

In general, during most months of the year (Dec to Aug), solar PV compliments well the hydro
power generation. However, during the wet months, there is an oversupply of water and hydro
facility is normally running at its peak capacity. Depending on the carrying capacity of the
transmission line from Xe Kaman, the PV/Hydro hybrid generating facility could face curtailment
during September to November.

The limitations on the scale of floating PV that could be installed on the Xe Kaman Reservoir are:

e The transmission evacuation capacity. The evacuation of the power from Xe Kaman 1 is
through a 230kV double-circuit transmission line to Pleiku 2 500kV substation in Vietnam,
with a nominal capacity of 666 MW, which can be upgraded to 800 MW if required (e.g. in
case the Floating Solar addition would go beyond the nominal line capacity). The load flow
results show that the existing 230 kV line will experience constraints once the PV
installation reaches 400 MWp. For a further PV capacity increase, it is recommended to
upgrade the line capacity to 800 MWp. For any PV installation above 500 MWp, it is
recommended to build new transmission lines for safe operation of the transmission lines.

e The ability of the EVN grid to absorb short-term fluctuations- though this can always be
mitigated (at a cost) by storage batteries or flywheels. With Xe Kaman representing a small
contribution to the very large installed capacity of Vietnam, the ability to make a few
hundred MW of solar PV dispatchable may not be a significant constraint.

e Environmental limits - there would likely be limits as to how much of the surface area one
can cover before there may arise questions regarding water quality, the eco-system, and
the impact on any reservoir fisheries. But, even coverage of only 10-15% of the total water
surface area would in principle allow more than 1,000 MW.

The maximum PV that can be made dispatchable by ramping down of hydro units is 217 MW, so
about two thirds of the installed hydro capacity. A PV project with a first phase of 200 MW,
followed by a second phase of another 200 MW should be the subject of a detailed feasibility
study. Once the concept has been proven, and 400 MW absorbed by the EVN grid without
difficulty, one may then examine the feasibility of additional tranches as may require
transmission line upgrades or additional evacuation capacity (perhaps involving other hydro
projects in Laos as well).
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We draw the following conclusions:

Floating PV systems can be regarded as a proven technology. Unlike hydro projects, they
have essentially no environmental damage costs and raise no problems related to
relocation and resettlement of persons. Such a project would be eligible for concessional
financing, which greatly increases its financial viability. The modularity and short
construction periods make this technology well suited to the uncertainties of load growth
in Laos - the timing of additional 50-100 MW increments can be easily be optimized to
meet the demand growth - unlike large hydro additions with 5-7 year gestation periods.
In the case of PV evacuated into the EVN system of Vietnam (as would be the case at Xe
Kaman 1), the potential demand in Vietnam is so large that annual increments of 500 MW
could easily be accommodated.

The costs of solar PV systems have decreased rapidly over the past decade, and further
cost decreases are likely. However, these gains are largely for the PV modules themselves,
and balance of system costs will be more difficult to reduce. Nevertheless, present costs of
$1,000/kW for floating systems are likely to reduce to $900/kW over the next decade.

Much more rapid decreases in battery storage costs are probable over the next decade,
driven by innovation for electric automobiles. Current storage costs are likely to decline to
around $300-400/kWh by 2020.

We anticipate no significant problems of grid integration associated with the variable
output of PV. Even if the Francis turbines at XK1 cannot absorb short-term output
fluctuations, reactive compensation and - as last resort - battery storage systems will be
able to mitigate this impact at relatively small incremental cost.

~400 MWp of additional Floating PV can be accommodated on the existing 666 MW
transmission line, which increases to almost ~500 MWp in case the line is upgraded to 800
MW.

A floating PV system at XK1 can be added without in any way detracting the ongoing hydro
operations. Given the strong interest of the present operator/owner of XK1, we see no
insurmountable technical obstacles to a successful implementation.

The main perceived risk will be the possibility of damage from intense typhoon storms,
though these will have greatly diminished in strength by the time they might reach XK1.
However, engineering solutions are available to mitigate this risk.
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EXECUTIVE SUMMARY AND CONCLUSIONS — LAO TRANSLATION

[Next page]

ES-17



Sustainable Hydropower Master Plan for the Xe Kong Basin

3
[]

S9aoumensonucie Luitduggeguiigeiu?

o

1. Ue9 Qe Sty teusSiinmauustuuwmagdaunIuEinns uacS ou wiacuududs

UU Q10 dudzinnoligin JusSuniugremigdaunivdnnsuacgsutdida  (urengagniudu

g '
o & Q o

9ong59Th. Yeud, Je€outddn 21 woigilezouinimends 15 MW riadgdnaudnials wae J4n

' ¥
a Qo

VOUYIWNTT 26 (29U NETUTReNG). S1AUSISWou00WKNONRNY,  CUUNIURFENNIKILIIN

v
A

JuUgRudutaTuedegniiily wae naugencuud i Inudaciuniuuanoy; Dusgnaudnalgcdiaiy

Agauandnedyed. Yeadul, Jésuwldzuiy 85 woigilesouinlmends 15 MW uuun 59

'y
Qo

(2ol cUudIg TuEunsuN VTRV, 113EIeNAIUINANNY, NIUSSNLUY € NN lgiEow
ey Twign Innzuuesly YU 19 [ecdueifindutacdsn.

gy NHI YdgeoD “cuclin” weudifigouwidnnzuiu sUd 210 dauniudnfisd:&in
nuia2sustouisdaunauiinnz uacdeu twiacuududs zﬁq:c’zjiuUzTmEm‘(umnﬁnm:mcé"su‘cuﬁﬂe}é’nj
cdvicgnegtussuidin. veluviediuniuiinnuadoutihcuududy ciutdinawsusegamsswac
210 1z Je1d929ubnIongJud 335uR 12 Geudiney 2015. cwucldn cUunuAndfiues]
ne2oued9910 e dus (MEM), Sndiufinaoiu@ata (MoU) fuusmSnzuatacsijzan (NUoL) «as

nudngnIdNuwINgouzeIn Ningogogftuniussyinia g ludiunuinnsucgoutuid.

vlouielouudaunmiinneudeu ticuududs ‘cﬁﬁn‘mﬁjﬁu?é@ﬁummaoﬁﬁjoészj
enuiinnz a3 tuidatussifinesy sUU 210 Hcdudfnawlunwgndsy cas NN
firsciofunsfiunigduddiudsondey «ae F98u; edndudutdSuidaity degtdsinsesldiiin
Homnzuadafytunsfiuitagnaudi Sngecoionnicin, FouUtdifidngsusfunsfivugzdy e Gu

nefiugueny e WedstJuiingnagden «Re NueeNKUY (WegUINey A INNJUiinmn1gcdeon
nWIBunsfiunUsedgn wow. niudagustoviedyitdniouigagdigtuelucds “GnldgiBunziivnagiay

Saconde uiidgauIndSuCUItdEy NIUKILCRUNIILYING NS0 U1EY § nuvinRaenagiaudg
AsufionSnser” wiign, ncUne&;m.unccuuna%ggmd:nsuummmn:m w2 dauedinin. gyl

N0, cuon1gguangnottcdutaSntriseAgctigdiovie e Stidacduniy grendadeutauinnaui

Jd1ygogre. wesely, cwucdingzduld ddnwuseoingofiuniurialnoin «ae  2cuzdaidy

'
a

i e tuniwfinduTangonulainiucsy i o JnoruceIuniulnd:Jjeeus tlouwid. 2
ey cuudetugoud 4 293wnii 6.

v

(Jout2uUnNn ALY CE.Li)Jﬂ'I'JJU’Eﬁ)J&JijE' MWANNAY, NWeSNEKUYU Kz NIDNI178299

o o

tagnaucEsutlia efindsy & adudunsfufidfieancinus:

Nde

! References will be found in Sections of the Master Plan summarized here.
ES—18


ES—18 


Sustainable Hydropower Master Plan for the Xe Kong Basin

1) maggiduge Sndadi Dnuioudnesudiunsudiy e msu;g'uesjcé"sn torSnWwidy
[9u83ngegwonJudaoruduyy.

2) J’]’I'UﬂjUECUjECUUZﬁ’IUza’mQSjﬁUECUUﬂ’IU\CQQSjﬁﬂ fAcSsudgrediiuduivitos wae @unay
Fuoaldicrinaudisugezsjue.

3) nwigesINENeudY KAy NASURDLIEMNIUSIIINYY de RS UEunIY (: Ky

feJortzeliennougues o,

vzlovie0niol  cUutdiniuusumnie WinegojweNgw €z UKs, 108Kz un

o

velowiowe)P (e un1y (DEPP), il tuniuiniigdeiinfoRjelutd usume 1hine 507

'
v

SusenoUrilEgIN KA F9Kondeu (MONRE) tnegstwassiingigagiutuniuriitnnaudacdunaumag
daudqeondeuzetagnaudiSniuged. g1320hmu, cuonsnl didinwniliogsaazsdinmln
fidiegSnoliniSudngsutunaudzcutagnauidngeed Wwdwdondeu § F98u “didudy”, Su
neudidunaudag nriafindsditu § vinnenaudiggiecaiy couidenautiua s Wil imentd.

ww‘im’mud:ﬁﬁnzﬁﬁ?w:aﬁu, fingzuz2ogdnnzuauarodnudaduniudnnsudou i
cc.U'u‘cﬁc"é"1‘cuﬁﬂnum‘Enyzﬁ’umucca’oczﬁs‘tuﬁﬁnwﬁcﬁuiom’;ﬁnm:m,t«@tﬁﬁﬂcﬁumuﬁnmaowcﬁu‘cu‘cﬁ,
Gaunaudy Rz NwSeznagdgronds. (ijclusidinsueesFntd SnudndusGindivznsuulls
Sowandtddsauty, tnefiotado wluiisinduwsamneutuniuindusdinfigruinnondiudcuy
tonza10. Wnwdsunsuds Widdiuaorueancigiiy, cuucudngedull cuutdueteuidetdicivcs
sliiegsdnneuiu SUU 210 zh"f’]c§°180Um‘ﬁumuﬁoﬁumjﬁmanzﬁﬁj, NIWSSNUY (e NIW118297
tagnwSogein didulagnwiaeSutuganicuuagduamiinion:  dWerSnniudngworuciuty
ggeiiogo wasniudzSufunsfiudiudconde waedsfiu. F9an “nuufingsunisudion”
geuveeng, weucudndgniiod cougiuinaualsdsduforuutdiduiiv cas WucuudiZunay
HonzuadauticuududsluususSuguwisudznn e nryenssntuseL1ee).

gouo1iN29INWIINNES U tdinFIUINN RN duaouRemIs  TudunnmunIgui

¥
' <

Uzgan2gjguwzeaneuid (Jnwssiiviec3tuwind 4), cwucddndiniol aauingstivieSini)ee)
NENNEUT (oUW Tug1)eUagnejsrxe:

o (SniBundiunicdusSunze Inwuqnolisudgiedgn Heincinfiudininiuiouede § wyj
NeJorTggzwnsINudin JangsusnucEng M0 Tutiefiy;

o gnusunuinduna tidssingn Tudmunenauty €z NINSWIUR Y tUnIUN eI,

YINAIINULID

ES—19


ES—19 


Sustainable Hydropower Master Plan for the Xe Kong Basin

»  Jnudaduntd i tudueonsnngetagnay

£

Uaou1en1utz3n293E91 til12893n Tz UKl JUU Q12.

Ce

Va1 {gls

cucdingztul Juqtdinagiauand:98:

o Mudeniitly TwsswiBinficdounUtILNRATjEsudTunaeuiynio dindedininzongnJed
dluiigzeggiySula Aindsucdimise.

e  mMussnuuy tajnwnJuzdniiwiuTuniuEiaugs NN Uty (e NINIIWSINIU

e Mudny1?g =299lajniu cz?is%nmaowsﬁwﬁsvuccuumu‘cmesjﬂﬂ?mﬁwzam oLty N
Jyuednautg tuQennniy cdacsnlgidigauindaueatd was vatguagiguandgueangy ws «yj)

P
&

neJorTancdduiuiatiou.

£2 a

(Jumégygieyfanxuldaigage)siyeluigne)?

9 9

Uz’»gﬁuﬁ, wuviicgney ccu‘um2ﬂénﬁ29jcc.u'ﬁ"nzSjmyzzgmﬁwﬁéjjﬁﬁmuﬁnm:m (e 90
Ingsuetucuvriauegang g9 Ja010dsn twiudinrivsniiatuiengismnuidnivdzannmosnuau
M2Y8NSSN2NNA[UL. mmﬂuzﬁ'f)ﬁmu5unauﬁcwuﬁucﬁusﬁus’ag%uﬁﬂsjse 8919 waz e
m3niuey: 28y, (ga9v, tioy 91210 KR: ca% Wugouidinfieesjacdugag Uiizegfidiisngnony
Wud9EUStnedd naudsucyy MUKW wnIUEnng U tude 0. c§9uzﬁe’ﬁumsw;juasgccﬂﬁﬂcaam

2 Yrnnrideae cdudfgfinnuniugudizeglituendngedurgusn «e (331, cgfowsgccic iy

' ' '
Qe o o

teneytitisdd SRnfucut. waegedy, cuvene)SibEngsusduden s ﬁe]umzﬁ'ﬁmmndju
A ﬁﬂ5Uam.ue“in@:]zm:]f”nUtﬁuwzﬁneSjﬁcooﬁm:mzf’izgj‘zmwﬁﬂas:]. n’m%nmegueﬁcﬁﬂﬁu‘cﬁ?u
grwwndnwiione vSsutuin cUududinneduddumeddon:uin U 210 degtduSy
Woalgutluuiedaunuiinnsuacs oy twicuududs. ’»30U:ﬁjeSjccwucwﬁn5jﬁﬂ0tujucﬁsﬁﬂﬁmﬁn
nudinneua Engagouniiszey g1gSutigne) wsUUato zﬁ'i’JcUuaU:ﬁnﬁnﬂucﬁsnéﬂyQQjUﬂ. Wi
Wiwunaudnio, s1suess gy, ca% € wUvugney [efin$ngitusswiud Snatyeagss
‘Enumtug;umtuw:ﬁn‘cz.JziJ'lﬁ'lﬁn‘Cmsuczﬁgasgs’m%uﬁﬂ e tnen U3 widmandeytdaii@nd
‘Zmejzh"zgn Gouniuds ulegfiudgsnsuwe S i macSugsmuanime ﬁases}cﬁns‘mcﬁuﬁﬂ.

2. 9inazan, SUIUNIUSNze €l Nudinaenew

2 v

cutacanes, (229U R (gUsn vsnsuuclit 3S fiuinsugou 10% sejdudisulialusiy
wuvze) St 795,000 km?. wluadaly cUutguuengiety (the Ammanite Mountains) 299
10 (R MO, FRucduagngy wluIIngeusdcnncigtunagdayddsnn HOMenIngeUs

iucenunutdnacenduis e ueneeoSnnd «e neuguiudannriae. n1Utesning
ES—20


ES—20 


Sustainable Hydropower Master Plan for the Xe Kong Basin

niol  cduadniudsucdgRaindsundnscgui tyes) WA duienuinolio (uwIingougelR1o o
(206U WNssuwsyndanssuesnzea gy, dudugie wz Jurgendudsuitgesy e Wudan.

Yenauld 2 duteng:ydniididungdugosugiuesiigin  (NBCA’s: National Biodiversity

P '
@ a

Conservation Areas) Tutensgyicis, (ggaw Jided 1,499 km? (Tucencolis) was Ay Jsh

1,998 km? (Tutennacoussn).

ewyod) (The Ammanite Mountains) cwu.uaow:]o:]w“ U, uua?mcmuawmu
nyouuNuBbuEEInnagtaunznauduidsy. Ut 3S wludsnsugoudsuay 20% 293Ut UuuTy

g1LUI2e).  rriniwdinsusgouTudunansuduucuizejcluginas Jyenddngouidniudsy

'
°

nsutunegenuuisSulige)bu. TuarushdudnudsciulnenytudiunIugudnnesuty €ae NI

P v
-1 o

weine e Tueneduclua 3S, éyngguzh"“ﬁ:;m"mzqué"ug cUuneneuduAiE It 3S iy
Dueway 25 MyD WD uccJJUe'ﬁucﬁsu‘@ﬁsmﬁ'q:ﬁmuﬁnmzm. 10e89T9g90390u, nenouduAIN
wUr 3S wuUuvsnsugounetiy 25% 293m:neuﬁuﬁﬁ?uccuﬁﬂeejmgu;ju. nenoUGURSUE AN
cute 3S tEgcuize) wlugoulmeurnmnsageutiegney Giby, Dudgiuniugecas i
poruddiuzgNuEngnoiudaiseeneneutuluazdusagciyrene) cachuccmgcaaumznmwzan

02 neudy (RoLdgcdngae) H ‘czy jacencwmasjmam (the Delta).

3. nwuzigtuciiignes

Qv oo

Batigyiariuca cdUrgneydugieageiusugniintues e ity Jsucuunytgiicdudn

v
P

gea?, wllgne) wuutddeswosicniniueisugwes i lned idghiningorgnsgendacitn Ju
wriwsntisenneUTd.  Oysnudlucliudjdsnoui Jaorugeiugre Tuniudioudenainiuds Jg
MYSNSSN (U297, NAZIUAR (KA: (20001 TudstnnmosnuaL.

cUUagnejUznaudiosn Ly INY eI Nyl 1z geindindlusetazfucdaluecly J

yregelnd Jeemereiiutucyggiegdetgsswizasyiy.  Tuasueiigoudugluengjedis 38 (tgg1w

' v ' v
Qo & Qo o

€ gUen) cUuuduigusivwsy Acduduhdnitioveggoimie, wuurgne)ty sUY 210 Fou

g WurenwgghJnorweseguyte. Jydalutddduniudsdundigniggidudeuteesdcondo

Hunscguai iy tonzgensen2ni sy, (2nNtYg1WIS0UININ € 2nmIngle Adnducdiuiy

'
Q

Janduigizazsounise. (eaduiiatiouzs)jcliagnejclulnoiusiaugie s smmc’ﬂu’ﬂn‘hm

o

s?)’IET,US‘lJU]Jj lﬂJJﬂ‘lfUU“’ﬂ8U§lO‘JJC2’I?UEJIJEJ"QO?QS]U’IZHU‘”ZH’IE?]’]IJ (N 812107 INYe. .UU‘]U]’]EJ%“IJO
ﬁ’l'lJCEtJLJ‘]J?UE?OU1JUT]J“lI']OJJMJJN’I‘]JCQ81JEJ"lEJ‘(QEJ&‘CT]T‘]JU’]:’]Q:QQUEI’]:‘]C’]‘JJ‘]J’I.

o

TneUdzu1uc0 FuougeindainJtucluicgney wuuaet 175 — 265 g2:1n. wleritunsuiiie

daugu cuutddfownue 22% 293g:indrigulind Jtucduieeg vonamnduicdtedo cuulwggee

ES—21


ES—21 


Sustainable Hydropower Master Plan for the Xe Kong Basin

3% zogsslnuaticdufornutusigeltiesy.  tddnwdsdumagdmtauouginuidi Snauisuge
(Suiuamn 60 — 100 g0, vagRauoudaidnudoudie cuulaoruddivmeniduman:tindSu
%JJQUﬁeﬂ‘Zmﬁuajuccauﬁjcwﬁ’l. Sr3uge o Dz Wutietiu wludscfudrdgaemay 15 — 25
210, nwdscDugeTniJao1ug5 clueemany 9 — 14 g, Satimrunnssu Anagdaion
Snzerzogrlyalutausdiaunn naudscdudity  couddngsusdudy. waegeiy  wonSgauan
vauEuiwoudi fluasfiugy deurdudgiziunus uEudywian.

nuiguge2 g uniugunsuee)d)aeuddnasjuatme HyaInte, 12 wzfiossu a2

' v
A2

989 Winuneegl, IneRecwa Wg0INWTNRIFN runiutgédeuiugingutol Tucencn)

v

feJorle Tdsnnriagdiae R INUizemognuIl tReo12e NI VErgumUs «eJ T iy

[

eonciagfiy 2uRudgasug3nes gy, wrifdieuaeduTucdUmndIn gyseaemeeiiun:nsnd (5930

aQ

nIndguedsngaeiucdue Tugogtaesciouitduasquau oy (cfew 2 ;1 o 3) naudounutiou

£

' »
Q a o L) a

2129911 (o 6 madioy 7) we cdotau:ilduiandg ((fisy 11). Yagoulmeinu eugie tumaty)

9
v

ssmewiutuRzndagnaud uSnaudsucdde S v udulugiett cae (BatudutuuenSedn
‘Zu:a:mo"lj:n’mcﬁsuﬁjmmsu:\juczﬁ'aéﬁm:qﬁﬂﬁou?u‘camﬁ‘cu. nugsteeE Ut dnunsulng
v udueigtozegiitugiSulin. nuudediegetuensSutiagney gecn)WicdiuciSy
et tunaredinlnciunudsudwnandmaiedy.

otWidadntuniudioude JussnsedWiidyfitnfumgddidutumineuiszsy wuys
(Bunsofiufiuno U9 NI UIN2S R WD, anda, Yise ffovde § €2UASVIIF NSV
2991 53ﬁnemj‘C1m°1UcﬁsuéﬂsJ293U°|cc.u'uc’L’JlJmEJcmnzﬁ?msjzgajzgwﬁmm;nﬁjmﬂjﬁwﬁmou
Yeganay, duniusiiRedignagiiugsuiensosyuisingineswoniy § ‘Enaowsﬂuccsnzﬁc’ﬂmw
cmnﬁ‘iuﬁcﬁnmus‘quﬁu, SuGuntigtudauon:Rin cae Wiasshtclunidiudo:Snzen.

Uagoutmendlucuagney wluudandnorudieunigtaunnznn 4 dudinlguaini)

o~ 9

AaunauaidsNudRzugIgInIy. TR TunwIudagaucduagne) cludniudsucdtuesy 20n
n3192019 wrisandyienda 20,000 tnw/d (Baran et al., 2013.), aouijdageiindInueiouge s
Urgelnnuinaueisugne.

4, mz.nu‘tudz'a,iJ'iu293m1uz’.1’nznzu1cé°'9u‘cz.lzfj'|‘fusi'|jrcUﬁ'lrznsg xa: Soutny fibnwueod
g3 Liviigregn
Soy it Snuiinnzuatusjeiacgney vsnsudos 35 (Sou S3ngsusé:
4 Boufidudntuado
5 Bautlueutauzniundig

11 29v glu2uneuniuiind) tunivdnmzualanay

ES—22


ES—22 


Sustainable Hydropower Master Plan for the Xe Kong Basin

D N N O

t2ou cUutdInuesydoniudngeoiuddutdn

29V cjue) 1w d1INIUINg@1udu T

(891 LU tAgAINNIUENgeoudutda

t29u cUudTutauenenguNIuEngIa0 Ut

MJesyTunudndy [ndngsinndnaudscduciy 3,354 MW NutiuteS0mn30auu 37

2eauud 13,998 GWh/T. siduanusdiesiutucdngeiiul Syfgediufigneiudunigaui iy

g9 duagnz U, wSTuNwR19 ES-1 dauqu.

021y ES-1. a:wﬂumn?umnﬁnmxmcé"su‘cz.Jz?J'l?na'ﬂjchJﬁ'lcanaj UU 2719 AR 6/2017 HIAINNLZ0Y2 NI €A 4

«s (MEM) gUU Q90.

éTmmu genve COD ma;’?:g:m ;:;-]:ﬁz?a
g MW GW
tgnela 3 Sac30 2014 250 1000.3
tgneuau 1 S350 2016 290 1096
S unsuny
(gnzUIUSUZE né 2017 32 121
*1gngy (Meulu A) ¢Tutaes PDA 01031 COD riewd 2025 | 76 334.7
v 1 ¢tuss PDA aIn31 COD rievd 2025 | 50 210
vjad 2 ¢7utaes PDA a1031 COD risud 2025 | 68 288.5
V0 3 dutae: PDA 01031 COD riswd 2026 | 12 51.2
Nam Ang-Natabeng1 ¢Tutaes PDA 01031 COD risud 2030 | 41 183.3
tgnelau 4 dTutqe: PDA 01031 COD riewd 2025 | 70 287.4
*tgnay (Meulu B) Jlutqe: PDA 01031 COD risud) 2030 | 50 206.3
*tangg 3A JuIn F.S MOU 140 459
*tgn9 3B Ju3n F.S MOU 146 418
*tangy 5 Jadntaes F.S MOU 330 1,613.50
*angy 4A dnwSuse) F.S | anda COD nisud 2025 175 785.1
*tan9) 4B WnwsSuse) F.S | anda COD nisud 2025 165 800.9
gzl 2A Mivdatuna F.S | aanda COD risud 2030 35 160
tgnzual 2B M atuna F.S | aanda COD risud 2030 100 380.5

ES—23



ES—23 


Sustainable Hydropower Master Plan for the Xe Kong Basin

Hotiriaotdan ccu‘ﬁﬂcgnsjcw’uu'm:iau:l"ﬂﬁuéng;nzﬁﬂst?iEin’J‘cﬁﬁmuﬁnmzm?mcﬂﬁwsge}‘lu
UU 210 Dudludsficund iudaorudutagediIuniudideuuin, amuesidnnzun sud
Ao dudesniuayinieSudigediv. Bunsofiudadad, civtdiniudnsnorudutdddudnado 7
cé’étuzﬁﬁazw%o?mﬂs}?mcﬂnﬁ%cgnsn W YU 210 w2z J 4 tegnwludauoudniio cuutdiaoudy
sintdefignuususuie WiEn89U:GH0 WD 2025 fiasudy. weidy, 98 ucuudsd Nagnwtnditas
niuguseldieondoy, Budusmausete wae 9058 nutnd iiEunudusegRaindnnsun sUU
219, NHI gz Foedniu coudiduduivnmndauunniuaoluden twddungusey wietd

vlsurenudnnzuagsutidacuududy, igunsofiuniudstiutuwaind 5 «s 6 2gjuwutlinziy
1. T@gnaucdatiy cdutdgecn) tdcdudooouiesnsnay (*) Tunneiauciy.

'
[=3 o

Yooz tagnaugoulome cuutdiniuScdutageel neudiustouietd Jaidcdseenuirin
vOnInneJud. Sunsofiufiuftdesutdtuwing 1 e2ejuwucllngsiuic vlovwiIngeusi
ey tunutd Ignunniagnau. ﬁjﬁéﬂﬁwﬁﬁejﬁmnﬁﬂﬁnémgu cluduwand 5 293uwtuclin
geduiifitdcdnsr Sunsdiuficdudunareudiuniudoudiemigdauniud: 09 (g naudiufinae noy
GuaangasSuia) 'a:ﬁn’mczﬁuSnm’mﬁcé‘lewﬁjéncé"suéw5jﬁ°m;jU2939"|j§Uﬁﬂ.

5. nudstduniyduEunsivee i@y tudinge o€y TucLuuIgedin e “a01uduiy” 299
wond

(29Uii9oln «e wyjjcNuNnuIzegwonly, S19den1uReou9Iul, NIWadUUNIUTIOU § (d9
W tWdannmiu, clunauinedgEuunuesIgsuounun1gGuEgnge et Tungnlaunsfivngg

'
o a v °

Gruubueednnig8osdmzen. GunzfiuguhudndolgsclyiydiduniudeDytuggelvagney N

'
Q Qo

ﬂjUCEUj’QﬂﬂijﬂZﬁl‘ﬁ@28jCEZ}jj]iﬁEJS"ICZﬁm"lEJ.UﬂEUlJ‘lj"Ilﬂ.UQﬂSz‘)JzEJﬂﬁjZﬁCUUEC@jﬁQSﬂ?ﬁéﬂﬁﬁum:ma’lU, g9
zﬁﬁozaﬂjﬁjﬁﬂoﬁuccch§su (e 9"13cﬁuﬁﬂzﬁcﬁunwﬁnzoﬂjﬁjmsuczﬁj (e msu;ju29:]ccuﬁ'fiumu
(fioudneesguU Roulisteesqwoniy e nU; muﬁncch§Uccuumu‘cujesjajﬁuccriaﬁu (e Qa0
N, NIUONKYINIVLY ((RA: NIWFEA1I29I NV (€12 mns’lmmﬁ‘cmmﬁﬂﬁm Secdaiuesudiy
nefiutict une3fid i Saorugomenesy tnegweunaizejSoucuud@n Bungofiufius
‘cﬁﬁmua:cu‘ﬁq'1nﬁnﬁnm:mmwgéﬁw‘(nccﬂﬁwcansgawzﬁn. aoudiud), S9diutdgeenIWicsiu
rsISuTmeiyo) (Sud Eﬁ‘umz‘ﬁuzﬁ'ﬁ‘cﬁmccnj‘izﬁczﬁuaowc:}em°1EJzﬁﬁ‘(md:aﬁu?usﬂzﬂdﬂjgzsjcwﬁﬂ
297 ésnsgnsﬁz?iﬁcanzegccﬂﬁ%ans:] Sr3udueSnuad Snaudisueiie Gntd Snaudufntuwingoud
3 war dounorudidiutuniusnsugonludunneudy «az mnewuityIgasduciineugy
QourfguangoudiciucLiieegnodditigf tdivfintSuwangoud 2.

o1 latnuniotd Anulngguueiiae Jnaudniitgi@outuciiigredinidniugsol Ty
cdvrgne) wlusxSntdicindgaghuligsouintneedduigzeogudin, gngy 5 [eguinciufings
JuRelu Qe 2auTuneuquaesgiuniaiginenuineUisucuunutgeegll e Innetg tui

a a

Y g Yse cluuNuSinIutyesjlul (Fud1 Yrduuniutgeenzgsjuatucriazdy 283dunigsy

'
v

fgnouqu aouastiinuNudsI uauniutges g tugagiull. Uunenorud nawtgiEndsutad

ES—24


ES—24 


Sustainable Hydropower Master Plan for the Xe Kong Basin

NIURNESUAIINNIVIFULYI TUINFIIN29INIVLY € (HUNIU Y TURROUIRFIUINSNFURYSNSSN
douuafin «le JggnsuquesiQziucii. wwldnuduundnmudniol  «le nuuSndvdbunsiiv
293t29ud Uit InunNg1gedo Nt IGunsfivddugueegudin Sungofiulai tgeiuglecny

(2aguzcnnrindeae U JIngsuzeisu ES-1 Q3duqu

Reach #
11000
PMT-LW: 35
30001
Unregulated
25001 —— Regulated
20001
)
£ 1500}
-
[=]
a
1000 -
500

gan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Time (Months)

su ES- 1. mudsucdinautgesyduguesjuadin Aducdustyuigiocnu@igusanariaee.

ysnandy, Jnweinm3gor Seudigplndaiiuas tdinudnuatsitiudssauouniugznon
807 tQezwEd91Ug90 WergnmaudugenInoiueingruanuctiasdudidesgiu. Gty 0N
cé’éUcw'uq:ﬁmum:ﬁnﬁﬂm:qmu R wSUASnwtgee gyl tRmngsuuiicdu ).
a:ﬁuﬁ’l‘cuﬂgjj@n ccUudgnoruenncirggesuining we 0'9j‘co‘t';uspccuUn’m‘cugzsjmccaﬁ’l‘twmsmju

'
a

59 0veinciudsn SnavriiRie tnegetweniude Dy Tunsugu.

v

t2oudie) tue Uugedineingagdgifineonnniuisugiugegda Sucsjuran i) niwfingory

NIYAEEN (ZyourectiInetnegsuce) e i) 19y AINudINngoly (90 WdUTneUINTHNNNgy

2 v
Qo o

walditfinniuduadiunivtgludida.  S3fin2o1nmdwdEnaiy [edegnuniu@suge2sdaly
NEESVIIIN) c§j‘iuzh"@ns‘mQzénaj‘wcﬁjmug}mayazﬁnm zﬁﬁmmnﬁﬁquué’ﬁmﬁﬁuqu. (89U 1Rz 999

o o

chudaday [ecduBunsfividiauuniugisvdezegalunsugy. nauneicinnnuEIuE)In

< o a

Jutdia enasdudyndnoiusieugie. SQudadisiesouiniss migsouinnay eiedhoel13euuay

P
[y o as

5-20% Tuiriazcgou. Jussdangsusnzdguay siauniunieesjgandessnintringjdizesuinioe.

v

ES—25


ES—25 


Sustainable Hydropower Master Plan for the Xe Kong Basin

as

(figcUuduseuciuiudicudsfingonmaguiugsju Jugauinqnesuniudunsiived Ny
URsURNRivIgILINGIU Rz “Dulnfuur” Windierin (10 wind 9), SyngotiveAnTdiciu
grivdciudgiuindatd. Uifidenmudeudiesytunsuciizegsgcltegnes cluJunnedi
Wnusneredudigingre.  cigoulneciuidngsusniugsmeretiuluc LuidduInasusiatg u
ccm’gzﬁ@sﬁa w2 cHentmesgnzagii Snaudsucdstnusgagiuga daagsaousst Snaugsmieiiv 8
tg2oquondy «e Jnul dg0In98t0td s my‘cU‘Enzﬁggn. Sngeusdiddutatiieeggagiivia iy
aUzﬁn‘iuﬁUﬂzﬁﬁermo‘imsjcﬁu‘co ficiegganm Viilniwty fuon@adiejniuidossmeeiiy. faon
Dududinaouy wondaRedudiuca ccujjif]‘e;ls’l‘tacwuﬁﬁna:m;gnﬁj dounaudagcdugagcivda.
aguingudntuniuesmeneiy, t8eogwoniy was nul Aediggeuasuiudungenggiu
czﬁsaenmm:ccaﬁﬂ‘cmzﬁmmniﬁnwﬂwonﬁu‘cu‘cﬁcﬁjccujjﬁsyeﬂ?:l‘(umsm;u sy dugrunmagimay
W wae Sutmddudadioto. difnPuficinSutugfiviiicEnWinsaziitgiica cuudusdfiaedn
Uianuadnaseintdvid.  goulodiluas Sniudnfioamnnaugincauwontsiidnidaol s
31, ﬂ“lEJEaucgjs?Uﬁ(tﬁ&mﬂU’llﬁﬁE!cﬁUS‘ljcﬁUﬁ"l aq ﬁuﬁjﬁnﬁuﬁus'ﬁusﬁj x2: ;meladgsndouzinoen
S00. ﬂ’liJC’]’IEJlﬁCﬁO’QﬂﬂS"If]EﬁUﬁy’lCCIﬁjUﬁjQ‘lﬂ’Q&ﬁEﬁ’l?ﬁﬁl‘,jlﬂ’le. arimangageiiua S nge veuenodiiv
WIngeusifneagmosmiy, Snocinmwmesindidy 100%. Sunsfuficinandiesfivin tnehioty

cUudniunsogsyfucuungney dsundaztunoruainegiiseasiSntnlgigiivuaiend was ndag.

Dusncudsficdutudtdfias@nialssaiuiituctiignes toSngRtiuniutyesy
neegyt (decnwits was Nl ;a°|.U°10;19UﬁoéﬁumccaﬁnmmenéﬂjcﬁUﬁﬂ. §9dagiu, wUudiogdnay
Enzmsgentassnissnandivesntuiivsat & Souin; nwBudie war anul Ly 99.9% 299
gfiudh eandudsidusgdiSuniudesfiuniunte. Nttty daoiudegniutunauEngasusiv
Wansiinwtgesinieadici  (dedduiniSnivtgaugigiiuiidusduatisisundt.  nay
Dnyalggagiiuiatucldigiedin  neegvt e iyl Shggnussngecfisaedurialugagiuai
9 ﬁUt?mU"imw.mccu’umU;gnﬁj‘tuﬁﬂumw:ﬁnesjce‘“'sn‘cz,Jz:J'l (599102 0eE0 WieinGuGmageiay
(R0TER0.

efunufindunsfivdfiugoy wa: s1fiudacdiiy cuudugemozgnmudoudied foy
nBuiigee gyifinzohnudsudwesiUr  wae muﬁouéjaejcwﬁﬂ‘iUccqijzﬁ'e]sﬁaﬁ‘fé?umu
saereiiy, SufiuguinesSoy ke éijzﬁ:hﬁmﬁxgn cc.ljmgnz?iﬁgjas:]monﬁu. QuRoungsln wuud
1jgendl 6 ?gnzﬁ'ﬁjzﬁ'wmzﬁu‘iuﬁ"lUaowﬁﬂéuesjnﬂucﬁsuéﬂ929jUﬂ czﬁs‘Zuﬁmmmn‘wmﬂccujjﬁq.caﬂ‘ia
Wngsmeebutuclcenes. ﬁjcﬁﬂﬁUSﬂnnﬂEJc'i“JlJs?ijz?iﬁnﬁnmucﬁsnéwesndﬁn@ﬁuqu. usn
Al Eouiiluneudy cuududfiasinfunsfiudigiends. wseiiy, Esuigneneusy A 910
WugamnfilenotuniuriiResuussmeungdmriegn  AfufoniovwdguiaaunueSndy.
ﬁnccﬂuﬁjﬁvﬁeygnmﬁjﬁm “gorUBudy”. S3ieouda7atReLy niufnfiunudioudiwesjuatima
CEZJjj]ZﬁEJS’]?R)TUS’IjCEUTj‘I zﬁcé’isus;”ner»nnﬁmczﬁj2932ﬂyccnuU3cmnﬁﬂQC%. gySationn Dfunsfudicdly

'
o

JynriRreniuaoudien1gniuds It RucliiagneyTudzinnio  wWefinf)n01ug1.010 TUNIUEEIN
ES—26


ES—26 


Sustainable Hydropower Master Plan for the Xe Kong Basin

w9 75 MW cdsusunguiuedo cluiduwsjwegaunid{avousise. Gy tdnouatudauciy
Gunzdiui lmeigosnveiniSnnid2ulnenIungd1IfsoundlugznonORuNWEUAI2eUr Srdudan
Inaudisugio2unsucdiszejedts  deuddumdinuiuginutgiendn: sy nawuneclul

INFULNKIYIL.

g9028918canUsewdr 6 (Soungnougy e Jeeiudt #5 NdgouuTaTudmuustoureny

WonzuaSoutuiuududy  Gyeoiududtanilntdluwnd 6 esjuwurlingdul § 0l

Linnzmutngidaolunue.

o s

nenoudy «ag minsmuiinwdnIutuEsustedn

S1FunensuGy €2 NINKIUSINIV Bun:fivRAin2unRuEsuTucUUIRegn ©a: g13hula
910y 2 Iz, e Inudsucdgngeg tusucuuniutgeeguacuuriiuegIn we S0 diolin
futUnmudedungiuindtituneuly Inenuiudgtugeinineudy «x nmingweiniy. J

3 & o

oy 7 cczﬁjeﬁnccuﬁﬂcansj fonJaorwgivindiufiniatStddy 5,848 10%me. Gydtddnawy
gfivistuwIng 2, deuau 8.4 MUY 2ejnnsuticeuasstucldarensy 89eaniticdiutneioty
€Uy 1/3 (37%) 299 22.7 M/D 29mensuiidlugagei 3S (Foghy: (gneg, 220 €z tgUsn).

Dutuaridr talnweencuy «R: Ndnlg @odseningy, (EouuIfnTucluiagney [whin
FWUneNaUAURNEInN[ALY) €z nensUtURALAgoIgeiiy Ysduclutglgeluicgneg twme

' '
Q o

(29 1z whgnntgtdmaeninodi.

9

——Dams operational

No dams (unregulated)

Monthly Sediment Load
(10°tons)

\’b{\ ((éo @’?} ?_QK é\’b\\ \\§\ \\)\' ?‘\}QO LJQ‘Q O(}" %0‘-5 06(.4

su ES-2. JsunguegsdeTuariasiougenensuduiiniugusy chsciudinauaougu (foey: 0digsw) Hucds 6

Soutucudagneg (cgne) 5, 4A, 4B, 3A, 3B wa: 1B mandnaudnuals).

nenaudualy  cUuSIFEuTUNIUENRIZ99N19001 LR LYY 1Rr  SUSUTIUZ293W VNGNS
w3shJuatiou cdegeougjiauadrugIingenageyisieer tgicisnuutciagsln wae wrinegosiaes
830299, nensudundcludensuurtiniiofigea Uil tdguidensududuiaduguyusgiSudivi

2
av

Lsgandenaueasil) ©Re nunzdnatuduiidgsiviDuation. g cludaorudeiuiag

ES—27


ES—27 


Sustainable Hydropower Master Plan for the Xe Kong Basin

g3 uicientdomnaueegu it we furednmagnaudeDy. wui2e9n0d we (2Nt Lue
Nz TIgNENeUGURINC U c‘i’Juﬁucw’umwn:ﬁuasjcé"suﬁﬁ:iawﬁjﬁsmﬁtﬁun:z’ﬁumnmugn
naugzsuegMIsdauneneuGues el «a: 21weesn 9anaedIngusdune3Sulunsmencoicioty
n130 tJoggeiiufiniatuc uiigiedintnesswaluigneg 5 91NV IUSINFILINTUNIHU
Hudaestd.

StinautuniuqneeuBunsfucuutdune32egnsnoudutugignuinua cuugunuiitijzsur
Qegov. A Eoucuuiintucdirgneg Hifiggesutdliy wuunyogeyNuyuldsinniisay
W3y (§yasduangzuzg1ytNuNNUANIanuend1g, £19 € Au. §310y cduduuInnw 18350

v
d adaw

nugsdagnenevtd. Jedncutudeuigne) 5 fiaedgaiivfininiddnssuscay wae 3n (cfjcly
919 Jtaeze0ienniL).

fi091029989N1u NHI tddnaunongsuminoruddul) Tuniugencuuday € niudnualg
293t2autgnegruuinid lugeidindinouas Inuduydiniudsensna uduia. EUtASUT Y
cUutAInmRewu Wwwandl 9 esguwucLinguil.

6. Uvaunsonuoiinngsji2ou tuiacuududy

deludisustovredauniudonsvidoutdnuududy  wa:  AdcuucuongBtitunauinhs
JeftinRtdrindouinnenaudiceiss S1duniuritlnnsonuguiangsuzeetainiudn  “IJaoududs.
vloviefiesnuariouely  “nudndsieeifunsfiuniigauiuconds Uiidsucyiedotiga nintugy
gewauci c’é’umuaﬂlnc:}em’njﬁmé‘ozmgﬁu ... 8 nmurinRenrgdaudsasuiionSneen” wuutdaiy
Wity weisanddiudacuaninidotiucfiRetiy § ancaumueej “nauguete” § “naiiie” S1me
gen9icdiusnaInacd Jao1u8udy, wageiugdinius uSuhgstriao. Suaritajnmudoutuia
HplnJGunsfuficdutwdunaieddieondsy  Ayfindemaudididuse:  Sunsfiufigrundivdiautd

cUugreduln kg Gunshungiecivtdedudintn?

tonguaIUNNUgego1N NIy,  wwucldnedul  cuutdIniucusdatudiuaolududg
(e Jorwoinnge) “Esutdicuududy” dosniuriilnluniudncnngsjEunsivioliss )20ty
RumisnrinnTaINIuEsu i NidugiemmnngsuounIunIgaIuEEN29 LU, cwucUingsdul

e

Jraecdyetyor  Gunzfuiin2ulucLURRKIUVINENIFILAcUoln  §  KUINQOEeUTARINNIY

a

ndutatingosegfiumigdaudicigestainiy, nweencuy wa: ndnuitsestagnauEoutuin

e

De-

91i79. anﬁccunnuesjwummucmm w2z JutunaudinducoutdgecnWicdiulucEugeen) X waz Y

293 (su ES-3)

ES—28


ES—28 


Sustainable Hydropower Master Plan for the Xe Kong Basin

nmuSnlitunediv  dfnondnudiey  mwtinduneneudu  mududsuniuty

Qnviise ) —>— 102990 (AT N (KT NNV 29ti1UgN

poufncdives) touugjydidels

tagnaw

A

naucden3nditiy 1. dondedfineond 2. Sudndidienseuy 3. dfindiamnga finsdly
naucdioudauesgU eznducsy Jsun1tgesga Amn
gnagInautiouScy)y Sov
N ETEARINE YA
ssiinUati Dgecwazfiu

NWSSNKUY 4. 38080010 5. azdiuch § U0 6. In?an3c1w
genontuniuioudie  Jowla JsdnfiwauciizagSou
293U, WA TG Fndigouunadseia
nefiucia, iriadiseegy oon; (fi9gInHitsnsy

Au
nucdnuts 7. SN@21UTONILY 8. nauedag, Ny 9. mwcaduguesy

297UNNIFNE1US) & (LY (€RE M Ny

o QeuUNYYeE), DI , -

(U7 (@LesSNIIN . % Jsunautmazela i
TUIACTUUL9INFU U] ot e

(t2uge29INY , (SOUTIN QU (29V.
Usegon

SU ES-3. cuwwzeinuiiuaee2uiiunsofiudifiaoud11alds13uigou tuilcuududs.

arinzgoucdaiiucduc nIestiuleeIN UMz gou2ewEucLdn. Usuditiy 9 0NN
mu;;misucﬁ'ﬂﬁu minddu Soutdaciudaorueuususntdiniudamsuatitouadotudeuty “day
n0UEVEY” zﬁ‘cﬁa:q‘cé. uUsuiiSurgdeutatifiuton cUuguIndtdaeadsor dsdgaundutdid.
SoutuihgauindnnuatuboR)d

Qicwucldingsdul  woneSatddnuenigatioeg1guatoiciuon

'
=3

cuoln Tugswiwngnivds Dy Juueg) JycalusJaungoingsnudwouis Ined1ngeRannIuce

v v

=y P x]

22110 UELITVIN IV INWE Y9 T wF19898 1000 1UR:noNtneUecctIn RNt R0,

7. mMuswonynitiyitou1sdusiAuadUSuE)

NGy ©Rz Guustnenzsjewuculingzdul cuudstiSnnzuan gUY 210 Sanauiinmsun
Soutinlugzuifn tnednriaintagnautudodue)dn sedisdniuiinnzuatudsuiiciuas wicSen
(Herduasdniududngoust asdniussncuucualn, sednwd@nitgeuotn v, uaorudwEiudia
n5UFTL wietdaeucudngedul Snnguinesiy U 210 AegrundndutasiaedSulugsainiudnga
a1t tAg1dulagnuln.

£1970n010 ceucddngedul NndidniuesuSuar Hinniun1gciuaarLeudy) clusdiuas)
(Jom1g1s K8l QN1 Meen01UsItS9) 1R JydrlvcluinorudoIniviinnzuinagiauwedgg

ngandniusgssEnns U tdTu8UIaN. WAzl cwuclinedul thstoliwwdnnivdnmzul o

ES—29


ES—29 


Sustainable Hydropower Master Plan for the Xe Kong Basin

o [x)

Stindidugunsy (iU uedngIgnelunagdeoniui@ou (53t uued ) tidizigsnainEou

9 v

'
S o

zﬁ'ﬁéuJ tnuniuds ulegfiu wedigtdinaginadufiasudo wedydisauosnorugznoncuul: 3y (S
20 0Bunstiunmgdudfivdcondsy ((Hn 11) was Snduyduedngizntiotd coudesuitdniu
Unnzmuaougudjegaiutiou Uﬁu:ﬁnﬁﬂglncwu‘tajnwzﬁ'zﬂ‘cﬁmwmtememnﬁom:mw:ﬁjmw
twilcuududs. wIndi 5 sxfivisdiguro NsofugwmniitguensdsuniuciiRiendndtdnius

MilnnsonuanoUEuds.

njuegou 5 nju Wudornutyl 4 Suduylduedn wuvtddniuge ol Tucwucllngedull. §)
tOR:en3 WicnuTunInz1y ES-2 Tusiadinty.

ES—30


ES—30 


Sustainable Hydropower Master Plan for the Xe Kong Basin
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Tier One Tier Two Tier Three Tier Four Tier Five
Solar Augmentation at Xe Kaman 1
Project Without Xeaman | XeKaman | NamAng | |0 o avam| DIKEMUE | yoion | nhrsiteB || ™™ |xeramana| | M | Nampa | NHISteC | NHISiteD |HouayPache| Phak Houay|
Frandmission lnal| With transissaon 2A B Tabeng Downstream 14243 Chalelu 1 Pouang
enhancement | line enhancement
(Lat. /Long.) 15°15.0IN | 15°1652N | 15°1346N | | 16°014786N | 15°30.80N | 15°SBBIN | 15%28.80N | | 15°1346W | 15°2083N | | 15°408373N | 14°941010N | 15°58.64N | 15°30.80N | 1S°S6.70N | 1S°S4.0LN | 15%1.50N
107°26.33E | 107°27.00E | 107°3L57E | | 107°044002E | 106°S0.84E | 107°18.84E | 106°58.94E | | 107°3157E | 107°32.15E | | 107°40B824E | 107°054225E | 106°42.60F | 106°S0.84E | 106°52.51F | 106°55.94F |107018.84¢
Pravince Aftapeu Aftapeu Sekong Sekong Sekong Xekong Aftapeu Sekong Sekong Sekong Sekong Sekong Sekong Sekong Sekong Aftapeu
River Xe Kaman Xe Kaman XeKaman | ¥eKaman | XeKaman Houay Axem | Xe Kong Xe Lon Dak E Mule XeKaman | XeKaman Xe Kaman Nam Pa e Kong Xe Kong Xe Kang e Kang Xe Xou
Estimated Power 358 ns 160 3805 183 n m 214 175 550 27 25 10 4 L} 49 ) 6
(GWhyr)
Installed capacity 200 400
(M) 3 100 4 164 76 49 40 130 0 6 2 10 9 1 13 16
Rated head
(m) 486 788 640 566 160 190 n 4335 459.1 1] 48 134 190 172 40 145
Design discharge
(m3s) 155 % 0.7 640 4 [} 1 260 184 628 143 15 9 16 14 19
Full supply level
(m) 280 n 640 566 kXl 550 0 B60 865 420 200 350 350 450 420 330
Catchment area
(k) 1970 1740 203 il 1039 7% 288 265 mn 8272 1289 186 1106 186 141 298
Mean annual flow
(ms) 75 684 10 i 4 pi] 12 10 256 B4 5.1 7 47 7 6 11
Total reservoir vol
(mil ) 0.8 33 16.5 1415
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