
Table of Contents

Table of Contents

i

Table of Contents

Table of Contents

Table of Contents i
List of Figures xiii
List of Tables xv
List of Plates xvii
Acronyms xix
Preface xxi
Project History xxi
GOL Environmental & Social Concerns xxi
Involvement of the World Bank & First Environmental Assessments xxi
Nam Theun Social & Environmental Project xxi
Development of the EAMP xxii
The Safeguard Documents xxii
Organisation of the Report  xxii
Procedure for Questions & Answers xxiii

1. Project Background 1
Brief Description 2
Project Equity 2
Need & Rationale 2
Potential Contribution to the Economy of Lao PDR 3
Lao Policy, Legal & Administrative Framework 3

National Laws 3
The Environmental Protection Law, 1999 3
The Forestry Law, 1996 4
The Water Law, 1996 4
The Electricity Law, 1997 4
Additional Decrees 4

PM Decree 164 of 1993 Relative to the Establishment of National Biodiversity Conservation Areas 4
PM Decree 193 of 2000 Relative to the Definition of Boundaries of the NNT NBCA & Corridors, Reservoir & Rese�lement Area 4
PM Decree 25 of 2001 Relative to the Establishment of the Nam Theun 2 Watershed Management & Protection Authority 5
Other Ministerial Decisions & Orders 5

GOL Resettlement Policy 5
GOL Responsibilities Under International Treaties 5

Convention on Biological Diversity 5
Convention on Climate Change 5
Convention on the Protection of the World Cultural & Natural Heritage 6
Agreement on the Cooperation for Sustainable Development of the Mekong River Basin 6
International Waterways 6
Disputed Territories 6
Other International Conventions 6

Enforcement & Implementation of the Law Relative to the Project 6

2. Project Description & Analysis of Alternatives 7
Analysis of Alternatives 8

Market for Power Exports from Lao PDR 8
Regional Market 8
Power Generation Options in Thailand 8
Power Generation Options in Lao PDR 9

Review of Lao PDR Candidate Projects 9
Comparison of Alternative Power Projects 9
Comparison of Multi-Project Scenarios for Power Export 10

Findings of the Analysis of Alternatives 10
No Project Scenario 10

Evaluation of Alternative Configurations 11



Table of Contents

EAMP Main Text

ii

Ta
bl

e 
of

 C
on

te
nt

s

Reduction in the Size of the Reservoir 11
Reducing the Effects of Discharges into the Xe Bang Fai  11
Reducing the Impacts in the Downstream Nam Theun 13

Incorporation of Lessons Learned from Other Hydropower Projects 13
Description of Project Infrastructure 13

Nakai Dam & Reservoir 13
Nakai Dam 13
Spillway 15
Outlet Conduit for Riparian Release 15
Ancillary Structures at the Nakai Dam  15
Nakai Reservoir 15
Saddle Dams 15

Flow Diversion 16
Headrace Channel 16
Intake Structures 16
Underground Works 16

Power Station 16
Power Station & Generation Units 16
SCADA System 17

Downstream Hydraulic Control & Conveyance 17
Tailrace Channel, Regulating Pond & Regulating Dam 17
Nam Kathang Release 18
Downstream Channel 18
Substations 19
Transmission Lines 19
Mekong crossing 19

Ancillary Works 22
Roads & Bridges 22
Residence Nam Theun 22
Materials Sources  24
Spoil Disposal Areas 24
Construction Work Camps 24

Project Construction, Operation & Decommissioning 24
Construction 24

Construction Schedule 24
Construction Contracts 24
Project Cost 24

Operation 25
Operation of the Nakai Dam  25
Operation of the Nakai Reservoir 25
Operation of the Power Station 25
Operation of the Regulating Pond 26

Project Decommissioning 26
Location & Study Area 26

The River Basins 26
Nam Theun Basin 26
Xe Bang Fai Basin 28

Overall Study Area 28
Zone 1: Inundation Zone 28
Zone 2: Protected Area & Corridor Areas 28
Zone 3: Proposed Resettlement Area 28
Zone 4: Nam Theun Downstream to Theun-Hinboun Headpond 29
Zone 5: Theun Hinboun Dam to Next Major Tributary 29
Zone 6: Lak Sao Road & Quarry 29
Zone 7: Power Station to Regulating Dam 29
Zone 8: Downstream Channel from Regulating Dam to Nam Phit/Xe Bang Fai Confluence 29
Zone 9: Nam Kathang  29
Zone 10: Upper Xe Bang Fai 29
Zone 11: Middle Xe Bang Fai 29
Zone 12: Lower Xe Bang Fai 29
Zone 14: Thakhek Road 29
Zone 15: Mekong River 29

Economic Analysis Environmental and Social Impacts 30
Area 1. Nam Theun downstream.  30
Area 2. Nakai - Nam Theun NPA.  30
Area 3. Nakai Reservoir.  30
Area 4. Xe Bang Fai.  32



Table of Contents

Table of Contents

iii

Table of Contents

Area 5: Mekong River.  32

Area 6: Project lands.  32

3. Assessment of Environmental Impacts 33
Global & Regional Issues 34

Greenhouse Gases 34
Mitigation 35

Global Biodiversity 35
Trans-basin Diversion of Water 35

Hydrologic Changes in the Nam Theun & Xe Bang Fai 35
Hydrologic Changes in the Mekong River 35
Effects to Operation of the Theun Hinboun Project 36
Effects of Diversion on the Xe Bang Fai 36

Cumulative Impact Assessment 36
Introduction and Scope 36
Cumulative Impacts of Anticipated Regional Development 38
Sectoral Environmental Assessment of the Hydropower Sector 38

Intact River Assessment 38
Regional Biodiversity  38

Topography, Geology & Soils 39
Baseline 39

Dam Site 39
Nakai Plateau 39

Geology 39
Potential Local Faults 39
Soils 39
Headrace Channel & Surge Sha� 41

Tailrace, Regulating Pond & Downstream Channel 41
Reaches of the Xe Bang Fai 41

Potential Impacts 41
Reservoir Induced Seismicity 41
Reservoir Water Tightness 41

Relationship Between the Reservoir & the Underlying Limestone 41
Relationship between the Reservoir & Adjoining Catchments  42

Erosion & Sedimentation 42
Reservoir Area 42

Erosion Rates 42
Loss of Storage Volume 42
Proposed Mitigation & Monitoring 43

In-Stream Degradation 43
Downstream Nam Theun 43
Downstream Channel 43
Nam Kathang 43
Xe Bang Fai  43
Proposed Mitigation, Compensation & Monitoring 45

Climate 45
Baseline 45

General 45
Rainfall 46
Relative Humidity 46
Temperature 46
Wind Speed 46
Evaporation 48

Potential Impacts 48
Air & Water Temperature 48
Wet Haze & Fog 49
Precipitation Enhancement & Evaporation 50
Downslope Winds 50
Cloud Base Changes 50

Hydrology & Water Resources 50
Baseline Hydrology 50

Upper Nam Theun Basin 51
Discharge at Ban Thalang 51
Discharge at the Nakai Dam Site 51
Extreme Discharges 52

Nam Kathang 52
Discharge 52



Table of Contents

EAMP Main Text

iv

Ta
bl

e 
of

 C
on

te
nt

s

Extreme Flows 53
Xe Bang Fai at Mahaxai 53

Discharge 53
Extreme flows 53

Mekong River 53
Long Term Trends  54

Baseline Groundwater Hydrology  54
Potential Impacts 54

Nakai Plateau 55
Nam Theun Downstream From the Dam & Nam Kading (Zones 4 & 5) 55
Regulating Pond, Downstream Channel & Gnommalat Plain 56
Hydrologic Changes in the Nam Kathang 57
Hydrologic Changes in the Xe Bang Fai 57

Upper Xe Bang Fai 57
Middle Xe Bang Fai 58
Lower Xe Bang Fai 58

Mekong River 61
Water Balance Among the Affected Rivers 61
Groundwater  61

Proposed Mitigation Measures, Enhancements & Compensation 61
Flooding 61
Water Levels 65
Enhancements 65

Riparian Release 65
The Riparian Release 66
Geographical Description 66
Sources of Baseline Data 66
Baseline 66

Demographic Baseline and Impact Zones 66
Hydrology 67

TH Spills and riparian release 67
Water Quality 67
Terrestrial 67
Community Use  68
Fisheries 68

Effort 69
Socio-economic benefits 69

Other Water Uses 75
Assets 75

Impacts 75
Hydrology 75

Spills  75
Hydraulic Parameters and Wetted Perimeter 76
River Morphology 77

Colloidal Sediment Deposition 77
Sand Deposition 77
Gravel/cobbles/boulders Deposition 77

Water Quality 77
Rapids  77
Pools 78
Supersaturation 78

Terrestrial 78
Vegetation 78
Wildlife 78
Community use of Vegetation and Wildlife 78

Fisheries  78
Biodiversity and Abundance  78

Socio - Economic Analysis 79
Fisheries 79
Aquatic Products 81
Others Uses 81
Value of the Riverine Ecosystem 81
Vulnerable Groups 82
Other non-Project Impacts 82
Impacts of Other Planned Hydroelectric Projects 82
Trade-off 82

Mitigation  83
Mitigation Against Poor Water Quality 83

Biomass Reduction 83
Engineering Works 83

Mitigation against Sedimentation 83
Mitigation Against Injury From Flash Floods 83



Table of Contents

Table of Contents

v

Table of Contents

Morphology 84
Adaptive Management 84

Compensation  84
Community Consultation 84
Monitoring  84

Intra-basin Coordination 85

Water Quality 85
Baseline Surface Water Quality 85
Nam Theun & Nam Kading 85

Dry Season  85
Wet Season  86

Xe Bang Fai, Nam Kathang & Nam Phit 86
Dry season 86
Wet Season 86

Baseline Groundwater Quality 87
Predicted Water Quality in the Nakai Reservoir & Impacts 87

Models & Assumptions 87
Results of Water Quality Modelling 87

Water Temperature  87
Dissolved Oxygen 88
Dissolved Oxygen in Other Regionally Relevant Reservoirs  88
Ammonia & Sulphide in the Nakai Reservoir & Other Regionally Relevant Reservoirs 88

Other Water Quality Factors 89
Experience from Other Hydro-Electricity Dams in Southeast Asia 89
Downstream Discharges 89
Aquatic Macrophytes 90

Predicted Water Quality Downstream from the Power Station & Impacts 90
Modelling & Assumptions 90
Results of Water Quality Analysis for the Nam Kathang & the Xe Bang Fai 90
Other Factors 91

Temperature 91
Supersaturation 91
Pesticides 91

Social Impacts of Water Quality Changes 91
Mitigation of Potential Water Quality Impacts 96
Monitoring  94

Terms of Reference for the Water Quality Monitoring & Assessment Programme 94
Aims & Objectives of the Programme 94

1. Development of the WQMAP: 94
2. Data Collection and Reporting: 94
3. Mitigation Measures and Evaluation: 94

Approach & Methodology 94
Standard Operating Procedures Manual 95
Parameters & Frequency for Surface Water  95
Parameters & Frequency for Groundwater 95
Additional Parameter Requirements 95

Pesticides & Other Synthetic Chemicals  95
Petrochemicals 95
Heavy Metals in Fish Tissue 95
Biological Monitoring 95

Surface Water Sampling Site Location 96
Groundwater Sampling Site Location 96
Outputs 96

Monthly Reports 96
Inter-Programme Cooperation 96
Reporting of Hazardous Levels 96
Water Quality Database 96

Evaluation & Monitoring 96

Aquatic Habitats & Fish Diversity 96
Fish Habitats 97

Lower Nam Theun Basin 97
Middle Nam Theun Basin 97
The Nakai Plateau 97
Headwaters of the Nam Theun Basin 98
Lower Xe Bang Fai Basin  98
Middle Xe Bang Fai Basin 98
Upper Xe Bang Fai Basin 98

Fish Diversity & Endemicity 98
Faunistic Affinities 100
Fish Populations 101

Xe Bang Fai Baseline Fisheries Resource Survey 101



Table of Contents

EAMP Main Text

vi

Ta
bl

e 
of

 C
on

te
nt

s

Migrations 102
Migration in the Nam Theun 102
Migration in the Xe Bang Fai 102

Fisheries   102
Potential Impacts on Aquatic Habitats  103

Construction Related Impacts 103
Work in the Riverbed 103
Infrastructure Construction 103
Water Pollution 104
Use of Explosives 104
Vegetation Clearing 104
Limestone Extraction in Karstic Formations 104

Operation Related Impacts 104
Reservoir Creation 104
Reservoir Water Quality 107
Water Diversion 107
Interruption of Fish Migrations & Destruction of Spawning Grounds: 108
Water Pollution 109
Potential Impacts by River Sector 109
Potential Impacts on Fisheries 110
Aquaculture Activity 110

Terrestrial Biodiversity 110
Baseline 110

Units of Biodiversity & Zoogeography 110
Primary Habitat Elements 113
Habitat Affinities of Wildlife 113

Reservoir Area 114
Nam Theun Downstream from the Nakai Dam 114

Dividing Hills 115
Resettlement Area 115
Wetlands 116
Dynamics of Habitat on the Nakai Plateau 116
Potential Impacts 117
Nakai Dam & the Downstream Nam Theun 117
Nakai Reservoir 118
Regulating Pond & Downstream Channel 118
Xe Bang Fai 119

Threatened Species 119
Baseline Conditions 119

TheWhite-Winged Duck 120
The Elephant Population 120

Potential Impacts 121
Natural Habitats Accounting and Adequacy of Offsets 121

Natural Habitats of High Conservation Significance 121
Current Threats 122

Logging 122
Commercial Extraction of Wildlife & Non-Timber Forest Products 122
Unsustainable Agricultural Practice 122
On-going Land Development Activities on the Plateau 122

Project Impacts 122
Accounting for Degradation & Conversion 122

Reservoir 123
Fragmentation 123

Construction 124
Buffer Zones 125

Significance of Natural Habitats to be Degraded or Converted 125
National Level of Significance 125
Sub-National Level of Significance 125

Importance of Natural Habitat Degradation to Species 126
Inundated Areas & Wildlife Movements 127
White-winged Duck 127
Elephants 127

Creation of Habitats 127
Area to be Protected by the Project 127

Adequacy of Offsets 128
Conclusion 129

Mitigation Measures & Enhancements 130
Monitoring for Wildlife 130

Minimisation of Impacts During Construction 130
Minimisation of Impacts During Impoundment 130
Management of Key Wildlife Species 131
Management of Key Wildlife Species 131
Compensatory Forestry 132



Table of Contents

Table of Contents

vii

Table of Contents

Impacts Associated with Construction 132
General Impacts Generated by all Construction Activities 132

Water Quality 132
Sources & Types of Impacts 132
Mitigation 133

Air Quality 133
Source & Types of Impacts 133
Mitigation 133

Noise 133
Source & Types of Impacts 133
Mitigation 133

Impacts Associated with Specific Construction Activities 134
Construction of the Nakai Dam 134

Areas to be Cleared 134
Impacts of Clearing 134
Mitigation of Clearing 134
Diversion of Water 134
Impacts of Cofferdam & Diversion Tunnel Construction 134
Mitigation of Cofferdam Construction 134

Quarries 134
Source of Impact 134
Type of Impacts 135
Mitigation 135

Spoil Disposal Areas 135
Impacts 135
Mitigation 135

Work Camps, Work Areas & Labour Force 135
Impacts 135
Mitigation 135

Construction of the Headrace Channel & Upper Tunnel 135
Impacts 135
Mitigation 136

Construction of the Power Station, Lower Portion of Tunnel & Substations 136
Impacts 136
Mitigation 136

Construction of the Downstream Channel 136
Impacts 136
Mitigation 136

Spoil Disposal Sites 136
Other Impacts Associated with Construction Activities & Project Developments 137

Initial Filling of the Reservoir 137
Filing Sequence 137
Impacts 137
Mitigation 137

Roadways 138
Description of Roadworks 138
Design & Construction Requirements 138
Environment Crossed by the Road Works 138
Potential Impacts 139
Mitigation 140

Transmission Lines 140
Existing Environment 144
Potential Environmental Impacts: 144
Mitigation & Monitoring 147

Resettlement Sites 147
Description 147
Existing Environment 148
Potential Environmental Impacts 149
Mitigation & Monitoring 150

Physical Cultural Resources 150
Surveys and Studies 150
Baseline 150

Prehistoric Sites 151
Historic Sites 151
Spirit Sites 153
Religious Sites 153
Cemeteries 153
Other Cultural Sites 153
Palaeontologic Sites 153

Impacts 153
Construction 153
Operation 153

Mitigation and Management 153
PCR Plan 153

Pest Management Plan 155



Table of Contents

EAMP Main Text

viii

Ta
bl

e 
of

 C
on

te
nt

s

Agriculture 155
Baseline 155
Impacts 155
Mitigation 155

Public Health 156
Baseline 156
Impacts 157
Mitigation 157

Construction 157
Baseline 157
Impacts 157
Mitigation 157

4. Assessment of Social Issues 159
Nakai – Nam Theun NBCA 160

Baseline 160
People & Population 160
Livelihoods & Income 160
Infrastructure 160
Education 160
Public Health 160

Impacts 160
Mitigation & Management 160

Livelihood Options & Community Development 160
Activity Framework 161

Forest & Land Use Planning, Allocation & Management 161
Participatory Protected Area Management 161
Livelihood Development for Conservation 161

Nakai Plateau & Downstream of the Nakai Dam 161
Baseline 161

People & Population 161
Livelihoods & Income 161

Agricultural Production 161
Fish 161
Livestock & Poultry 162
Non-Timber Forest Products 162

Income 162
Infrastructure 162
Education 162
Public Health 162
Nam Theun Downstream of the Nakai Dam 163

Impacts 163
Nakai Plateau 163
Nam Theun Below the Nakai Dam 163

Mitigation & Management 163
Reduction of Resettlement 163
Resettlement Action Plan 164

Rese�lement Sites 164
Infrastructure 164
Livelihood Options 164
Pilot Village 165
Rese�lers Health Plan 165

Downstream of the Nakai Dam 165
Xe Bang Fai 165

Baseline 165
People & Population 165
Livelihoods 165

Agricultural Production 165
Livestock & Animal Husbandry 166
Fisheries & Aquaculture  166

Income 166
Infrastructure 166
Education  166
Public Health 166

Infectious Diseases  166
Reproductive Health 166
Nutritional Status 166

Impacts 167
Domestic Water Supply 167
Fisheries 167
Erosion 167



Table of Contents

Table of Contents

ix

Table of Contents

Riverbank Gardens 167
Access 167
Construction Workers 167

Mitigation, Management & Monitoring 167
Xe Bang Fai Strategy 167

Domestic Water Supply 167
Fisheries 167
Erosion 167
Riverbank Gardens 168
Access 168

Regional Health Programme 168
Nam Kathang 168

Baseline 168
Impacts 168
Mitigation 168

Project Lands 168
Baseline 168
Impacts 168
Mitigation & Management 168

Monitoring 169
Internal Monitoring 169
External Monitoring 169
Grievance Procedure 169

Enhancement of Capacity  169

5. Public Consultation & Disclosure 171
World Bank & World Commission on Dams Policies 172
The Stakeholders 172
Public Consultation & Disclosure Process 172

Three Phase Process 172
Phase 1: Information Collection & Dissemination 172
Phase 2: Consultation with Stakeholders 172
Phase 3: Active Involvement in Project Design & Implementation 172

Methodology 173
The Approach 173
Use of Suitable Techniques 173
Language Issues 173
Gender Issues 175

Consultation & Participation Activities 175
Media Relations 175
Summary of PCD Activities from July 2002 - March 2005 175

Symposium “Nam Theun 2 – Window to the Future” 176
Site Visits 176
Follow-up Actions 176

The PCD Process Since the Advanced Draft of the EAMP to Apprasial 177
Main Stages of Information Dissemination, Consultation & Disclosure 177
Main Stakeholders in Future Consultation & Disclosure 177
Information Dissemination to the General Public 177

Information Centres 178
Mass Media 178
Translation 178

Local Consultation Events 178
Consultations & Disclosure for Nakai Plateau Resettlers 178
Consultations & Disclosure for Xe Bang Fai Riparian Villages 178
PAP Consultations & Disclosure: Project Lands 178
International Stakeholder Workshops 178

Public Disclosure 180
Environmental Assessment & Management Plan 180
Alternatives & Economic Impact Studies 180
Public Availability of Reports 180
Public Disclosure on Project Approval 180

Stakeholder Input into Project Design 180
Issues Raised by Independent Reviewers & Project Responses 180
Influence of Consultations on Project Planning 180



Table of Contents

EAMP Main Text

x

Ta
bl

e 
of

 C
on

te
nt

s

Influence of Consultations on Resettlement Issues 182
Influence of Consultations of the PCD Process 182

Institutional Arrangements for PCD Process 182

6. Environmental Management Plan 185
Key Organisations in the Environmental Management of the Project 186

NTPC Environmental Management Office 186
The Head Contractor 186

The HCC Environmental Management and Monitoring Plan 187
HC Monitoring and Auditing 187

GOL Organisations 188
National Environmental Committee 189
The Science, Technology & Environment Agency 189
The Environmental Management Unit 189

Overall organisation 191
Environmental management tasks outside of the Watershed 191
Responsibilities and key tasks 191
Staffing arrangements and location of offices 191

The Watershed Management & Protection Authority 191
Management of Impacts 192

Mitigation Measures to be implemented by NTPC 192
Water Quality Monitory & Assessment Programme 192
Riparian Release to Downstream of the Nam Theun 192
Aeration of Water in the Downstream Channel and the Nam Kathang 192
Downstream Channel In-Stream Degradation 192
Protecting Downstream Channel Fisheries 192
Prevention of Increased Flooding at Mahaxai 193
Degradation of the Xe Bang Fai River Channel 193
Wildlife Management and Protection Programme 193

1 - Fish impacts in upstream and downstream rivers 193
2 - Terrestrial animals in the inundation area 193
3 - Asian Elephant programme 194
4 – Development of a transitional strategy for reservoir impoundment. 194
5 – Wetland conversion and formation. 194

Funding Support for the Implementing Agencies in the Pre-Operating Phase 194
A: EMU Technical Assistance Programme 194
B: Contribution to EMU Operational Budget 195
C: EMU Capacity Building at the Local Level 195
D: EMU Training 195

Control of Synthetic Chemical Use for Pest Management & Other Purposes 195
Compensatory Forestry Programme 195

Mitigation Measures to be Implemented by the Head Contractor 195
Erosion and Sediment Control 195
Spoil Disposal 195
Quarries 198
Water Quality Monitoring (HC) 198
Chemical Waste & Control of Spills 198
Emergency Plan for Hazardous Materials 198
Air Quality 198
Noise Management 198
Physical Cultural Resources 198
Vegetation Clearing (HC) 199
Waste Management 199
Environmental Training 199
Traffic and Access 199
Explosive Ordnance Survey and Disposal 199
Construction Work Camps 199
Project Staff Health Programme 200
Transmission Lines 200
Roads 200

Mitigation Measures to be Implemented by GOL Organisations 200
Water Quality Improvements by Reduction of Biomass in the Nakai Reservoir Area 200
Control & Enforcement – Access & Hunting 200
Public Education Concerning Environmental Issues 200
Minimisation of environmental impacts at resettlement sites 200
Restriction of Shifting Cultivation 200
Transmission Lines 201

Implementation of Mitigation Measures 201
Provisions of the Concession Agreement 201



Table of Contents

Table of Contents

xi

Table of Contents

Funding & Responsibilities for Implementing the Environmental Management Plan 201
Contingencies 201
Limited by Cost Objectives 201
Limited by Scope Objectives 202
Non-compliance Procedures 202
Unanticipated Project Impacts 202

Monitoring 202
Internal Monitoring by the EMO 202
Internal monitoring by the EMU 204
Independent Monitoring 204
Panel of Experts 204
Environmental grievance procedures 204

Adaptive Management 204
Adaptive Management Approach 205

Wildlife Programme: 205
Riparian Release Downstream of Nam Theun: 205
Water Release in Nam Kathang 206
Management of Release from Regulating Pond (to Downstream Channel). 206

7. Conclusion 210
Project Environment, Impacts & Mitigation 210
Social Environment, Impacts & Mitigation 210
Benefits & Rationale  211



Table of Contents

EAMP Main Text

xii

Ta
bl

e 
of

 C
on

te
nt

s



Table of Contents

Table of Contents

xiii

Table of Contents

List of Figures

Figure 1.1: Location of the proposed Nam Theun 2 Hydroelectric Project 2
Figure 1.2: Parties to the Project 3
Figure 2.1: Past and projected electricity demand within the Greater Mekong Sub-Region 8
Figure 2.2: Comparison of key parameters for selected Nam Theun 2 alternatives 10
Figure 2.3: Nam Theun 2 Project schematic diagram 11
Figure 2.4: Dam and spillway cross-section 13
Figure 2.5: Dam and spillway site 13
Figure 2.6: Principle Project features 14
Figure 2.7: Underground works  15
Figure 2.8: Cross-section through the Power Station 15
Figure 2.9: Regulating Dam 16
Figure 2.10: Downstream channel 17
Figure 2.11: Nam Gnom siphon 18
Figure 2.12: Confluence with Xe Bang Fai 18
Figure 2.13: Aeration weir 18
Figure 2.14: 115 kV Transmission Line schematic 19
Figure 2.15: Ban Itak crossing 19
Figure 2.16: Road construction and improvements 20
Figure 2.17: Location of quarries and spoil disposal areas 21
Figure 2.18: Location of construction work camps and work areas 23
Figure 2.19: Nakai Reservoir operation simulation 24
Figure 2.20: Regulating Pond volume (million m3) for a 50% secondary energy production scenario 25
Figure 2.21: Discharge (m3/s) from the Power Station & Regulating Dam for a 50% secondary energy production scenario 25
Figure 2.22: Nam Theun 2 catchment area & Xe Bang Fai basin 26
Figure 2.23: Location & study area 27
Figure 3.1: Comparison of cumulated greenhouse gas emissions 34
Figure 3.2: NBCAs and corridor areas 35
Figure 3.3: Regional geology 40
Figure 3.4: Location of cross-sectional survey sites on the Xe Bang Fai (water level recorded December 2002) 44
Figure 3.5: Recorded Ban Thalang rainfall data 46
Figure 3.6: Location of meteorological stations in the Nam Theun & Xe Bang Fai regions and seasonal rainfall variability 47
Figure 3.7: Average relative humidity 48
Figure 3.8: Seasonal temperature variability 49
Figure 3.9: Average Class A pan evaporation 49
Figure 3.10: Relative difference between air and water temperature 50
Figure 3.11: General ciculation model 50
Figure 3.12: Map of catchment areas 51
Figure 3.13: Average discharge at Ban Thalang 51
Figure 3.14: Recorded and extended monthly flows for Ban Thalang 51
Figure 3.15: Mean monthly discharge at the Nakai Dam (extended series) 52
Figure 3.16: Annual flow volumes at the Nakai Dam site 52
Figure 3.17: Monthly discharges in the Nam Kathang at the regulating dam 53
Figure 3.18: Mean, minimum and maximum discharges of the Xe Bang Fai at Mahaxai 53
Figure 3.19: Discharge in the Mekong at Nakhon Phanom 54
Figure 3.20: Discharge in the Mekong at Mukdahan 54
Figure 3.21: Nakai reservoir levels 55
Figure 3.22: Monthly discharge in the Nam Phao (only mean values available from June – September) 56
Figure 3.23: Regulating Pond inflow and discharge when generating 50% secondary energy 56
Figure 3.24: Discharge rate of Regulating Pond for different secondary energy levels. 57
Figure 3.25: Water height in the Xe Bang Fai (Mahaxai) Pre & Post Nam Theun 2. 58
Figure 3.26: Maximum flood depths in the lower Xe Bang Fai for the 2.6 year ARI Even in Mahaxai (pre-Project) 59
Figure 3.27: Impact of Powerhouse Discharge of 315 cumecs on Flood Extents in Lower Xe Bang Fai for 2.6yr ARI event in Mahaxai 60
Figure 3.28:  Water Balance monitoring points, showing pre-NT2 operation flow levels and predicted NT2 Power Station discharge 62
Figure 3.29:  Water Balance modelling pre- (Top) & post- (Bottom) NT2 operation total yearly flow 63
Figure 3.30:  Water Balance modelling pre- (Top) & post- (Bottom) NT2 operation mean yearly flow 63
Figure 3.31:  Water Balance modelling pre- (Top) & post- (Bottom) NT2 operation dry season (April) monthly flow 64
Figure 3.32:  Water Balance modelling pre- (Top) & post- (Bottom) NT2 operation wet season (August) monthly flow 64
Figure 3.33:  Zones of the Nam Theun / Nam Kading and sites of surveyed sections 67
Figure 3.34:  Villages surveyed for riparian study 69
Figure 3.35:  Distribution of fishing effort Ban Oudom 70
Figure 3.36:  Annual fisheries production in Ban Oudom 70
Figure 3.37:  Mean annual fisheries production Ban Oudom 71



Table of Contents

EAMP Main Text

xiv

Ta
bl

e 
of

 C
on

te
nt

s

Figure 3.38: Proportion of catch utilised for HH subsistance 73
Figure 3.39: Distribution of spawning activity - Nam Theun and tributaries 75
Figure 3.40: Distribution of  fish species in monthly catches 76
Figure 3.41: Predicted temporal and spatial variations in temperature (top) and dissolved oxygen (bottom) in the Nakai Reservoir 88
Figure 3.42: Results of water quality measurement in the Nam Kathang and Xe Bang Fai 91
Figure 3.43: Predicted evolution of dissolved oxygen in the Nam Kathang for both the CWR and Petit Saut for the month of April 92
Figure 3.44: The evolution of dissolved oxygen in the Xe Bang Fai for various CWR and Petit Saut scenarios 93
Figure 3.45: Predicted evolution of dissolved oxygen in the Xe Bang Fai for both the CWR and the Petit Saut for the month of April 93
Figure 3.46: Section showing water level drawdown over long section from Intake to Dam Site 94
Figure 3.47: Water quality sampling sites proposed for surface water 96
Figure 3.48: Fish distribution survey sampling site locations (Project Area & Surrounds) 97
Figure 3.49: Catchment area of additional fish distribution surveys (Houapahn & Xieng Khouang Provinces, Lao PDR) 100
Figure 3.50: Catchment area of additional fish distribution surveys (Savannakhet Province, Lao PDR) 100
Figure 3.51: Fisheries monitoring sites. 102
Figure 3.52: Forest types & land use within the Project area 112
Figure 3.53: Historical clearing on the Nakai Plateau, 1973-2003. 117
Figure 3.54: Percentage change in land cover over time 118
Figure 3.55: Percentage of area cleared (1973-2003) 118
Figure 3.56: Downstream channel alignment and habitat/land use types 119
Figure 3.57: Habitat areas impacted within the NNT-PHP Corridor. 127
Figure 3.58: Regional Protected Areas. 128
Figure 3.59: Historical clearing 1973-present. 129
Figure 3.60: Area to be cleared for construction of the Nakai Dam 134
Figure 3.61: Reservoir filling 138
Figure 3.62: Alignment of roads to be upgraded and new roads showing estimated loss of vegetation 141
Figure 3.63: Alignment of the 115 kV & 500 kV Transmission Lines 143
Figure 3.64: Alignment of 115 kV & 500 kV Transmission Lines showing estimated loss of vegetation 145
Figure 3.65: Category 1 & 2 potential area to be cleared for the 500 & 115 kV line 146
Figure 3.66: Category 2 potential area to be cleared for the 500 kV line 146
Figure 3.67: Electric fields double-circuit 500 kV Transmission Line 147
Figure 3.68: Electric fields double-circuit 115 kV Transmission Line 147
Figure 3.69: Magnetic field profile across the easement for 500 kV Transmission Line, based on a load current of 2000 A 148
Figure 3.70: Magnetic field profile across the easement for 115 kV Transmission Line, based on a load current of 645 A. 148
Figure 3.71: Vegetation types within and adjacent to proposed resettlement area, with village locations and resettlement sites 149
Figure 3.72: Plateau PCR Sites 153
Figure 6.1: Key organizations 186
Figure 6.2: HCC EMMP structure 187
Figure 6.3: EMU overall organisation 188



Table of Contents

Table of Contents

xv

Table of Contents

List of Tables

Table 2.1: Summary of ranking of hydropower projects for export  9
Table 2.2: Technical data for selected Nam Theun 2 alternatives 10
Table 2.3: Lessons Learnt from other projects 12
Table 2.4: Turbine technical data 16
Table 2.5: Tentative schedule for Project construction 22
Table 2.6: Summary of economic analysis of the environmental and social impacts by the World Bank 30
Table 3.1: Comparison of generation per area flooded of several hydropower projects 34
Table 3.2: Cumulative Impacts of Anticipated Regional Developments Including Nam Theun 2 Project 37
Table 3.2 (cont.): Cumulative Impacts of Anticipated Regional Developments Including Nam Theun 2 Project 38
Table 3.3: Potential erosion rates 42
Table 3.4: Loss of storage volume (million m3) 42
Table 3.5: Sedimentation distribution in the Nakai Reservoir 42
Table 3.6: Predicted Width Increase in the Xe Bang Fai with Regime and Tractive Force Approaches 45
Table 3.7: Mean monthly rainfall at representative stations with years of operation in parentheses (units: mm) 46
Table 3.8: Highest recorded rainfall in the Nam Theun region 46
Table 3.9: Mean relative humidity (%) 48
Table 3.10: Temperature at Nakai Tai (˚C) 48
Table 3.11: Temperature at Nakon Phanom (˚C) 48
Table 3.12: Class A pan evaporation data (mm) 49
Table 3.13: Open water evaporation (mm) 49
Table 3.14: Temperature variations 50
Table 3.15: Catchment areas 51
Table 3.16: Flood frequencies estimates for the Nam Theun at the Nakai Dam site 52
Table 3.17: Nakai Dam site probable maximum flood estimates 52
Table 3.18: Results of regional flood frequency analysis of the Xe Bang Fai at Mahaxai 53
Table 3.19: Flood frequency estimates for the Mekong River 54
Table 3.20: Indicative minimum and maximum Regulating Dam discharges for a percentage of secondary energy generated. 57
Table 3.21: Water level increases in the Xe Bang Fai at Mahaxai 58
Table 3.22: Effect of Riparian Release on Flow Rates Downstream of the Confluence with the Nam Phao 66
Table 3.23: Nam Theun/Nam Kading present flow (m3/s) 68
Table 3.24: Summary of community use of riparian resources 69
Table 3.25: Surveyed population and resource utilisation 70
Table 3.26: Ranked Importance of Waterbodies  70
Table 3.27: Mean % of fishers and mean annual fish catch from each waterbody by village zone 71
Table 3.28: Percentage of fish catch and aquatic products consumed and sold, by village zone  72
Table 3.29: Mean % of fishers and mean annual aquatic products catch from each waterbody by village zone 73
Table 3.30: Contribution of fish and aquatic products to HH  income 73
Table 3.31: Other uses of the Nam Theun (dashed (-): do not use; cross (x): use) 74
Table 3.32: Comparison of present and future average dry and wet season flows 75
Table 3.33: Example of Wetted Perimeter Analysis at IFR S1 75
Table 3.34: Summary of wetted perimeter analysis for 2m3/s Riparian Release 76
Table 3.35: Future flood event occurrence in the Nam Theun and Nam Kading 76
Table 3.36: River channel hydraulic parameters for the future average minimum flows 77
Table 3.37: Comparison of present and future flood peaks 77
Table 3.38: Comparison of present and future MARs (1986-2003) 77
Table 3.39: Fish species potentially vulnerable to low flows (KBR, 2004) 79
Table 3.40: Estimated value of fisheries loss for the riparian release of 2 m3/s 80
Table 3.41: Estimated value of aquatic products loss for the riparian release of 2 m3/s 82
Table 3.42: Summary of wetted perimeter analysis for the trade-off 83
Table 3.43: Impacts on Fisheries Production for different riparian releases 84
Table 3.44: Trade-off analysis of different riparian release regimes 84
Table 3.45: Summary of water quality in the Nam Theun, Nam Kathang and Xe Bang Fai during 2001 (Hydreco 2001a and b) 86
Table 3.46: Proposed suite of parameters for surface water monitoring 95
Table 3.47: Suite of parameters proposed for groundwater monitoring 95
Table 3.48: Lao PDR water quality targets for rural drinking water 97
Table 3.49: Fish standing stock per habitat in the Nam Kading/Nam Theun basin 102
Table 3.50: Fish species of the Nam Theun basin, their known or guessed adaptability to reservoir conditions and distribution 106
Table 3.51: Main potential Impacts by river sector 109
Table 3.52: Wildlife species of global and national conservation significance in the NNT NBCA and on the Nakai Plateau 111
Table 3.53: Occurence and account of loss of habitats in the Project area 112
Table 3.54: Key bird species recorded from flowing and non-flowing wetlands on the Nakai Plateau. 115
Table 3.55: Key mammal species recorded from flowing and non-flowing wetlands on the Nakai Plateau. 115



Table of Contents

EAMP Main Text

xvi

Ta
bl

e 
of

 C
on

te
nt

s

Table 3.56: Habitat types of the Nam Theun Gorge 116
Table 3.57: Habitat types for the dividing hills 116
Table 3.58: Summary of thematic habitats found in the Project Footprint (based on FIPD, 2002)  122
Table 3.59: Thematic habitat types ranked by area to be affected by the Project 123
Table 3.60: Extent of natural habitats & disturbed habitats within & outside of the inundation area 123
Table 3.61: Fragmentation of habitats caused by the Project 124
Table 3.62: Degradation of natural habitats in Transmission Line Easements 125
Table 3.63: Habitat occurrence and degradation for Bolikhamxay, Khammouane and Savannaket Provinces 126
Table 3.64: Adequacy of the NNT NBCA as an offset for Project impacts (ha) 129
Table 3.65: Sub-plans of the HCCEMMP for implementing protection and mitigation measures 133
Table 3.66: Potential sources of spoil and disposal sites 136
Table 3.67: Dates of water level meeting target levels for each calendar month 137
Table 3.68: Design criteria for roads 139
Table 3.79: Impacts and mitigation strategies for road construction and upgrading 142
Table 3.70: Limits of Exposure to Electric and Magnetic Fields 148
Table 3.71: Impacts and mitigation strategies for the Transmission Lines 148
Table 3.72: Vegetation within the proposed resettlement area 150
Table 3.73: Impacts and mitigation environmental protection at the resettlement sites  151
Table 3.74: General mitigation measures of the PCR Plan. 155
Table 3.75: Active ingedients not acceptable to NTPC 156
Table 4.1: Resettlers preferences considered in the selection of prospective resettlement sites. 163
Table 5.1:  Project stakeholders 172
Table 5.2: Stakeholders, their interests and involvement in the consultation and disclosure process (source: SDP, April 2004) 173
Table 5.3: Consultative mechanism used with key stakeholders 174
Table 5.4: Media relations since August 2000 175
Table 5.5: Schedule for consultation and disclosure of the EAMP. 176
Table 5.6: Summary of disclosure plan for the EAMP  177
Table 5.7: Sections of the EAMP to be translated into Lao 177
Table 5.8: Concerns and issues raised during the 2004 International Workshops (non exhaustive). 179
Table 5.9: Disclosure of past and future drafts of the EAMP 180
Table 5.10: Stakeholders concerns and influence on Project planning 181
Table 5.11 Review of PCPP by Franklin (1997) 182
Table 6.1: Environmental management tasks to be undertaken 189
Table 6.2: Key tasks and responsibilities of EMU teams 190
Table 6.3: Wildlife programme schedule 196
Table 6.4: Mitigation Budget 202
Table 6.5: Implementation responsibilities and cost of mitigation 203



Table of Contents

Table of Contents

xvii

Table of Contents

List of Plates

Plate 1:  Section Site S1, showing both pool and Rapid habitats 67
Plate 2:  Section Site S2/3, showing both pool and Rapid habitats 67
Plate 3:  Section Site S4, showing both pool and rapid habitats 68
Plate 4:  Section Site S5, showing both pool and rapid habitats 68
Plate 5: Rapids on the lower Nam Theun near Ban Katok (Kottelat) 97
Plate 6: Waterfall and rapids in the middle Nam Theun, upstream of the confluence with the Nam Phao (Kottelat) 98
Plate 7: Sandbar at the confluence with the Nam Phao (Kottelat) 98
Plate 8: Nam Theun upstream of Ban Thalang, on the Nakai Plateau(Kottelat) 98
Plate 9: Swamps on the Nakai Plateau, east of Ban Boua Kham (Kottelat) 98
Plate 10: Waterfall in the headwaters of the Nam Theun (Kottelat) 99
Plate 11: Rocky Stream in the headwaters of the Nam Theun (Kottelat) 99
Plate 12: Rapids in the headwaters of the Nam Theun (Kottelat) 99
Plate 13: The lower Xe Bang Fai, near its mouth (Kottelat) 99
Plate 14: Middle Xe Bang Fai – exit of the underground course (Kottelat) 100
Plate 15: Upper Xe Bang Fai near Phou Taloun (Kottelat) 100
Plate 16: Luciocyprinus striolatus Cui & Cui, 1986. Found in the Lower Nam Theun. 101
Plate 17: Scaphognathops theunensis Kottelat, 1998. Found in the Lower and Middle Nam Theun, and on the Plateau. 101
Plate 18: Juvenile and adult Tor ater Roberts, 1999. Found in the Upper Nam Theun. 101
Plate 19: Nam Theun downstream of the dam showing mixed deciduous/dry evergreen forest 113
Plate 20: Nam Theun near Ban Thalang showing riverine/ bamboo forest 113
Plate 21: Grassland typical of the Nakai Plateau 113
Plate 22: Wetlands on the Nakai Plateau 114
Plate 23: Agricultural land on the Nakai Plateau 114
Plate 24: Degraded forest area on the Nakai Plateau 114
Plate 25: Archaeological site AS-2, Pha Phen 152
Plate 26:  Historical site HS-6, Kouan Ku 152
Plate 27: Spirit site, Phi Meuang 154
Plate 28: Religeous site, TS-6, an abandoned temple 154
Plate 29:  Cemetery site C-34 154
Plate 30: Cultural site CS-24, Tham Phra 154
Plate 31: Nam Theun between the Nakai Dam site and the confluence with the Nam Phao 162
Plate 32: Nam Theun between the Nam Phao and Nam Gnouang 163
Plate 33: General layout of the Pilot Village showing house locations, farm plots and the irrigation reservoir. 164
Plate 34: A comparison of Pilot Village housing with the current standard on the Nakai Plateau 164



Table of Contents

EAMP Main Text

xviii

Ta
bl

e 
of

 C
on

te
nt

s



Acronyms

xix

Acronym
s

Acronyms

ADB Asian Development Bank
AIT Asian Institute of Technology
ASEAN Association of Southeast Asian Nations
BOOT Build-own-operate-transfer
CA Concession Agreement
CBD Convention on Biological Diversity
CEC Continuing Education Centre (of AIT)
CPUE Catch per Unit Effort
CITES Convention on International Trade in Endangered Species
CWR Centre for Water Research (University of Western Australia)
DANIDA Danish International Development Agency
DSPOE Dam Safety Panel of Experts
DSRP Dam Safety Review Panel 
EAMP Environmental Assessment and Management Plan
EDF Electricité de France
EDL Electricité du Laos
EGAT Electricity Generating Authority of Thailand
EGCO Electricity Generating Public Company Limited
EIA Environmental Impact Assessment
El Elevation above sea level in metres
EMDP Ethnic Minorities Development Plan
EMO Environmental Management Office (of NTPC)
EMU Environmental Management Unit (of STEA)
EPL Environmental Protection Law
ESMP Environmental and Social Management Plan
FAO Food and Agricultural Organisation
FINNIDA Finnish Department for International Development Cooperation
FSL Full Supply Level
GHG Greenhouse gases
GNI Gross national income
GNP Gross national product
GMS Greater Mekong Sub-Region
GOL Government of Lao PDR
GTZ German Technical Cooperation
HC Head Contractor
HCC Head Construction Contract
HCCEMMP Head Construction Contractor’s Environmental Management and Monitoring Plan
IAG International Advisory Group
IDA International Development Association
IPP Independent power project/producer
ITCZ Inter tropical Convergence Zone
ITD Italian-Thai Development Public Company Limited
IUCN International Union for Conservation of Nature
JICA Japanese International Cooperation Agency
Lao PDR Lao People’s Democratic Republic
LWU Lao Women’s Union



EAMP Main Text

xx

Ac
ro

ny
m

s

MAF Ministry of Agriculture and Forestry
MEC Malaysian Environmental Consultants
MESAS Multinational Environmental & Social Assessment Services
MIC Ministry of Information and Culture
MIH Ministry of Industry and Handicra�s
MOSES Multi-Objective Scenario Evaluation System
MOL Minimum Operating Level
MOU Memorandum of Understanding
MW Megawa�
MWL Maximum Water Level
MRC Mekong River Commission
NBCA National Biodiversity Conservation Area
NCC National Control Centre (of EGAT)
NEAP National Environmental Action Plan
NGO Non-governmental organisation
NNT NBCA Nakai-Nam Theun NBCA
NTEC Nam Theun 2 Electricity Consortium
NTFP Non-timber Forest Product
NTPC Nam Theun Power Company Limited
NTSEP Nam Theun Social and Environmental Project
NTU Nephrometric Turbidity Units
PAP Project Affected Person
PCB Polychlorinated Biphenyls
PCPP Public Consultation & Participation Process
PCD Public Consultation & Disclosure
PCRS Physical Cultural Resources Survey
PIC Project Information Centre
PMF Probable maximum flood
POE Panel of Experts
PMF Probable Maximum Flood
PMP Probable Maximum Precipitation
PPA Power Purchase Agreement
QA International Standards Quality Assurance
RAP Rese�lement Action Plan
RMU Rese�lement Management Unit
SCADA Supervisory Control and Data Acquisition
SCOD Scheduled Commercial Operation Date
SDP Social Development Plan
SEMFOP Social and Environmental Management Framework and Operation Plan
SKM Sinclair Knight Merz
SMEC Snowy Mountain Engineering Corporation
STEA Science, Technology and Environment Agency
TEAM Team Consulting Engineering and Management Co Ltd
THPC Theun Hinboun Power Company
UNDP United Nations Development Programme
UNICEF United Nations Children’s Fund
USAID United States Agency for International Development
WCS Wildlife Conservation Society
WHO World Health Organisation
WMPA Watershed Management and Protection Authority
WWF World Wildlife Fund


