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EXECUTIVE SUMMARY 

The Mekong River possesses a huge hydropower potential both in its main stream and 

tributaries. A large part of this potential is in Lao territory due to country’s favorable 

climatic and geographical conditions.  

For development on the Mekong mainstream in Lao territory, the Government of Lao 

People’s Democratic Republic (GOL) previously signed a Memorandums of 

Understanding (MOUs) with developers to study and implement hydropower projects 

at the Mekong Mainstream.  The Luang Prabang Power Company Limited (“LPCL”) is 

the “Project Company” which has been set up in the Lao PDR to undertake the project 

development of Luang Prabang Hydroelectric Power Project (“LP HPP”) under the 

Memorandum of Understanding granted by the Government of the Lao PDR to 

PetroVietnam Power Corporation in October 2007, which has later been assigned to 

LPCL upon formation of LPCL.  Allowing it to conduct surveys, investigations, and a 

full Feasibility Study (FS) for the development of the Luang Prabang hydropower 

project.  

The Mekong River Commission prepared Design Guidance for Hydropower Project 

developed in the Lower Mekong Basin. The Preliminary Design Guidance became 

effective in 2009. In the meantime MRC is developing a revised Design Guidance. Both 

the in force Design Guidance and the new revision which has been published as a draft 

in 2018, have been considered in the design of the Luang Prabang Hydropower Project. 

Both provide an overview and define the issues the MRC will be considering during the 

prior consultation process according to the PNPCA rules set out by the MRC. The 

design of the Luang Prabang HPP project complies with both versions. 

The Luang Prabang HPP is located approx. 25 km upstream of Luang Prabang at 

kilometre 2036. It is a barrage type hydroelectric run-of-river scheme which comprises: 

 Powerhouse equipped with 7 Kaplan turbine/generator sets (200 MW each). The 

total installed capacity for the main units is 1,400 MW, and the maximum gross 

head is 36.80 m 

 Auxiliary units using water from fish attraction flow for the upstream and 

downstream migration facilities (approx. 180 m3/s), totaling to a maximum of 

60 MW capacity 

 Spillway structure with six (6) radial surface gates (19 m x 25 m, sill level 288.0 m). 

Three (3) low level outlets (12 m x 16 m, sill level 275.0 m asl) 

 Two-step Navigation lock system for 2x500 DWT vessels 

 Fish pass system for up- and downstream migration 

 A left bank Closing Structure formed by an approx. 50 m high RCC concrete gravity 

dam, in total 281.23 m long.  

 500 kV transmission line with intermediate substation to Vietnam with an 

approximate length of 400 km to the Vietnamese border and 200 km to the next 

suitable substation. Alternatively to Thailand with an approximate length 250 to 

300 km. 

The Luang Prabang HPP is planned to be developed from the right river bank, where 

space is available for the installation and construction of the main structures. The 

Navigation Lock will be located at the right river bank allowing vessels and ships a safe 

approach and passage. The Spillway is located between the Navigation Lock and the 
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Powerhouse and comprises two blocks, one block with four (4) Surface Spillway bays, 

and the second block with the three (3) Low Level Outlets and two (2) Surface Spillway 

bays.  

The Powerhouse will be in the centre of the river, and will have two erection bays, one 

at each end of the powerhouse. The split erection bay concept provides on the one hand 

advantages for assembly and installation of the equipment (lifting devices can operate 

independently from each other), and space (upstream and downstream of the erection 

bays) to host the facilities for upstream and downstream Fish Migration.  

The natural hydrological flow regime at the Luang Prabang HPP site is heavily impacted 

by the Lancang Cascade in China and its huge storage plants. A water balance model 

for the conditions without and with the Lancang Cascade has been established and 

calibrated based on observed data. The natural inflow series (1951 to 2018) has been 

transformed by a water balance model taking into account the operation of the Lancang 

Cascade, resulting in higher base flows during the dry season. The average flow at the 

barrage site is about 3,293 m3/s; the 10,000 year design flood is about 33,500 m3/s, the 

PMF has been determined with a rainfall-runoff model to 41,400 m3/s.  

The Luang Prabang HPP project site is located on a stable block between two branches 

of the Dien Bien Fu Fault Zone. The main bedrock units consist of dark green-grey 

andesitic basalts, volcano-clastics and subvolcanic intrusions, as well as thinly bedded 

calcareous clastic sediments. The contacts between the two different main units are 

mainly of stratigraphic and not of tectonic origin. The foundation conditions for the civil 

structures are moderate to favourable. No karst-features are to be expected, which would 

have been unfavourable regarding water tightness. Suitable construction material 

(massive limestone) for concrete aggregates could be identified in close distance to the 

dam site at the right upstream river bank; massy basaltic bedrock, which has to be 

excavated, can be used for purposes with lower quality demand, i.e. embankment 

fillings. The number of local and sub-regional fault zones documented in the previous 

studies could not be confirmed by the 2019 investigations in this extend and geometric 

layout. The current dam location at Alternative 1 can be classified from the geological-

geotechnical point of view as feasible. 

The construction of the hydropower plant is planned to be done within one major 

construction stage, i.e. all major structures will be erected within a large single 

construction pit while the Mekong River is diverted. After completion of the main 

construction works (concrete works and installation of the main hydro-mechanical 

equipment, Spillway and Navigation Lock operational, intake gates and draft-tube 

stoplogs at Powerhouse in place and set) the Mekong River will be diverted through the 

Spillway (Low Level Outlets) and the left bank closing structure (RCC gravity dam) 

will be constructed while wet testing and commissioning can start. 

The construction works will be mainly done from the right river bank, which can be 

reached by an existing access road from Luang Prabang (Mekong River in Luang 

Prabang needs to be crossed by ferry boat). Transportation of bulk material to site can 

be done via vessels or by road.   

The power will be exported via a 500 kV double circuit transmission line. The export 

to Vietnam would require a transmission line with a total length of approximately 

620 km to 765 km of which 365 km to 470 km would be in Laos and the remaining 

length required to connect to either an existing or future substation of the Vietnamese 

500 kV grid. For the connection three potential corridors, i.e. northern, middle and 

southern have been studied. Due to the length of this transmission line an additional, 
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intermediate substation would be required. Additionally difficult, mountainous terrain 

would need to be crossed. 

The closest connections to a 500 kV grid would be to Thailand either via Hongsa 

District or via Kenethao Xayaburi District. The estimated length of the transmission line 

is in the range of 250-300 km. 

An initial optimisation of the installed capacity and energy calculations has been carried 

out based on the available hydrological data. The result of this optimisation study shows 

an optimum installed capacity of 1,460 MW. In order to minimise the number of units, 

the size of the Kaplan units have been optimised. The selected runner diameter is about 

8.80 m, the maximum unit discharge is 765 m3/s with a capacity of 200 MW per unit. 

The mean annual energy generated yields to approximately 6,424 GWh per year, and 

the 90% percentile (P90) of the energy yield is about 5,986 GWh per year at Thailand 

delivery point. 

The mean annual energy generated yields to approximately 6,231 GWh per year, and 

the 90% percentile (P90) of the energy yield is about 5,608 GWh per year at Vietnam 

delivery point. 

The construction time has been estimated to about 84 months (1 year for preparation 

work and 7 years for construction) from financial close to COD. The first unit will be 

ready for operation 12 months before COD. 

The environmental and social impact assessment follows national and international 

standards (IFC) and especially the MRC guidance and recommendations. The main 

focus is put on impact mitigation to fish migration, sediment transport and impacted 

villages. Besides, mitigation measures for identified impacts during pre- construction, 

construction, operation and transfer phase are proposed in the ESIA. 

The Mekong River is an important habitat for many different fish species. At Xayaburi 

HPP around 161 different species have been identified. It is reasonable to assume that 

a similar amount of species will be present at Luang Prabang site as well with many of 

them being the same as in Xayaburi. Upstream and downstream fish migration facilities 

will be provided at the Luang Prabang HPP. The facilities will be designed in 

consideration of the experience gained at Xayaburi HPP and follow the MRC guidance. 

Fish monitoring will take place which will include the biomass, the different species 

and the migration behaviour. 

Around 26 villages will be directly impacted by the project since they are located at the 

riverbanks of the Mekong in submerged areas and/or the backwater area of the 

hydropower plant. These villages contain around over 2,000 households with over 

10,000 inhabitants which will be affected by the project in one way or another. In the 

majority of cases only certain low lying houses within a village will need to be relocated 

rather than relocating complete villages. The inventory of loss is ongoing to identify 

how many households have to be resettled and how losses have to be compensated.  

A risk assessment has been carried out for the Luang Prabang HPP covering the main 

risks during construction and operation of the scheme. The identified risks have been 

assessed and adequate measures to control and manage these risks have been determined 

and proposed. Overall the risk assessment and the taken control and management 

measures result in an acceptable and manageable risk profile for the Luang Prabang 

HPP. 
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SALIENT FEATURES  

LOCATION  

Country Lao PDR 

Province Luang Prabang 

Nearest village Ban Houaygno 

Name of the river / river basin Mekong River 

Catchment and Hydrology  

Catchment Area  231,329 km2 

Average Annual Discharge  3,293 m3/s 

Construction Design Flood (HQ100) 23,800 m3/s 

Design Flood (HQ10,000)  33,500 m3/s 

Safety Check Flood (PMF)  41,400 m3/s 

Reservoir  

Full Supply Level (FSL) 312.00 m asl 

Maximum Flood Level (HQ10,000) 313.60 m asl 

Maximum Flood Level (PMF) 314.20 m asl 

Surface Area  55 km2 

Reservoir Volume  1,256 million m3 

Length of Backwater Area  156 km 

Barrage   

Location (WGS84) 
N 20° 04' 22.39"  
E 102° 11' 14.13" 

Dam type Barrage type 

Dam height (over deepest foundation) 79.0m 

Foundation level  238.00 m asl 

Crest elevation 317.00 m asl 
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Navigation Lock  

Type of Lock 2-step Navigation Lock 

Design Vessel 2 x 500 DWT 

Maximum Passage Time  50 min 

Max. Total Lifting Height 35.50 m 

Length of Lock Chamber (useable length) 120.00 m 

Width of Lock Chamber 12.00 m 

Depth under lowest WL 5.00 m 

Upper Lock Chamber  

Maximum Water Level 312.50 m asl 

Minimum Water Level 294.25 m asl 

Maximum Flood Level (U/S) 312.50 m asl 

Sill Level 289.25 m asl 

Lower Lock Chamber  

Maximum Water Level 294.25 m asl 

Minimum Water Level 276.50 m asl 

Maximum Flood Level (D/S) 294.50 m asl 

Sill Level 271.50 m asl 

Feeding System  

Size of Main Feeding Conduit (width/ height) 3.0 x 4.5 m 

No of Diffuser per conduit (per chamber) 7 with 5 openings each 

Upstream Approach Channel  

Length  min 250 m  

Mooring Posts 9 

Downstream Approach Channel  

Length  min 250 m 

Mooring Posts 9 
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Spillway  

Type 
6 Surface Spillway Bays 
3 Low Level Outlet Bays 

Spillway Capacity (PMF) 41,400 m3/s 

Overall Width 195.00 m 

Surface Spillway  

Number of Bays 6 

Width 19.00 m  

Sill Elevation 288.00 m asl 

Size of Gate (width/ height) 19.00 m / 25.00 m 

Low Level Outlet  

Number of Bays 3 

Width 12.00 m  

Sill Elevation 275.00 m asl 

Size of Gate (width/ height) 12.00 m / 16.00 m 

Powerhouse  

Number of units 7 

Main dimensions  

Overall size of powerhouse (length/ width/ height) 275.00 / 97.00 / 80.00 m 

Size of machine hall (length/ width/ height) 195.20 / 26.00 / 34.50 m 

Number of erection bays 2 

Size of erection bay(s) (length/ width) 
80.00 / 26.00 m  
50.00 / 26.00 m 

Unit spacing 32.00 m 

Powerhouse Crane   

Main Crane  2 x 380 ton 

Auxiliary Crane  2 x 80 ton 

Heaviest part (motor-generator)  650 ton 

Installed rated capacity (total) 1,460  MW 

Rated gross head  29.56 m 

Closing Structure  

Dam Type RCC Concrete Gravity 

Height 50.20 m 

Length 281.23 m 

Crest Elevation 317.00 m asl 
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Main Equipment  

Kaplan Turbine  

Type  Vertical Kaplan turbine 

Rated unit capacity  200 MW 

Rated discharge per unit  765.0 m3/s 

Rated head  29.56 m 

Speed (nominal / runaway)  83.3 / 235 rpm 

Generator  

Type 
Three phase synchronous 
generator 

Rated output 220 MVA 

Power factor 0.90 overexcited 

Frequency  50 Hz 

Transformer  

Type 
Three phase, two windings, 
oil immersed 

Numbers 7 + 1(spare unit) 

Rating 240 MVA 

Voltage reduction 16 / 550 kV 

Frequency 50 Hz 

Transport weight 650 ton 

Transport dimensions (length/ width/ height) 7.0 x 3.0 x 4.0 m 

Switchgear equipment  

Type 
550 kV SF6 gas-insulated 
metal-enclosed switchgear 
(GIS) 

Voltage level 500 kV 

Max. operating voltage 550 kV 
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Energy Production  

Energy Output (at Powerhouse) 6,622 GWh/a 

Energy Output (at EGAT Delivery Point) 6,424GWh/a 

Energy Output (at EVN Delivery Point) 6,231 GWh/a 
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 LIST OF ABBREVIATIONS  

 

Units and Symbols 

°C degree Celsius 

EUR EURO 

GWh Gigawatt hour 

GPa  Giga Pascal 

g gram 

g  gravity (9.81 m/s2) 

ha  hectare 

km kilometre 

km2 square kilometre 

K  Kelvin 

kPa  kilo Pascal 

kV kilo-volt 

kVA kilovolt-ampere 

kW kilowatt 

kWh kilowatt hour 

m metre / metre 

MCM  million cubic metre 

MJ Mega Joule 

mm millimetre 

m2 square metre 

m3 cubic metre 

m/s metre per second 

m3/s cubic metre per second 

m asl metre above sea level 

M million 

M m3 million cubic metre 

MPa  Mega Pascal  

M USD  million US Dollar 

MW Megawatt 

MWh  Megawatt hours 

Pa  Pascal 

pH A measure of the acidity or alkalinity 
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rpm revolutions per minute 

t ton 

USc US Dollar cents 

USD US Dollar 

 

Abbreviations 

2D Two Dimensional 

3D Three-Dimensional  

AC Alternating Current 

ACI American Concrete Institute 

ACSR Aluminium Conductor Steel Reinforced 

AET actual evapotranspiration 

AIS Air-Insulated Switchyard 

AISC American Institute of Steel Construction 

AIT Asian Institute of Technology 

ANSI American National Standards Institute 

approx. approximately 

ASCE American Society of Civil Engineers 

ASCII  American Standard Code for Information Interchange 

ASME American Society of Mechanical Engineers 

ASPA Ancillary Services Procurement Agreement 

ASPP Ancillary Services Procurement Plan 

ASTER  Advanced Spaceborne Thermal Emission and Reflection 

ASTM  American Society for Testing and Materials 

BH Boreholes  

BIM Building Information System 

BM Benchmark 

BoQ Bill of Quantities 

BS British Standards 

BSI British Standards institution 

BST British Standard Time 

ca. approximately (Circa) 

CAD Computer Aided Design 

CAGR Compound Annual Growth Rate 

CE Construction Earthquake 
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CEMT European Conference of Ministers of Transport 

CF  Cash Flow 

CNR Compagnie Nationale du Rhône 

COD Commercial Operation Date 

D&B Drill and Blast 

DBE  Design Basis Earthquake 

DC Direct Current 

DCF  Discounted Cash Flow 

DEM  Digital Elevation Model 

DGPS Differential Global Positioning System 

DIN German Institute for Standardization  

DSCR Debt Service Coverage Ratio 

d/s Downstream 

DTM Digital Terrain Model 

DWT  Deadweight 

EL Elevation 

E&M Electrical and Mechanical 

EAP Emergency Action Plan 

EGAT Electricity Generating Authority of Thailand 

EGM Earth Global Model  

EIA Environmental Impact Assessment 

EM Electromechanical  

EMMP Environmental Management and Monitoring Plan 

EPFL École Polytechnique Fédérale de Lausanne 

EUROCODE European Standard 

ESIA Environmental and Social Impact Assessment 

ESMMP Environmental and Social Management and Monitoring Plan 

ESSS Environmental and Social Screening and Scoping 

FAO Food and Agriculture Organisation 

FCFE  Free Cash Flow to Equity 

FS Feasibility Study 

FSL Full Supply Level 

GCB Generator Circuit Breakers  

GCP Ground Control Points 

GDEM Global Digital Elevation Model 

Geo-TIFF Geo-referenced Tag Image File Format 
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GFRD Geomembrane Faced Rockfill Dam 

GIS Gas Insulated Switchgear 

GIS Geographic Information System 

GNNS Global Navigation Satellite System 

GOL Government of Lao People’s Democratic Republic  

GPCC  Global Precipitation Climatology Centre  

GPS Global Positioning System 

HH Households 

HNL Highest Navigable Level 

HPP Hydro Power Plant  

HM Hydro-mechanical 

HQxx  Flood with a return period of xx years 

HOL Highest Operating Level 

HV High Voltage 

HVAC Heating, Ventilation and Air conditioning system 

IC Installed Capacity 

ICOLD International Commission on Large Dams 

IDC Interest During Construction 

IEC International Electrotechnical Commission standards 

IEEE  International Institute of Electrical and Electronic Engineers 

IFC International Finance Corporation 

incl. include 

IPB Isolated Phase Busduct 

IPP Independent Power Producer 

IRR Internal Rate of Return 

ISO International Standards Organisation  

LiDAR Light Detection And Ranging 

LNG Liquefied natural Gas 

LNL Lowest Navigable Level 

LOL Lowest Operating Level 

LP HPP Luang Prabang Hydro-Electric Power Project 

LPCL Luang Prabang Power Company Limited 

LS Lump Sum 

LV Low Voltage 

max Maximum  

MCE Maximum Credible Earthquake 
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MDE Maximum Design Earthquake 

MOL Minimum Operating Level  

MOU Memorandum of Understanding 

MRC Mekong River Commission 

NOL Normal Operating Level 

NPV Net Present Value 

NTP Notice to Proceed  

OBE Operation Basis Earthquake 

O&M Operation and Maintenance 

PET Potential Evapotranspiration  

PGA  Peak Ground Acceleration 

PH Powerhouse 

PIANC Permanent International Association of Navigation Congresses 

PMF Probable Maximum Flood 

PMP Probable Maximum Precipitation 

PNPCA Procedures for Notification, Prior Consultation and Agreement 

PPA Power Purchase Agreement 

PSHA Probabilistic Seismic Hazard Analysis  

PV PetroVietnam Power Corporation 

PVC Poly Vinyl Chloride  

QA Quality Assurance 

QC Quality Control 

QM Quality Management 

RAP Resettlement Action Plan 

RCC Roller Compacted Concrete 

RQD Rock Quality Designation index 

ROR Run-Of-River 

RTS Reservoir-Triggered Seismicity 

SCADA Supervisory Control And Data Acquisition 

SEE Safety Evaluation Earthquake 

SIA Social Impact Assessment 

SPT Standard Penetration Test 

SRTM  Shuttle Radar Topography Mission 

SST Station Service Transformer 

TG unit Turbine - Generator Unit 

TIFF Tag Image File Format 
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TL Transmission Line 

TOR Terms of Reference 

TRMM  Tropical Radar Rainfall Mission 

TWL Tail Water Level 

UCS Unconfined Compressive Strength 

UNESCO United Nations Educational, Scientific and Cultural 

Organization 

UPS Uninterrupted Power Supply 

USACE United States Army Corps of Engineers 

USBR United States Bureau of Reclamation 

USCS Unified Soil Classification System 

USSD United States Society on Dams 

u/s Upstream 

UTM Universal Transverse Mercator 

UXO Unexploded Ordnance  

WGS World Geodetic System 

WL Water Level 
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1 INTRODUCTION 

1.1 Project Background 

The Mekong River possesses a huge hydropower potential both in its main stream and 

tributaries. A large part of this potential is in Lao territory due to country’s favorable 

climatic and geographical conditions.  

For development on the Mekong mainstream in Lao territory, the Government of Lao 

People’s Democratic Republic (GOL) previously signed Memorandum of Understanding 

(MOU) with developers to study and/or implement several projects, for example, 

Xayaburi, Don Sahong, Pak Lay, and Pak Beng.  

Luang Prabang Power Company Limited (“LPCL”) is the “Project Company” which has 

been set up in the Lao PDR to undertake the project development of Luang Prabang 

Hydroelectric Power Project (“LP HPP”) under the Memorandum of Understanding 

granted by the Government of the Lao PDR to PetroVietnam Power Corporation in 

October 2007, which has later been assigned to LPCL upon formation of LPCL. 

This MOU allows LPCL to conduct surveys, investigations, and a full Feasibility Study 

(FS) for the development of the LP HPP.  In principle, the FS is aimed to comply with 

the Terms of Reference (TOR) of FS in LEPTS, the MRC Guidance, and other GOL 

regulations. 

1.2 Project Location 

The Luang Prabang hydropower project is the 2nd cascade run-of-river project on the 

Mekong mainstream accounting from upstream of the Lower Mekong Basin, which have 

been studied by MRC since 1994. The project is located between the two Mekong 

mainstream projects, Pak Beng project at upstream and Xayaburi project at downstream.  

The Project site is located on the Mekong River around kilometre 2036 in the Province 

of Luang Prabang, approximately 25 km upstream of Luang Prabang, at the village Ban 

Houaygno (about 4 km upstream of confluence between Nam Ou and Mekong). The 

reservoir area is expected to cross the provinces of Oudomxay and Luang Prabang. 

 

 

  

For 
PNPCA O

nly



Luang Prabang HPP  115002924 
Feasibility Study Report  2 
 

 

Copyright © Pöyry Energy Ltd. 

2 LOCATION AND ACCESS 

2.1 Location of the Project 

The Luang Prabang Hydro Electric Power Project (LP HPP) site is located on the Mekong 

River at kilometre 2036, approximately 25 km upstream of Luang Prabang, at the village 

Ban Houaygno, in the Province of Luang Prabang. The reservoir area also crosses the 

provinces of Oudomxay and Xayaburi (see map in Figure 2-2).  

 

 

Figure 2-1:  Location map of Luang Prabang HPP 
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Figure 2-2:  Political Map of Luang Prabang HPP  

2.2 Access 

2.2.1 Airport 

The nearest international airport to the project site is the Luang Prabang International 

Airport (LPQ), and is located a few kilometres north-east of Luang Prabang.  

2.2.2 Railway 

Luang Prabang will be connected to the 925 km long Sino-Laos Railway Link, running 

from Kunming, China, via Mohan-Boten at the northern Laos-Chinese border, to 

Vientiane, Laos. The railway project is currently under construction, completion of the 

427 km long railway section in Laos is scheduled for end of 2021. The nearest railway 

station to the Luang Prabang project site will be in Luang Prabang, about 5 km south-east 

of the Luang Prabang airport on the left bank of the Mekong River.  

2.2.3 Road 

The main access point for the project site is from Luang Prabang (ferry boat), approx. 

35 km away from the project site. Luang Prabang can be reached by road from Vientiane 

as well as the neighbouring countries: 

 Vientiane via National Road #4 to the south;  

 Kunming (China) via National Road #13 to the north; 

 Chiang Rai (Thailand) via National Roads #13 and road #3 to the north; 

 Nan (Thailand) via National Road #4 or #1 to the south;  
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 Hanoi (Vietnam) via National Road #13 and #1C to the north; 

 Vinh (Vietnam) via National Road #13 to the south.  

An overview of the access roads from/to Luang Prabang and the project area is shown in 

Figure 2-3. 

 

Figure 2-3:  Existing access roads from/to Luang Prabang 

2.3 Access to the Site 

The project area is about 25 km north-east of Luang Prabang at the village Ban Houaygno, 

and can be reached from Luang Prabang via existing roads/ferry boat and boat.  

Actually there is no road bridge over the Mekong River at Luang Prabang; the nearest 

Mekong bridge is in the south (National Highway #4 at Tha Deua, approx. 80 km from 

Luang Prabang) and upstream of Pak Beng (no direct road connection from Pak Beng to 

Luang Prabang and/or Project site). There are actually two ferry boats available to cross 

the Mekong River at Luang Prabang, a public ferry at Luang Prabang (small boat ferry, 

only suitable for a maximum of three cars) and a new ferry just upstream of the Luang 

Prabang railway bridge (under construction) established by the railway contractor for 

construction purposes. 

The new construction road on the right bank can be reached from the public ferry via an 

approx. 10 km long dirt track (not flood safe as 3 smaller creeks have been crossed by 

passage) which is accessible by 4x4 vehicles. The construction road is a dirt track road 
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in an acceptable condition; however, if used for main access to the project site an upgrade 

(widening and paving) and partial re-alignment (to avoid crossings of railway tracks) 

would be necessary.  

An over view of the proposed access routes to the project site is shown in Figure 2-4: 

 By boat (Option 1): From Luang Prabang, a boat ferry pier has been established at 

the railway bridge just north of Luang Prabang. This pier (on the left bank) can be 

reached via Highway #13. A new boat ferry pier at the project site needs to be 

constructed (downstream of the dam axis). The distance from pier to pier is about 

20 km. 

 Right bank (Option 2): For the construction of the new railway link a new 

construction road has been built from Luang Prabang (ferry boat at the new railway 

bridge) to Ban Houaygno. The existing road is about 35 km long and accessible by 

car; however, the road would need an upgrade if used as main access route. 

 Left bank (Option 3): From Luang Prabang airport the National highway #13 leads 

up to Ban Pak-Ou village. From Ban Pak-Ou a ferry crossing would need to be 

established. An existing construction road (approx. 4 km) leads on the right bank to 

the Ban Houaygno, which needs some minor upgrade if used as main access road. 

The total length of this access option is about 33 km.  

 

Figure 2-4:  Access to Project Site from Luang Prabang 
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3 HYDROPOWER DEVELOPMENT PLAN 

3.1 Hydropower Development at the Mekong Mainstream 

The estimated hydropower potential at the lower Mekong Mainstream (excluding China) 

is about 10,000 MW, while that of the upper Mekong (Lancang Cascade) in China is 

about 21,400 MW, largely already developed or under construction. In the lower 

Mekong, the construction of 2 hydropower plants at the Mekong Mainstream has been 

started, the 1,285 MW Xayaburi HPP (just downstream of Luang Prabang HPP) and the 

256 MW Don Sahong HPP.  

 

 

Figure 3-1:  Hydropower along the Mekong Mainstream 

3.1.1 Lancang Cascade 

The hydropower developed at the Upper Mekong Basin in China (also called Lancang 

Cascade) are mainly large storage plants, most of them already in operation or under 

construction. The total active storage volume of these plants is about 24 billion m3, or 
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about 25% of the mean annual flow of the Mekong River entering the Lower Mekong 

Basin from China.  

The regulation effect of these large storage schemes will have a significant effect on the 

annual flow pattern in the Lower Mekong Basin, mainly a shift of the flow from the 

Monsoon season to the dry season, resulting in an increase of the dry season flows and a 

decrease of the flood hydrographs.  

The largest reservoirs of the Lancang Cascade are in operation since 2013 (Xiaowan) and 

2015 (Nuozhadu), and their impact is already considered in the flow records of the last 3 

years. The study “Optimization Study of Mekong Mainstream Hydropower” (2009) 

estimated the impact of the Lancang Cascade on the low dry season flows is between 

58% (Pak Beng, Luang Prabang) and 46% (Sanakham).  

Table 3-1: Hydropower Plants in Operation of the Lancang Cascade 

HPP 
COD 

Capacity 
[MW] 

Head 
[m] 

FSL 
[m asl] 

Storage 
[M m3] 

Gongguoqiao 2011 750 77 1,319 120 

Xiaowan 2013 4,200 248 1,236 9,900 

Manwan 1995 1,500 99 994 257 

Dachaoshan 2003 1,350 80 895 367 

Nuozhadu 2015 5,500 205 807 12,300 

Jinghong 2010 1,500 67 602 249 

Total  14,800 776  23,193 

 

3.1.2 Hydropower Development in Lao PDR 

The Mekong River Commission carried out a study “Mekong Mainstream Run-Of-River 

Hydropower” in 1995 and identified a total of twelve projects with a total capacity of 

13,000 MW, where 9 of them were considered promising, which are Pak Beng, Luang 

Prabang, Xayaburi, Pak Lay, Pamong A, Ban Koum, Don Sahong, Strung Streng and 

Sambor.  

In 2009, a study “Optimization Study of Mekong Mainstream Hydropower” has been 

carried out by GOL – Ministry of Energy and Mines (see Table 3-2). This study optimized 

the upper 5 projects at the Mekong mainstream in Lao PDR, from Pak Beng HPP down 

to Sanakham HPP. 
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Figure 3-2:  Hydropower Project at the Mekong Mainstream in Lao PDR 

 

Table 3-2: Mekong Mainstream HPP Projects as per GOL Optimization Study  

 
Kilometrage 

Capacity 
[MW] 

FSL 
[m asl] 

Pak Beng 2,188 1,230 345 

Luang Prabang 2,036 1,410 310 

Xayaburi 1,930 1,260 275 

Pak Lay 1,818 1,320 240 

Sanakham 1,772 570 215 

 

3.2 Project Features 

The Luang Prabang HPP site is located on the Mekong River at kilometre 2036, 

approximately 25 km upstream of Luang Prabang. It is a barrage type hydroelectric run-

of-river scheme which comprises: 

 Powerhouse equipped with 7 Kaplan turbine/generator sets (200 MW each). The total 

installed capacity is 1,400 MW, and the maximum gross head is about 36.8 m 
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 Auxiliary units using water from fish attraction flow for the upstream and 

downstream migration facilities (approx. 180 m3/s), totaling to approx. 60 MW 

capacity 

 Spillway structure with six (6) radial surface gates (19 m x 25 m, sill level 288.0 m 

asl), and three (3) low level outlets (12 m x 16 m, sill level 275.0 m asl) 

 Two-step Navigation lock system for 2x500 DWT vessels 

 Fish pass system for up- and downstream migration 

 500 kV transmission line with intermediate substation to Vietnam with an 

approximate length of 400 km to the Vietnamese border and 200 km to the next 

suitable substation. Alternatively to Thailand with an approximate length 250 to 

300 km long. 

The Luang Prabang HPP is located at the right river bank, where space is available for 

the construction of the main structures. The Navigation Lock will be located at the right 

river bank allowing vessels and ships a safe approach and passage. The Powerhouse will 

be in the centre of the river, and will have one erection bay on each end of the 

powerhouse. The split erection bay concept provides on the one hand advantages for 

assembly and installation of the equipment (lifting devices can operate independently 

from each other), and provide space (upstream and downstream of the erection bays) to 

host the facilities for upstream and downstream Fish Migration.  

The construction of the HPP is planned to be done within one major construction stage, 

i.e. all major structures will be erected within a large single construction pit while the 

Mekong River is diverted. After completion of the main construction works (concrete 

works and installation of the main hydro-mechanical equipment, Spillway and 

Navigation Lock operational, intake gates and draft-tube stoplogs at Powerhouse in place 

and set) the Mekong River will be diverted through the Spillway (Low Level Outlets) and 

the left bank closing structure (e.g. RCC dam) will be constructed while wet testing and 

commissioning can start.  The construction works will be mainly done from the right river 

bank, which can be reached by an existing access road from Luang Prabang (Mekong 

River in Luang Prabang needs to be crossed by ferry boat). Transportation of bulk 

material to site can be done via vessels or by road.  

3.3 Reservoir Operation 

The Luang Prabang HPP is a Run-of-River type hydropower plant, i.e. the discharge 

through the power plant (Powerhouse, Spillway) equals the inflow, and the Full Supply  

Level will be maintained most of the time during operation (increase of / decrease of the 

FSL might be required during spillway operation or other exceptional operating cases). 

For practical purposes (control system) an “operating range” for the FSL of around 

0.50 m will be required, i.e. the FSL will vary between 312.00 and 312.50 m asl.  

During Flood Operation the excess water (water not used for generation of electricity 

and/or operation of the Navigation Lock and Fish Migration Facilities) will be spilled 

through the Spillway. The Spillway comprise Low Level Outlets and Surface Spillway 

bays. The operation of the Spillway will be such that the first bays in operation will be 

the Low Level Outlets in order to route “turbidity currents” through the spillway and to 

minimise sedimentation in the reservoir area. When the capacity of the Low Level Outlets 

is reached the Surface Spillway will start operation. All gates of the Surface Spillway will 

be equipped with flap gates to allow spill of floating debris in front of the Spillway into 

the tailwater area.  
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3.4 Alternatives and Optimization 

An alternative and optimisation study for the Luang Prabang HPP has been carried out 

(see Chapter 9 of this report). The Alternative Study comprises the following: 

 Project Site: Two alternative sites have been assessed and compared, one alternative 

at km 2036 and a second alternative further downstream at km 2035. The first 

alternative allows a construction of the plant within a single main construction stage, 

resulting in higher excavation volumes and shorter construction time (1 to 2 years) 

and significant savings in financing costs. On the other hand this alternative will have 

higher construction costs and slightly lower energy output due to a slightly reduced 

head. However, a techno-economic assessment found alternative 1 to be more 

promising and was selected to be further developed. 

 Arrangement of the main structures: The principal arrangement of the main 

structures, i.e. the spillway and the powerhouse have been assessed. For nautical 

reasons the Navigation Lock has to be located at the right abutment, and the 

differences of these two alternatives are if the Spillway or the Powerhouse is located 

adjacent to the Navigation Lock at the right abutment. An arrangement (from the 

right bank) of Navigation Lock - Spillway – Powerhouse was found favourable 

mainly due to a lower construction risk and slightly lower construction costs. The 

disadvantage of this arrangement would be a negative impact of spillway operation 

on the downstream entrance into the Navigation Lock, which will be subject to 

detailed hydraulic optimization.  

 Fish Migration concept: The Fish Migration System provides facilities for upstream 

and downstream migration, and meets the requirements of the MRC Design 

Guidance. In general the Luang Prabang HPP will provide similar functionality like 

the system developed for Xayaburi HPP. The upstream migration system comprises 

multiple entrances along the powerhouse, a collecting system, and two fish lock at 

the left pier with the outlet into the headwater. The downstream migration facility 

provides entrances above the power intakes, the fish are spilled via a stepped 

downstream chute at the right pier into the tailwater. The water from the attraction 

flow is used for electricity generation at the auxiliary units. In case of spillway 

operation an additional upstream migration is provided at the right river bank along 

the Navigation Lock.  

The installed capacity was optimised based on an incremental benefit/cost analysis. In 

order to minimise the total number of units, a design discharge of 765 m3/s per unit was 

assumed, and arrangement with 6, 7 and 8 units has been assessed. The optimum 

arrangement was found to be 7 units, resulting in a total design discharge of 5,355 m3/s 

for the main units.  
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4 POWER MARKET STUDY 

The potential off-take markets for the electricity generated at the Luang Prabang HPP are 

Lao PDR, Thailand, Vietnam and Cambodia. The following section provides high level 

supply-demand analysis and market survey for Lao PDR, Thailand, Vietnam and 

Cambodia. All data reported are based on official statistics and official planning 

documents. 

4.1 Thailand and Vietnam Tariff Level 

In general, the application of Power Development Plans (PDP) to planned capacity in 

Thailand and Vietnam differs in terms of approval process. Tariff levels also differ, due 

to generation mix being different, among other factors. 

In the case of Thailand, the PDP is generally considered to be a “guideline” for future 

capacity development. While the PDP includes future plants with signed PPAs, there 

have been numerous cases of new PPAs signed in addition to the planned capacity 

identified in the PDP. It is expected that as capacity surplus wanes off in the medium 

term, EGAT, the state-owned off-taker, will consider new PPAs with competitive tariff 

levels. This point has been emphasized as a key consideration for future PPAs in 

Thailand. Additionally, EGAT is considered to be a bankable off-taker in terms of project 

financing which represents lower risk for lenders. 

On the other hand, with the hallmark of centrally planned economy, Vietnam generally 

more strictly adheres to the planned capacity specified in its Power Development Master 

Plan (PDMP). It is, however, understood that the plan is open for revision and change. 

The practical difference to Thailand is that in most cases, developers in Vietnam are 

required to obtain necessary official approval – and get their project added to the PDMP 

– before engaging with the off-taker. In terms of average tariff, due to lack of public 

information, it is unclear what the current wholesale tariff level is in Vietnam. However, 

Vietnam does operate a larger portfolio of hydro and coal power plants than Thailand. It 

is therefore plausible that tariff level will average lower in Vietnam. 

4.2 Lao PDR 

4.2.1 Overview of the Market Structure 

The power sector in Laos is primarily dominated by state owned player. The vertically 

integrated Electricite du Laos (EDL) acts as the incumbent single buyer, and operates all 

transmission and distribution asset. The Ministry of Energy and Mines is the principal 

authority in the electricity industry, which also performs regulatory and supervisory roles. 

Despite the sector being unbundled, there is still significant cross shareholding among 

major players and the state. Figure 4-1 illustrates the power market structure in Laos. For 
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Source: EDL, various sources 

Figure 4-1:  Power Market Structure in Lao PDR 

4.2.2 Historic Electricity Generation and Capacity 

As power supply in Laos is heavily dominated by hydro plants, due to abundant local 

resource, generation grew by 16.7% per year from 2005-2015. The increase is largely 

attributed to the commissioning of Nam Ngum 2 hydro plant in 2010. Figure 4-2 

illustrates the historic generation mix. The seasonality of hydro inflow means that hydro 

generation fluctuates from year to year. 

 

Source: MEMDEPP Electricity Statistics Yearbook, including export capacity 

Figure 4-2:  Generation Volume in Lao PDR (2005-2015) 

Capacity grew at a faster rate, by 23.91% per year from 2005-2015 while peak demand 

in Laos grew by 9.28% in the same period. The recent capacity additions were Nam 

Ngum 2 hydro plant in 2010 and Hongsa coal plant in 2015, which increase the capacity 

by 615 MW and 1,870 MW respectively. Currently, more than 60% of installed capacity 

is Laos is for export. Figure 4-3 illustrates the historic supply-demand balance. For 
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Source: MEMDEPP Electricity Statistics Yearbook, including export capacity 

Figure 4-3:  Installed Capacity in Lao PDR (2005-2015) 

4.2.3 Future Outlook 

EDL publishes its report on demand and supply, which is a supply-demand outlook 

focusing on domestic capacity and demand, excluding IPP and export capacity. The 

current outlook is from 2016-2030. EDL typically updates the PDP document every 3 to 

5 years. Peak demand is expected to grow at CAGR of 12.1%, while capacity is expected 

to grow at a faster rate at 18.4%. Figure 4-4 illustrates the official forecasted supply-

demand balance. 

 

Source: EPPC 

Figure 4-4:  Lao PDR Capacity and Demand Projection 

4.3 Thailand 

4.3.1 Overview of the Market Structure 

The electricity sector in Thailand is operated under an enhanced single buyer model, 

dominated by wholly or partially state-owned generating companies. The wholly state-

owned Electricity Generating Authority of Thailand (EGAT) acts as a generator, owner 

of transmission network, and wholesale buyer of generation by private generators. The 
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private generators are classified according to the contracted capacity as: Independent 

Power Producer (IPP); Small Power Producer (SPP) and Very Small Power Producer 

(VSPP). Each type of generator is subject to different rules, such as Power Purchase 

Agreement and tariff pricing. The electricity market is not expected to be liberalized in 

the foreseeable future. 

Currently, EGAT holds around 40% of installed capacity. The combined IPP capacity 

follows at 38%. The remaining capacity is served by SPP, VSPP and imported capacity. 

The private participants sell generation to EGAT through power purchase agreement 

(PPA), with the exception of VSPPs, who directly sell electricity to the distributors (i.e., 

MEA or PEA) directly through PPAs. The generation is then distributed through EGAT’s 

transmission network, which it wholly owns.  

In addition to its own generating assets, EGAT also has partial ownership of two of the 

largest IPPs, Ratchaburi Electricity Generating PCL and EGCO PCL, at approximately 

45% and 25% respectively. The organization falls under management of the Ministry of 

Energy. 

The distribution market is dominated by the Metropolitan Electricity Authority (MEA) 

and the Provincial Electricity Authority (PEA), with the former serving the Bangkok 

Metropolitan Area and the latter serving the remaining areas of the country. Both 

organizations are under administration of the Interior Ministry. Currently, PEA 

distributes around two-thirds of total electricity sold in Thailand, while MEA distributes 

approximately one-third of total electricity sold. The structure of Thailand’s power 

market is shown in Figure 4-5. 

 

Source: Various sources 

Figure 4-5:  Power Market Structure in Thailand 

4.3.2 Historic Electricity Generation and Capacity 

Electricity generation in Thailand reached 201,166 GWh in 2017. Historically, generation 

demand was met mostly by natural gas, correspondingly with the capacity, with 

generation amount of 121,044 GWh in 2017. Coal is the second largest generation source, 

at 35,372 GWh, followed by renewables (including a variety of categories) at 

14,944 GWh. With the exception of diminishing fuel oil generation and growing 

renewable generation, the overall generation shares have not shown significant changed 

over the past 17 years. The generation development in Thailand is shown in Figure 4-6. 
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Source: EPPC 

Figure 4-6:  Generation Volume in Thailand (2001-2017) 

Installed capacity reached 42,433 MW in 2017. The capacity level has grown at a 

relatively steady rate in the past 16 years, at 2001-2017 CAGR of 4.18%. The share of 

EGAT’s own generation capacity has remained relatively stable over time. The increased 

capacity has mostly come from “Independent Power Producers” (“IPPs”), “Small Power 

Producers” (“SPPs”) and “Very Small Power Producers” (“VSPPs”) – which are 

Thailand’s categories, in order from largest to smallest size, of what most of the rest of 

the world simply calls “independent power producers”. Recent addition of imported 

capacity, namely from Hongsa coal fired power plant as well as a number of hydro power 

plants in Lao PDR have also added to the capacity mix. The historical capacity 

development is shown in Figure 4-7. 

 

Source: EPPO 

Figure 4-7:  Installed capacity in Thailand (2000-2017) 

4.3.3 Future Outlook 

Thailand’s power sector planning is based on the Power Development Plan (PDP), 

published by the Electricity Regulatory Commission (ERC). In 2019, the ERC released 

the revised version of the Power Development Plan policy guideline, with forecasts up to 

2037 (“PDP2018”). In comparison to the previous version, there is a slight downward 
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adjustment in both peak demand forecast and generation in the initial years of projection, 

recovering and surpassing the 2015 version in the subsequent years. With the new 

outlook, the capacity plan was changed correspondingly. 

The new PDP 2018 features goals in relation to the Thailand’s 20 year strategic plan 

covering the power sector. The PDP has three main emphasis on energy security, 

economy and ecology. These topics play a part in determining capacity and generation 

targets. 

According to the new 2018 PDP, the government has allocated the total of 3,388 MW for 

imported power purchase through to 2036. This may allow a case for hydro power, which 

represents economic alternative on per MWh basis. 

Thailand’s supply and demand projection based on the 2018 PDP is summarised in Figure 

4-8. 

 

Source: EPPC 

Figure 4-8:  Thailand Capacity and Demand Projection 

4.4 Vietnam 

4.4.1 Overview of the Market Structure 

Vietnam’s electricity sector largely operates under single buyer model, similar to that in 

neighbouring countries, although the market is currently being reformed with an 

introduction of a wholesale generation market. Despite the ongoing reform, the market 

operation is currently governed by the single buyer arrangement. With the state owned 

EVN being the counter-party in power purchase agreement (PPA) with power developers. 

After the breakup of the vertically integrated structure of EVN, the distribution entity is 

separated by the regions into 5 Power Companies, and independent power distribution 

companies for the rural areas, while EVN retains its ownership of transmission facility in 

Vietnam.  

Vietnam’s generating capacity was historically dominated by state owned entities such 

as EVN, Petrovietnam (PVN) and Vinacomin. Due to fast pace of growth in demand, 

most recent capacity is met by private sector investment, with an increasing share. Figure 

4-9 shows the power market structure in Vietnam. 

The Law on Electricity passed in 2005 implemented regulations for long term programs 

to restructure the power industry in Vietnam, including the reorganization of EVN, and 
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the deregulation of the power market to become a competitive power market with 

multiple buyers and sellers at both wholesale and retails levels.  

The Prime Minister Decision No. 26/2006/DQ-TTg issued on 26 January 2006 approves 

the roadmap mandated by the Law on Electricity in 2005. This sets out the establishment 

of the electricity markets and the implementation of a competitive power sector. The 

roadmap described 3 stages for the introduction of electricity markets within the 

Vietnamese power sector as described in Figure 4-10. 

 

Source: EVN, various 

Figure 4-9:  Power market structure in Vietnam 

Stage 1: Competitive Generation Market (Since July 2012) 
During this first stage, the competitive generation market was implemented. Generators compete to 
sell power to the Electric Power Trading Company (the “Single Buyer”). Generators owned by EVN are 
established as independent companies and all generators (including non-EVN generation companies 
or “IPPs”) participate in the competitive generation market. The National Power Transmission 
Company provides transmission and distribution service required for the Single Buyer to purchase and 
sell wholesale power. 

Stage 2: Competitive Wholesale Power Market (from 2017 – current progress) 
During the second stage, a competitive wholesale power market will be implemented. Licensed 
generators will be able to sell to multiple entities licensed to engage in wholesale power transactions 
as well as directly to licensed retail power suppliers. There will remain one licensed national 
transmission company that is required to provide transmission service to multiple power sector entities 
on a non-discriminatory basis. During this second stage, licensed retail power suppliers will remain the 
sole suppliers of retail power to smaller industrial customers as well as all commercial and residential 
customers. 

Stage 3: Competitive Retail Power Markets (2023 and onwards) 
The third stage will focus on the phased implementation of competitive retail power markets. During 
this stage, some retail customers will be permitted to purchase power from alternative licensed power 
suppliers. To support competition for retail power sales, the functions of distribution service and retail 
power supply will be separated from each other by being provided by different licensed power sector 
entities. 

Source: EVN 

Figure 4-10:  Vietnam’s Power Market Reform Roadmap 
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4.4.2 Historic Electricity Generation and Capacity 

Historic consumption growth has been slightly higher than that of real GDP growth 

(6.68% in 2015); i.e., there has been an increase in electricity consumption coefficient 

with GDP. The government highlighted aims to reduce that from the current level of 2.0 

to 1.0 by 2020. If that is achieved, the growth of electricity consumption would then 

match that of real GDP growth. 

 

Source: EVN 

Figure 4-11:  Generation Volume in Vietnam (2010-2016) 

Installed capacity in the Vietnam electricity system increased from 19,500 MW in 2010 

to over 45,000 MW by end of 2016. 

The capacity addition has grown at a similar rate to the rise in peak demand, although the 

latter exhibited more uneven growth. This results in a fluctuating system margin, between 

35% and 53% over the previous years. 

 

Source: EVN 

Figure 4-12:  Installed Capacity in Vietnam (2010-2016) 
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4.4.3 Future Outlook 

The government publishes the Power Development Master Plan as the policy guideline 

for the development of the electric power sector. The latest iteration is the 7th Power 

Development Master Plan, revised in March 2016 (Master Plan No.7: 2011-2020 with 

Considerations to 2030).  

The plan forecasts growth in demand and provides a roadmap for the power industry over 

a 10 year period, with an overview of the following 10 years. Details include GDP growth 

forecast, consumption and demand growth forecasts. Based on this information, targets 

are set for generation mix, capacity mix, transmission development, shares of renewable 

energy and future energy imports (including LNG).  

According to the 7th Power Development Master Plan, generation is expected to grow at 

CAGR of 10.48% between 2015 (forecasted) and 2020. Subsequently for the period 

2020-2035, CAGR is expected to be at slower 8.2%. Peak demand is forecasted to 

increase to 42,080 MW in 2020, and subsequently to 90,651 MW in 2030. The forecasted 

peak demand through 2030 is shown in Figure 4-13. 

 

Source: Vietnam Government 

Figure 4-13:  Vietnam Peak Demand Projection 

According to the official government view, Vietnam is expected to see consumption 

increase to 265,406 GWh in 2020, and subsequently to 571,752 GWh in 2030. This will 

bring future generation amount to around four times of the current level. The official 

projected generation is shown in Figure 4-14. 
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Source: Vietnam Government 

Figure 4-14:  Vietnam Generation Projection 

4.5 Cambodia 

4.5.1 Overview of the Market Structure 

Cambodia’s electricity operates similarly to other neighbouring countries. The single 

buyer model is dominated by Electricite du Cambodge (EDC), the government owned 

entity in charge of the power generation, buying electricity from private power producer 

and operate the transmission line. EDC operates in the vast majority of the Cambodian 

market, except for the small rural micro grids, which are served by the Rural Electricity 

Enterprise (REE).  

EDC was formed in 1958 after the merging of two private stage own companies, Water 

and Electricity (CEE) and the Electricity Indochina (UNEDI). Since then EDC has gone 

through the political disturbances from many years. EDC was reconstructed in 1979 after 

the political unrest period in Cambodia. The Cambodian power market structure is shown 

in Figure 4-15. 

 

Source: EDC 

Figure 4-15:  Power Market Structure in Cambodia 
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4.5.2 Historic Electricity Generation and Capacity 

Generating capacity has grown from 314 MW in 2007 to 1,681 MW in 2016, representing 

CAGR of 20.47% for the period. Coal and hydro plants contribute to the largest portion 

of growth, particularly in the recent years. The share of the hydro power amounted to 

55%, whereas the share of HFO and diesel amounted to a combined 18% of total capacity 

share. The share of coal was 26% and biomass 1%. The overlaying of indicative peak 

demand in recent years also demonstrate that Cambodia’s domestic capacity has 

increasingly been able to meet power demand. Figure 4-16 illustrates the historic power 

supply and demand in Cambodia. 

 

Source: EDC 

Figure 4-16:  Generation Volume in Cambodia (2007-2016) 

Diesel and fuel oil generation has decreased over time, whereas coal and hydro generation 

have increased substantially. The total generation grew from 1,372 GWh in 2007 to 

7,040 GWh in 2016, representing CAGR of 19.92% for the period. In terms of generation 

mix, there has been a shift with increase in import through to 2013, subsequently with 

another increase in domestic hydro and coal. Fuel oil generation has declined 

substantially through the period. Historic generation and generation mix is shown in 

Figure 4-17. 

Cambodia was until recently heavily import dependent on capacity. Between 2009 and 

2013, imports have contributed to a large share of generation growth, being supplied from 

Thailand, Laos and Vietnam. Vietnam had been a main source for the generation growth. 

Subsequently, domestic generation increased substantially, reducing need for imported 

generation. The CAGR for the 2003-2016 period is 20.64%. Figure 4-18 summarises 

historic domestic and imported generation mix. For 
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Source: EDC 

Figure 4-17:  Installed Capacity in Cambodia (2007-2016) 

 

Source: EDC 

Figure 4-18:  Cambodia Domestic and Imported Generation Mix (2003-2016) 

4.5.3 Future Outlook 

The official view for Cambodian power sector development is the Power Development 

Master Plan (PDP), published in 2014. The PDP envisages growth in peak demand, 

generation and capacity planning, largely driven by economic growth assumption. The 

total peak demand is forecasted to grow from 620 MW in 2012 to 3,255 MW in 2030. 

The aggregated peak demand CAGR for the period 2012-2030 is 10.12%. Figure 4-19 

shows the outlook for supply-demand balance through to 2030. For 
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Source: PDP Master Plan 

Figure 4-19:  Cambodia domestic and imported generation mix (2003-2016) 
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5 TOPOGRAPHY 

5.1 Introduction 

As basis for the design reliable topographic maps and geographic (spatial) information 

are required. The aim is to collect relevant topographic and spatial data for the project 

area, in particular:  

 Collection of existing topographic data 

 Collection of existing spatial and geographic information 

 Topographic survey 

All data and information are imported and maintained in a GIS system and shared with 

the CAD applications.  

5.2 Mapping Datum and Coordinate System 

All topographic and spatial/ geographic data used for the study are based on and presented 

using the following reference system:  

Table 5-1:  Datum and Coordinate system  

Characteristic Definition 

Coordinate System WGS84 (World Geodetic System 1984) 

Projection/ Zone Universal Transverse Mercator (UTM), Zone 47/48 North 

Geoid EGM2008 

Vertical Datum HonDau  

Xayaburi Reference System (PL13)  

 

The following topographic data and maps have been collected: 

 Topographic Maps of Laos in scale 1:50,000 

 ALOS PALSAR 12.5 m: high resolution terrain corrected DTM, 12.5 m grid 

resolution, from the Japanese Earth Observation Satellite.  

 SRTM DEM with grid spacing of 3 arc seconds (approx. 80 x 90 m)  

 ASTER GDEM with approx. 28 m grid spacing 

 Mekong River Cross sections from XPCL, from Soupanouvong gauging station to 

about 4 km upstream of the dam site. 

Additionally, the following spatial and geographic information sources have been used 

for collection of spatial and geographic information: 

 OpenStreetMap: Roads, villages, transmission lines 

 GPS tracks: Minor access roads 

 Cadastral map, village boundaries: Provided by Client 
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5.3 Topographic Survey 

5.3.1 General 

Based on the existing and available topographic information a more detailed topographic 

survey is required for the following areas: 

 High accuracy levelling and establishment of control points 

 Drone based topographic survey 

 Airborne LiDAR survey of reservoir area 

 Bathymetric survey of project site 

 Hydrographic survey of reservoir area 

The aim of these surveys and their priority is more detailed in the following chapters.  

5.3.1.1 High Accuracy Levelling and Establishment of Control Points 

Within a low head Run-of-River Cascade the tailwater level of a plant might be 

influenced by backwater effects of the downstream plant. Thus, it is important to have 

the same and uniform vertical datum along the entire cascade. 

The first mainstream project at the lower Mekong River is Xayaburi HPP, Luang Prabang 

HPP and Pak Beng HPP are the two upstream projects. Luang Prabang HPP needs to be 

based on the same vertical datum as Xayaburi HPP, and the impact of Luang Prabang 

HPP on the upstream project Pak Beng HPP has to be studied. 

To ensure a uniform vertical datum for the Luang Prabang HPP project area a high 

accuracy levelling for all established benchmarks along the Mekong River from Xayaburi 

up to Pak Beng was carried out, and additional benchmarks have been established. 

Control Points  

A network of control points has been established and a DGPS survey has been performed 

(see Figure 5-5).  

 

Figure 5-1:  Network of Control Points 
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The DGPS Survey was performed by dual frequency receivers. The receivers were 

simultaneously installed on 9 control points throughout the whole project area. The 

observation period for all baselines was more than 20 hours. The coordinates of the GNSS 

network are based on Xayaburi reference point PL13. 

In additional to the above control points a total of 24 control points have been established 

along the Mekong River between Luang Prabang HPP site and Pak Beng HPP.  

High Accuracy Levelling 

High accurate levelling was performed according to the network as shown in Figure 5-2 

below. 

 

 

Figure 5-2:  High Accuracy Levelling Routes 

All GNSS control points have been determined by levelling in order to verify the 

orthometric height, i.e. undulation value extracted from the Geoid EGM2008.  

The observed differences between EGM2008 and orthometric heights are rather small 

(within 30 cm) and no systematic east-west deviation was observed.  

 

5.3.1.2 Drone based Topographic Survey (LiDAR) 

A drone based topographic survey (LiDAR) was carried out for the right bank project 

area as shown in Figure 5-3. The surveyed area is approx. 6 km2, covering the sites of the 

main structures, site installation, spoil areas and potential quarry sites.  

The survey was carried out using the LiDAR system Riegl MiniVUX-1UAV and a DJI 

Matrice 600 pro drone carrier. A total number of 5 flights at an elevation of 100 m above 

ground were carried out. The point cloud was processed by Asian Aerospace Services. 

The points were classified and filtered and a ground surface was extracted. A point 

spacing of 10-20 cm was achieved, resulting in a point density of 20 points per square 

meter. 

As a result a 3D-mesh with a resolution of 0.50 m and the following accuracies has been 

created: 

Urban and open area:  ± 10 cm 
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Dense canopy:  ± 50 cm 

Additionally and an ortho-rectified aerial image with a ground resolution of 5 cm was 

created. This topographic maps prepared form this survey form the basis for the design 

of the main structures.  

 

Figure 5-3:  Survey Area of Drone Based LiDAR (green) and Bathymetry (red) 

 

5.3.1.3 Airborne LiDAR Survey of Reservoir Area 

A topographic survey (including aerial images) for the entire reservoir area has been 

conducted by Asia Aerospace Services Ltd. covering the entire reservoir area between 

Luang Prabang HPP and Pak Beng HPP. The aim of the survey is as follows: 

 Determination of the inundated area (for normal operation and flood operation) 

 Identification of the impacted areas and resettlement areas 

 Land use classification by remote sensing 

 Biomass clearing study 

 Planning works in the reservoir area (e.g. access roads, resettlement villages, other 

facilities (e.g. boat piers, etc.) 

As the reservoir area is (partly) covered by dense forests, a LiDAR survey is chosen (over 

photogrammetry or satellite based surveys) as the vegetation can be filtered and an 

accurate DTM can be established.  

The airborne LiDAR campaign meets the following specifications: 

Survey Area:  544 km2 

Flight above Ground: 833 m 

Images: 4,981 
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Point distance: 10 cm 

Point density: 5 points/m2 

Aircraft: DA42MPP 

Camera: IGI 60-50 mm 

Sensor: Riegl LMSQ680i  

 

 

Figure 5-4:  Airborne Based LiDAR Survey Area 

Based on the LiDAR scans and photographs the following products are prepared: 

 DTM/DSM point clouds (LAS/ASCI) 

 Contour maps (DXF, DWG) 

 Ortho-rectified aerial images/mosaic (GeoTiff) 

 

5.3.1.4 Bathymetric Survey of Project Site 

A detailed bathymetric survey of the wider project area is needed for: 

 Design of structures in the existing river course 

 Detailed hydraulic CFD analysis of various aspects, such as temp. river diversion 

during construction, optimization of hydraulic design (upstream and downstream 

area, impact of Nam Ou on Luang Prabang tailwater level) 

A bathymetric survey (with single beam echo sounder) of the dam site area, from approx. 

2 km upstream of proposed dam site to approx. 1 km downstream of confluence with 

Nam Ou River, and approx. 1 km of the Nam Ou River from the confluence with the 

Mekong River upstream has been carried out. The survey area is shown in Figure 5-3.  
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The quality of the data has been checked by meshing the measured points. Spikes in the 

data have been mainly eliminated. The bathymetric survey has been further compared 

with the available LiDAR data in the overlapping areas. The differences in the two 

DTM’s in the overlapping areas are very small an indicated with colures in Figure 5-5.  

 

 

Figure 5-5:  Comparison between Drone LiDAR and Bathymetric Survey 

In addition available cross sections (from a survey carried out in January 2016) have been 

compared with the current bathymetric survey DTM. The differences in elevation are 

within 50 cm or smaller and no significant height differences could be detected. 

The accuracy of the bathymetric survey is 0.50 m horizontal and 0.20 m vertical.   

5.3.1.5 Hydrographic Survey of Reservoir Area 

In order to establish a hydraulic model for the backwater calculations river cross sections 

between the Luang Prabang Dam site and Pak Beng Dam site are required.  

River cross section survey every 500 m have been surveyed covering both, the submerged 

river channels as well as the emerged flood plain. This density of topographic points is 

in average about 1 point every 10 m, and was adapted depending on the field 

characteristics; i.e. the point density can be lower in homogenous areas, an higher in areas 

with numerous break lines. The accuracy of the bathymetric survey is 0.10 m horizontal 

and 0.20 m/0.05 m (submerged/above water level) vertical.   

The cross section survey comprise a total of 348 cross sections between Luang Prabang 

HPP and Pak Beng HPP. The data is available as CSV files in geodetic format (Lat.Long) 

and UTM Zone 47 and Zone 48 coordinates. The positions are based on GPS01-24, and 

the heights are based on GNSS elevations using Geoid EGM2008. 

 

5.4 Spatial and Geographic Information 

The following geographical data has been collected from a publicly shared database, 

from OpenStreetMap and has been re-checked with the 1:50,000 topographic maps of 

Laos. 
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 Transmission lines: High voltage TL (500 kV, 230 kV, 115 kV), substations, main 

generators 

 Roads 

 Villages and names 

5.4.1 Topographic Map 

The topographic map used for the feasibility design is a combination of the above listed 

topographic information.  

For the project site the DTM from the drone based LiDAR survey and the DTM of the 

bathymetric survey were combined and transformed into the project coordinate system. 

At the overlapping areas (e.g. outcrops) the elevations were compared  and the DTM with 

the highest resolution was adopted. This combined DTM and the resulting contour maps 

are the basis for the feasibility design of the main construction works. 
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6 HYDROLOGY 

6.1 Introduction 

This chapter covers the hydrological aspects for the Luang Prabang HPP, in particular: 

 Expected inflow at dam site taking into account the impact of the operation of the 

Lancang Cascade 

 Design floods for the dam site  

 Sediments and impact of the Luang Prabang HPP on the sediment balance of the 

Mekong River 

 Impact of Climate Change 

For the inflow analysis long time series are available for the Mekong River since the 

1960’s. The upstream Lancang Cascade and their large storage schemes have a 

considerable impact on the inflow characteristics, and only about 4 years of “impacted” 

flow series are available. Thus the “natural” time series needs to be transformed to reflect 

the large upstream storage schemes of the Lancang Cascade. This is done with a water 

balance model which takes into account the operation of the Lancang reservoirs. 

The design floods are determined based on a statistical approach and a PMP/PMF 

analysis is carried out, applying existing PMP estimates in the hydrological model of the 

Mekong basin.  

6.2 Overview of Previous Studies 

A study on Luang Prabang’s hydrology was carried out by CNR (2009): Department of 

Electricity, Department of Energy Promotion and Development, Ministry of Energy and 

Mines - Lao PDR: Optimization study of Mekong Mainstream Hydropower Final Report. 

Another study on the hydrology was done by Power Engineering Consulting JS Company 

1 (2010): Luang Prabang Hydropower Project: Feasibility Study, Meteo-Hydrological 

Conditions 

6.3 Catchment 

6.3.1 Mekong Basin 

With a length of about 4,900 km the Mekong River is among the longest rivers in the 

world. It drains a total area of 795,000 km2 and flows through six countries. The average 

discharge at its mouth into the East Sea of Vietnam is about 15,000 m3/s, or a mean annual 

runoff of 470,000 million m3.  
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Figure 6-1: Mekong Basin and Neighboring Countries 

Table 6-1: Catchment Area and Flow of Mekong River Basin Countries 

Country Catchment Area 
[km2] 

Catchment  
 % of MRB 

Flow  
% of total flow 

China 165,000 21% 16% 

Myanmar 24,000 3% 2% 

Lao PDR 202,000 25% 35% 

Thailand 184,000 23% 18% 

Cambodia 155,000 20% 18% 

Vietnam 65,000 8% 11% 

Total 795,000 100% 100% 
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The Mekong River Basin’s biodiversity is immense, and is fundamental to the viability 

of natural resource-based rural livelihoods of about 60 million people living in the Lower 

Mekong Basin. 

 

Figure 6-2:  Mekong River Catchment at Luang Prabang Dam Site  

6.3.2 Physiography 

From the eastern watersheds of the Tibetan Plateau the Mekong River flows through three 

provinces of China, continuing into Myanmar, Lao PDR, Thailand, Cambodia to the 

Mekong Delta in Vietnam. The Mekong River Basin includes seven broad physiographic 

regions featuring diverse topography, drainage patterns and geomorphology (see 

Figure 6-3). 

The source of the Mekong River is at the Tibetan Plateau, the world’s most densely 

glaciate region located at more than 5,000 m above sea level. The Three Rivers Area is 

aptly named as the Mekong, Salween, and Yangtze all run alongside one another in a 

rugged mountainous region. The Mekong flows about 500 km through a deep ravine with 

no significant tributaries in this stretch.  

The Lancang Basin south of the Three Rivers Area is a highland and plateau about 2,000 

to 3,000 m above sea level. The Mekong flows down a steep gradient and transitions to 

mid and lowland reaches. Smaller tributary catchments drain into the river from both 

sides. 
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The Northern Highlands form the upland region covering northeastern Myanmar, 

northern Thailand, and the northern areas of the Lao PDR. Large tributaries like the Nam 

Ta, Nam Ou, Nam Suang, Nam Khan, Nam Mae Kok and Nam Mae Ing join the Mekong 

River.  

The Khorat Plateau is a lower terrain in northeastern Thailand, consisting mainly of 

sediment and eroded bedrock and surrounded by a rim of sandstone. The main tributaries 

in this area are the gently sloping Songkhram and Mun Rivers on the right bank and the 

steep Nam Ca Dinh, Se Bang Fai, and Se Bang Hiang Rivers on the left bank. 

 

 

Figure 6-3: Physiographic Regions of the Mekong Basin (source: MRC) 

The Mekong River flows into the Tonle Sap Basin through a broad valley just north of 

Pakse. The Tonle Sap Basin is a large alluvial plain surrounded by hills. At the southern 

end of the Basin, the mainstream breaks up into a complex network of branching and 

reconnecting channels. 

The western and central parts of the Tonle Sap Basin make up the Great Lake, also 

known as the Tonle Sap Great Lake, located in the Cambodian floodplain. During the dry 
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season the Great Lake drains into the Mekong River, during the wet season, the high 

flows in the Mekong River cause the Tonle Sap River to reverse flow and the Great Lake 

floods. 

The Mekong Delta begins near Phnom Penh and ends up as a huge flat plain in southern 

Vietnam. Near the mouth the Bassac River branches away from the mainstream, and both 

rivers split up into a number of smaller distributaries, forming the plains of the Mekong 

Delta. 

6.3.3 Macroclimate 

The climate in Lao PDR can be described as tropical monsoon climate, characterized by 

strong Monsoon influence with high rainfalls, high humidity and considerable amount of 

sun. There are two distinctive seasons in Laos, the dry season in winter and the rainy and 

humid season in summer. Regions in the mountains have a slightly cooler, more 

temperate climate.  

The pronounced rainy season is from May through October with rainfalls between 

120 mm and 290 mm, with the rainiest months August and September. The dry season is 

relatively cool from November to February, and hot in March and April before the 

Monsoon rains start. The Monsoon rains are general irregular in start of the rains, duration 

and intensity.  

The average annual rainfall in Luang Prabang area is about 1,360 mm; the coldest month 

is January with an average temperature of 20.5°C (minimum 1°C), and the hottest month 

is April with an average temperature of 28.1°C (maximum 44.8°C). With raising altitude 

the climate gets cooler and rainier, with more frequent pre-monsoon showers and 

abundant rains in the monsoon period. 

6.4 Data Collection and Processing 

The hydrological data collected and used for this study is summarised in this Chapter. 

6.4.1 Discharge Data 

Water level and discharge data were available from gauging stations at the Mekong River 

and selected tributaries as shown in Figure 6-4 for the periods and timely resolution as 

listed in Table 6-2. At the Mekong mainstream long time discharge data (starting in 1960) 

are available for two gauging stations, Chiang Saen upstream of the project site close to 

the border triangle between Lao PDR, Thailand and Myanmar, and Luang Prabang 

downstream of the site.  
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Figure 6-4:  River Gauging Stations at the Mekong Mainstream 

 

Table 6-2: Overview of Available Flow Data of Mekong River and Tributaries  

Gauging Station River Daily Data Hourly Data 15 min Data 

Luang Prabang Mekong 05/60–10/18   

Chiang Saen Mekong 05/60-10/18   

Ban Xiengkok Mekong  05/16-10/18  

Ban Tonpheung  Mekong  04/16-10/18 04/16-11/16 

Pakbeng Bridge  Mekong  09/16-10/18  

Soupanouvong Mekong  07/16-10/18  

Xayaburi d/s Mekong   04/16-11/16 

Muang Ngoy  Nam Ou 01/88-12/17  08/15-11/16 

Ban Hat Nga Nam Ou   08/15-11/16 

Ban Mixay Nam Khan 01/88-12/17  08/15-11/16 

Ban Sibounhom Nam Suang 01/87-12/14   
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6.4.2 Precipitation 

Precipitation data sets have been collected and used from the following sources: 

 GPCC (Global Precipitation Climatology Centre of the German Meteorological 

Service DWD, gridded ground observations (see also 

https://www.dwd.de/EN/ourservices/gpcc/gpcc.html)  

 APHRODITE (Asian Precipitation - Highly-Resolved Observational Data 

Integration Towards Evaluation -  daily gridded precipitation (see 

http://www.chikyu.ac.jp/precip/) 

 TRMM (Tropical Radar Rainfall Mission, a joint US-Japan remote sensing mission 

(see http://trmm.gsfc.nasa.gov/) 

 GPM (Global Precipitation Measurement see 

https://www.nasa.gov/mission_pages/GPM/main/index.html ) 

 GSOD data (Global Surface Summary of the Day – GSOD; station data; 

https://catalog.data.gov/dataset/global-surface-summary-of-the-day-gsod) 

6.4.3 Evapotranspiration 

The gridded evapotranspiration dataset of CRU (Climate Research Unit of the University 

of East Anglia; http://www.cru.uea.ac.uk/data) was used. It calculates potential 

evapotranspiration based on the Penman-Monteith formula.  

6.4.4 Temperature 

Two temperature data sets have been used:  

 CRU (Climate Research Unit of the University of East Anglia; Gridded temperature 

dataset of; http://www.cru.uea.ac.uk/data) 

 GSOD data (Global Surface Summary of the Day – GSOD; station data; 

https://catalog.data.gov/dataset/global-surface-summary-of-the-day-gsod) 

6.5 Hydro-Meteorological Characteristics 

6.5.1 Precipitation 

The catchment area of the Mekong River on Chinese territory shows low precipitation 

below 1000 mm/y in the North. The precipitation gradually increases towards the South. 

In Laos the mean annual precipitation reaches values up to 2000 mm (see Figure 6-5). 
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Figure 6-5:  Precipitation Datasets for the Mekong Catchment: GPCC data (left) and 
TRMM data (right) 

6.5.2 Temperature & Evapotranspiration 

The CRU dataset shows a potential evapotranspiration of below 800 mm in the northern 

part of the catchment in China. The values gradually increase up to 1200 mm towards the 

south (Figure 6-6).   
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Figure 6-6:  Potential Evapotranspiration of Mekong Catchment 

6.6 Inflow Hydrology 

The following chapters present the most important information on the model structure, 

the input data, the calibration and simulated results. Additional information can be found 

in Volume 6.1 - Annex Hydrology, Section 1 – Rainfall Runoff Model. 

6.6.1 Discharge Time Series 

Long discharge time series on the Mekong River in the project area are available at 

Chiang Saen and Luang Prabang gauge (Figure 6-7). The biggest lateral inflow between 

these two gauges is the Nam Ou, which flows into the Mekong directly downstream of 

the proposed location of Luang Prabang hydropower plant. Smaller tributaries are the 

Nam Khan and Nam Suang. 

In order to be able to estimate the share of inflow to Luang Prabang HPP from the sub-

catchment between the gauges Chiang Saen and Luang Prabang as well as the impact of 

the Lancang Cascade a water balance model was set up. For 
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Figure 6-7:  Gauges and sub-catchments 

6.6.2 Water Balance Model 

The water balance model is applied to simulate long and consistent time series of runoff 

in the Mekong basin and to analyze the impact of upstream hydropower development. 

The daily water balance model used in this study has been already applied extensively in 

many climatic regions of the world, among others in the Alps, southern Africa and the 

Philippines. The conceptual structure of the model is similar to the well-known HBV-

model.  

Inputs to the model are daily values of precipitation, temperature and potential 

evapotranspiration. The model determines rainfall from precipitation data, considering 

interception storage in the vegetation layer. Actual evapotranspiration is a function of soil 

moisture and potential evapotranspiration. Runoff generation is a non-linear function of 

soil moisture. The generated runoff is split into fast and slow components to simulate 

different response times of surface-flow and base-flow.   

Figure 6-8 shows a schematic representation of the model structure. The depicted 

processes are calculated for each spatial element of the model, with all flows in the unit 

of millimeters.  

The rainfall runoff model covers the whole catchment area of the Lancang/Mekong from 

its source to the gauge Luang Prabang. It is divided into 18 sub-basins. For each sub-
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basin outlet (e.g. the gauges and Luang Prabang HPP), runoff is transformed to 

streamflow in m³/s and streamflow is accumulated according to the topology of sub-

basins.   

 

Figure 6-8:  Conceptual Structure of the Applied Water Balance Model  

6.6.2.1 Input 

Precipitation  

Since no available precipitation data set covers the whole period for which discharge data 

is available a continuous precipitation time series was constructed from various sources. 

This was done by combining TRMM, Aphrodite, GPCC and GPM precipitation data. 

From 1951 to 31/10/1998 the daily variation of the Aphrodite dataset was combined with 

monthly GPCC precipitation sums. From 01/11/1998 to 30/05/2016 the same procedure 

was done with the daily variation of the TRMM data. From 01/06/2016 to 31/10/2018 the 

GPM data was used with a correction factor.  

Temperature  

Until 15.12.2017 the temperature input is based on CRU monthly values interpolated on 

daily time-steps; since 16.12.2017 it is based on interpolated GSOD station data.  

Lancang Cascade  

The hydropower plants of the Lancang Cascade are implemented in the model as 6 

computation points: 

 Gongguoqiao 

 Xiaowan  

 Manwan 

 Dachaoshan 

 Nuozhadu 

 Jinghong 

Each hydropower plant is represented with a volume-area-elevation relation, simplified 

operation rules and its operation start date. 
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6.6.2.2 Simulation Results of Natural Streamflow for the Calibration Period 

The most relevant points of calibration are the outlet of the sub-basin of Chiang Saen 

Gauge and Luang Prabang gauge for which long time series beginning in 1960 are 

available. Additionally the discharge observations from Muang Ngoy, Ban Sibounhom 

and Ban Mixay were used. The calibration was done taking into account the operation 

start date, the impoundment of the reservoirs and the operation of the hydropower plants 

at the Lancang. 

Figure 6-9 shows as an example of the results of daily discharge simulations at Chiang 

Saen and Luang Prabang Gauge for the period of 1980 to 1989. In Figure 6-10 the 

comparison of the observed and simulated mean monthly flow for the period of 1961 to 

1990 is presented. 

 

 

  

Figure 6-9: Comparison of Observed and Simulated Discharge (1980 – 1989) 

  

Figure 6-10: Comparison of Mean Monthly Flows at Chiang Saen and Luang Prabang 
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6.6.2.3 Impact of Lancang Cascade on Discharge at Luang Prabang 

To estimate the future inflow to Luang Prabang HPP the operation of the Lancang 

Cascade has to be taken into account; therefore the model output for the period 1960-

2018 cannot be used directly as the inflow time series. For this reason a model run was 

done from 1951 to 2018 assuming that the hydropower plants at the Lancang Cascade 

were operating during the whole period which leads to the best estimation of the future 

inflow at Luang Prabang HPP. 

Figure 6-11 shows the coefficients for the relative flow change at Chiang Saen on a 

monthly basis due to the impact of the Lancang hydropower plants, and compares the 

results of the current simulations with values developed by the MRC (20051).  The current 

estimates show an increase of inflow for the dry season months of February to May that 

is even higher than anticipated by MRC.  

 

 

Figure 6-11: Comparison of the Relative Discharge Change at Chiang Saen – Model to 
MRC Factors 

The impact of the Lancang Cascade on the Luang Prabang HPP inflow is shown in Figure 

6-12. The blue graph shows the duration curve for the natural inflow of the period 1960 

to 1990 (this period has been selected to have undisturbed flow conditions), and the green 

graph shows the results of the hydrological model taking into account the Lancang 

Cascade for the same time period. The flood peaks are slightly lower, while the dry season 

flows are significant higher than the natural inflow and well above 1,100 m3/s.  

The orange graph shows the transformation of the inflow series using the MRC Factors. 

This graph is somehow between the natural inflow and the simulated inflow series.  

                                                 
1 The MRC Basin Development Plan, BDP Library Volume 7 September 2005, MRC Decision Support Framework (DSF) and BDP 
applications; Mekong River Commission 
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Figure 6-12: Impact of the Lancang Cascade on the Flow Duration Curve at Luang 
Prabang HPP site 

 

6.6.3 Inflow Time Series Luang Prabang HPP Site 

The calculated inflow time series (1951-2018) for Luang Prabang HPP, considering 

operation of the Lancang cascade, leads to a mean annual flow is 3,293 m³/s.  

Figure 6-14 shows the mean monthly discharges at Luang Prabang HPP site, and Figure 

6-15 depicts the resulting flow duration curve for Luang Prabang HPP.  

 

 

Figure 6-13: Inflow Series 1951 to 2018 for Luang Prabang HPP Site 
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Figure 6-14: Mean Monthly Discharge Luang Prabang HPP Site 

 

 

Figure 6-15:  Flow Duration Curve for Luang Prabang HPP Site  

6.7 Flood Hydrology 

6.7.1 Statistical Analysis 

This chapter describes the Flood Frequency Analysis carried out for the Luang Prabang 

HPP. Additional information and data can be found in Volume 6.1 - Annex Hydrology, 

Section 2 – Flood Frequency Analysis.  

The flood frequency analysis for Luang Prabang HPP was carried out with the Annual 

Maximum Series (AMS) from 1960-2009 for Luang Prabang Gauge and 1960-2018 for 

Chiang Saen Gauge.  

The data of the two gauges was used directly since no impact on the flood peaks from the 

Lancang reservoirs is expected. Each peak of the AMS occurred during the months of 

July and October when the reservoirs are filled. Additionally the meteorological data 

shows that the storm events mainly take place downstream of the Lancang reservoirs.  
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Since there were doubts about the reliability of some peaks for Luang Prabang gauge only 

the peaks until the year 2009 were used (from 2006 to 2009 the peaks were taken from 

the Annual Mekong Flood reports by the MRC2). For Chiang Saen the peaks of the years 

2006 to 2008 were also taken from these reports. 

As the observation records are daily mean values and no instantaneous discharge data is 

available in the region, maximum flood peaks were estimated based on a method 

proposed by Sangal (1983). Sangal’s approach relates the flood peak with daily mean 

data of the day of the peak and the previous and the following day:  

𝑄max = (4 ∙ 𝑄2 − 𝑄1 − 𝑄3) / 2  

with  Q1  daily mean Q on day preceding the flood peak  

  Q2  daily mean Q on day of flood peak  

  Q3  daily mean Q on day after the flood peak 

The FFA was done applying the software tool HQ-Ex by DHI-Wasy. This tool features 

several extreme value distributions and methods of parameter fitting. All available 

distributions are fitted to the observations.The design flood estimates were calculated as 

the mean of the results of all applied distributions.  

The Creager formula was used to calculate the discharge values for the return intervals 

of interest for the Luang Prabang HPP site from the results for Chiang Saen and Luang 

Prabang Gauge. 

Design Floods 

The resulting design floods for Luang Prabang HPP site are listed for different return 

periods in Table 6-3, and shown graphically in Figure 6-16. 

Table 6-3:  Flood Discharges for Different Return Periods  

Return interval Q LP HPP [m³/s] 

2 12,800 

5 16,200 

10 18,200 

20 20,000 

30 21,000 

50 22,200 

100 23,800 

200 25,300 

500 27,300 

1,000 28,800 

5,000 32,100 

10,000 33,500 

                                                 
2 Mekong River Commission (2006-2009): Annual Mekong Flood reports; see: www.mrcmekong.org  
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Figure 6-16:  Design Flood Values for Luang Prabang HPP Site  

Dry Seasons Floods 

The dry season is defined as the time between January and May. For this period a series 

of annual dry season maxima was developed for the gauges of Chiang Saen and Luang 

Prabang. Dry season flood estimates for the two gauges were calculated as described 

above for the annual maxima. To calculate the discharge values for the investigated return 

intervals for Luang Prabang HPP the Creager formula was used.  

Application of the flood estimation procedure with results of the hydrological model 

(instead of observations) for simulations with and without considering upstream 

hydropower operation shows a tendency of lower dry season peaks under influence of  

the Lancang Cascade. Due to uncertainties in the peak simulation, the dry season flood 

estimates were based on observed historical discharge data, and are therefore estimated 

slightly conservatively.  

Table 6-4:  Dry Season Flood Discharges for Different Return Periods 

Return interval Q LPQ [m³/s] 

2 2,300 

5 3,100 

10 3,700 

20 4,300 

30 4,600 

50 5,100 

100 5,700 

200 6,300 

500 7,100 

1,000 7,800 
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6.7.2 Probable Maximum Flood 

The Probable Maximum Flood (PMF) is estimated by applying a Probable Maximum 

Precipitation (PMP) storm as input for the hydrological model of the Mekong basin (see 

Section 6.6.2). The PMP storm is constructed based on a comprehensive meteorological 

study for the Mekong basin by the U.S. Weather Bureau (19703). 

Probable Maximum Precipitation 

The PMP study of the U.S. Weather Bureau is based on analysis, adjustment and 

maximization of extreme storm in the region, providing a general methodology and 

generalized maps to determine PMP storms based on the location of the storm in the 

Mekong basin and the catchment area affected by the storm. One of the main results of 

the study is a map of 24-hour PMP depth for areas of 5,000 km² for the middle and lower 

Mekong basin (Figure 6-17).    

 

Figure 6-17:  24-hour 5000 km² PMP map by the U.S. Weather Bureau 

For the main Mekong River and its large catchment areas, the U.S. Weather Bureau 

Report provides specified PMP storms for three different parts of the catchment, and a 

set of assumptions concerning previous and surrounding rainfall. The map showing the 

                                                 
3 U.S. Weather Bureau (1970): Probable Maximum Precipitation, Mekong River Basin. Hydrometeorological Report 

No.46. U.S. Department of Commerce and U.S. Department of the Army, Washington D.C. 
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isohyets of these PMP storms, with a zoomed-in excerpt for the storm north of Luang 

Prabang, is shown in Figure 6-18. 

 

Figure 6-18:  PMP isohyets for Main Mekong River PMF by the U.S. Weather Bureau 

As the center of the northern storm of the map in Figure 6-18 is located almost 200 km 

upstream of Luang Prabang HPP, and as PMP storm depths are lower further north (see 

map in Figure 6-17), another storm was constructed by shifting the storm pattern of 

Figure 6-18 100 km south. Due to the higher precipitation depth and closer location, this 

shifted storm leads to higher PMF discharges at Luang Prabang HPP, and was therefore 

adopted as design PMP storm. Both PMP storms are depicted in Volume 6.1 - Annex 

Hydrology, Section 3 – Probably Maximum Flood. 

The left graph in Figure 6-19 shows the depth-area-relation of the storm in the U.S. 

Weather Bureau map (“USWB storm” in the graph), and for the shifted storm. The right 

graph shows the temporal distribution of precipitation depths for a prior storm of 3 days 

and the PMP storm of 3 days for the center of the storm, with the peak value according 

to the shifted map values. The depths of the four days preceding the PMP peak and the 

day after are constructed as specified in the U.S. Weather Bureau Report. 

According to the procedure described there, precipitation was distributed in space as 

shown in the map for the peak days of the prior and the PMP storm. Precipitation for the 

days around the peak days was distributed uniformly in space within the PMP storm 

extent. 
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Figure 6-19:  Left: PMP Depth-Area Relation; Right: Temporal Development of the PMP 
for the Center of the Shifted Storm 

Due to the large catchment area, and the related travel time of river discharge, 

precipitation input was also specified for the weeks preceding the double-peak PMP 

event. The values were again based on assumptions in the U.S. Weather Bureau Report, 

by fitting a smooth curve to monthly mean values described there (see Figure 6-19). As 

the purpose of this preceding rainfall is only to reach a certain (high) level of discharge 

before the PMP storm, a more realistic temporal distribution was not considered. The 

spatial distribution of preceding precipitation was based on the spatial pattern of mean 

monthly precipitation.  

 

  

Figure 6-20:  Assumed Synthetic Rainfall Development in the Weeks Before the PMP 
Double-Peak Storm Event for the Catchment Directly Upstream of Luang 
Prabang 

Results 

The application of this preceding rainfall and the PMP storm as input data for the 

hydrological model of the Mekong basin (described in Section 6.6.2) yielded the PMF 

discharge simulation for Luang Prabang HPP shown in Figure 6-21, with a discharge 

peak of 41,400 m³/s.  

Due to the temporal development of the preceding rain, as suggested by the U.S. Weather 

Bureau, with slightly decreasing precipitation in September, before the double-peak PMP 

storm, simulated Mekong discharge also slightly drops in September, from its highest 
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value in the end of August. However, the discharge directly before the first extreme storm 

is considered sufficiently high: for Chiang Saen, the value on the day before the start of 

the double-peak storm is 12,560 m³/s. This value is significantly higher than the highest 

ever recorded discharges before observed flood events at Chiang Saen, of 9,600 m³/s (in 

1971), 8,900 m³/s (in 1970), and 8,200 m³/s (in 1966), and is therefore considered 

sufficiently conservative for a PMF estimation. 

 

 

Figure 6-21:  PMF Simulation for Luang Prabang HPP 

 

6.8 Sediment Transport 

6.8.1 Introduction 

Sediment transport in rivers is a complex phenomenon. Its assessment requires the 

collection of various data samples. Erosion and deposition have to be analysed within the 

river and its floodplains. In this study phase, sediment issues of Luang Prabang HPP have 

been assessed mainly based on existing studies. In the upcoming project phases, 

additional data collection and sampling shall be performed within the specific 

investigation programme. Furthermore, the application of a numerical sediment transport 

model shall specially assess the sediment transport with in the Luang Prabang project 

area.  

The sediment regime at the project site on the Lower Mekong River is highly influenced 

by the upstream developments, mainly in China. Three main periods can be distinguished 

in recent history: 

 From 1960 to 1990 land clearing activities took place without major dam 

developments on the Mekong River (pre-dam construction) driven by population 

growth, deforestation and agricultural expansion. 

 From 1990 to 2000 mainstream hydropower schemes (Lancang Cascade) were 

developed on the Lancang River in China (post-dam construction), starting with the 

construction and operation of Manwan Dam in 1993. 
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 From 2000 to 2010 mainstream hydropower development was intensified. At the 

same time, soil conservation strategies under Chinese governments “Green for 

Grain” program were developed and implemented. 

 Various sediment transport processes are known and defined, such as washload (very 

fine particles not settling), uniform suspended load (rather fine particles uniformly 

distributed over the vertical water column), graded suspended load or turbidity 

currents (coarser particles with a gradation in vertical direction) and bedload (coarse 

material). 

6.8.2 Literature Review 

Several studies on sediment transport of the Mekong River have been carried out. At this 

stage of the project, the relevant data for the design works was taken from these sources. 

However, the data sets need to be reassessed and updated during the upcoming project 

development: 

[1] Sediment-related impacts due to upstream reservoir trapping, the Lower Mekong 

River; Matti Kummu and Olli Varis, Elsevier Geomorphology 85, October 2006; 

[2] Hydrology & Sediment Baseline Assessment Working Paper - Volume II, ICEM - 

International Centre for Environmental Management, Mekong River Commission 

(MRC), March 2010; 

[3] The MRCS Xayaburi Prior Consultation Project Review Report – Annex 3 Review 

of Sediment Transport, Morphology, and Nutrient Balance, Sediment Expert 

Group, Mekong River Commission Secretariat (MRCS), March 2011; 

[4] Changes in sediment load of the Lancang-Mekong River and its response to the 

hydro-power development, Liu et al., 4th International Conference on Estuaries and 

Coats, Vietnam, October 2012; 

[5] Assessment of Xayaburi dam impact on solid transportation - Draft Final Report of 

Step 1; CNR ingénierie, Ministry of Energy and Mines - LAO PDR, February 2013; 

[6] Characterization of grain-size distribution of Mekong River sediments (from 

Chiang Saen to Nong Khai), CNR ingénierie, Ministry of Energy and Mines - LAO 

PDR, June 2013; 

[7] Assessment of Xayaburi dam impact on solid transportation – Draft Final Report of 

Step 2, CNR ingénierie, Ministry of Energy and Mines - LAO PDR, December 

2013; 

[8] Discharge Sediment Monitoring Project (DSMP) 2009 – 2013 Summary & 

Analysis of Results, L. Koehnken, Mekong River Commission (MRC), July 2014; 

[9] Summary report of decision support for generating sustainable hydropower in the 

Mekong Basin - Draft 2, MRC Information & Knowledge Information Program 

(IKMP) & Word Wide Fund for Nature (WWF), Mekong River Commission 

Secretariat (MRCS), November 2014; 

[10] Scoping Report for Luang Prabang Hydropower Project, POYRY Energy Ltd., 

February 2019. 

In the following section the most relevant literature is presented and the results briefly 

summarized. 

In [1] the sediment regime of the Mekong River is explained. Unlike other large alluvial 

rivers only little sediment exchange between channel and floodplains occurs in the Upper 
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Mekong River upstream of Cambodia, meaning that most sediment is stored inside the 

channel. As shown for the suspended sediment concentration (SSC) and total suspended 

solids (TSS) for the Chiang Sean (at the border to China) and Luang Prabang stations in 

Table 6-5, a considerable reduction in suspended sediments by about half at Chiang Saen 

is recorded after the Chinese Lancang Cascade erection (post-dam). 

Table 6-5:  Summary of the Suspended Sediment Data Availability in Lower Mekong 
Basin [1] 

 

In [2] the uncertainties on the available sediment data are discussed. Measurements of 

suspended sediment concentration (SCC) are considered as more relevant than than 

measurements of total suspended solids (TSS). The sediment load from the Upper 

Mekong Basin is estimated to 85 Mt/y which corresponds to about 50% of total sediment 

load of the entire Mekong River. When the complete Lancang Cascade is in operation the 

total annual sediment load that enters Chiang Saen is estimated to reduce to 15-17 Mt/y. 

The mean annual sediment load of Nam Ou is stated to be at approx. 6.2 Mt/y. The 

reduction of bedload inflow due to the Lancang Cascade is expected to be nearly 100% 

leading to reduction of the in-channel storage zones. The effects are expected to become 

noticeable within a few seasons immediately downstream to the Lancang Cascade, 

however, will take several decades to reach sections further downstream. 

In [3] estimates of the relative sediment contribution are provided, resulting in 45% from 

upstream of the Chinese border, 5% from sections between the Chinese border and Pak 

Chom (100 km upstream Vientiane) and 50% from downstream sections to the delta. 

Based on different hydropower development scenarios reflecting dam projects on the 

main river and its tributaries in China and Lao PDR sediment and morphological impacts 

are assessed, clearly indicating that nearly no sediment passes the Lancang Cascade due 

to its enormous storage capacity. Thus, a reduction of the downstream sediment content 

by 90 to 100% is expected, corresponding to 61.3 to 69.0 Mt/y. 

In [4] the mean annual sediment loads for various stations along the Mekong River are 

given for the period between 1962 and 2003. In disagreement with other publications the 

impact of the Lancang Cascade on the downstream sediment regime is considered as 

insignificant. The sediment reduction caused by the Manwan Dam does not extend 

beyond Chiang Saen due to additional sediment inputs from tributaries as well as 

increased riverbed and soil erosion.  

In [5] the actual annual sediment load at Xayaburi downstream of Luang Prabang is 

105 Mt/y with an inter-annual variation of 50 to 135 Mt/y. Furthermore for the next 20-

30 years a decrease of the incoming sediment load at Xayaburi reservoir is estimated. 

In [6] the morphological characteristics of the Mekong River section between Chiang 

Saen (km 2365) and Ban Mak Nao (km 1520) are given. It was developed for the 

Xayaburi HPP. The project area of Luang Prabang HPP is within the so-called “river unit 

For 
PNPCA O

nly



Luang Prabang HPP  115002924 
Feasibility Study Report  54 
 

 

Copyright © Pöyry Energy Ltd. 

4”, corresponding to reach between Ban Nam Tin (km 2291) and Pak Ou (km 2033). The 

river morphology is characterized as follows: 

 Near-straight channel bounded by sharp bends; 

 Deeply cut in bedrock in a narrow valley with steep highlands; 

 Sediment deposits mainly composed of sand accumulated around emerged rocky 

outcrops and in depressions along the banks; 

 Sediment supply through tributaries Nam Tha and Nam Beng; 

 River width is between 50 to 100 m for low flow conditions, and 200 to 300 m at 

board full discharge; 

 Channel slope between 0.25-0.30 m/km. 

In [7] several methods on how to estimate washload, suspended sand and bedload are 

explained. Due to the presence of the Lancang Cascade the decrease of washload will 

proportionally increase the bed material quantities (suspended sand and bedload) within 

the total sediment load. The impact on the bed materials is supposed to be high but will 

be compensated for the moment due to tributary supplies and considerable in-channel 

stocks. It is assumed that the sediment load at Xayaburi will strongly decrease over the 

next years. 

In [8] discharge and suspended sediment measurements are assessed at 15 locations along 

the Lower Mekong River. The results show a significant decrease in sediment transport 

over the period, especially due to the reduced sediment inflow coming from China, which 

is reduced from approx. 84.7 Mt/y (pre-dam) to 10.8 Mt/y (post-dam) at Chiang Saen. 

The actual estimate for Luang Prabang is about 22.3 Mt/y. The total suspended sediment 

load within the Lower Mekong Basin is estimated to have decreased from 160 Mt/y to 

72.5 Mt/y. Approximately 60% of the sediment load is transported in August and 

September and 80% between July and October. 

The suspended sediments in the section between Chiang Saen and Luang Prabang are 

dominated by sand (medium to fine fractions). Bedload in Chiang Saen is dominated by 

gravel, pebbles and coarse sand and is estimated to an amount of 1.6 Mt/y (corresponds 

to 15% of suspended load). The sediment budget for sand, silt and clay in the Lower 

Mekong River Basin based on the average annual sediment loads (from rating curves) 

and average grain-size distribution is given in Table 6-6. 

Table 6-6:  Sediment Budget for Sand, Silt and Clay in the Lower Mekong River Basin 
[8] 
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In [9] an updated estimate on the total suspended sediment load of approx. 72 Mt/y is 

given. This is considerable reduction compared to former estimates of up to 160 Mt/y. 

The main reason for this reduction is the capture of sediment in the Lancang Cascade as 

well as in reservoirs on the tributaries. For Chiang Saen a proportion of up to 85% 

(9.2 Mt/y) of the suspended load is stated as sand size material, which may be transported 

as bedload as well as suspended load depending on the size and time phase of a flood. It 

is assumed that much of the previously described imbalances in the sediment budget of 

the Mekong may be addressed to the phenomena that sand is transported via different 

mechanisms in different reaches.  

Changes of transport processes between bedload, graded suspension and uniform 

suspension can lead to variability in suspended sediment concentrations, considered to be 

the main reason for the “imbalance” in sediment loads along the Mekong River. In the 

relevant section for Luang Prabang HPP the following sediment transportation processes 

occur: 

 Silt and clay is transported as washload (as it is also for the whole Lower Mekong), 

and only very little amounts are deposited. 

 Sand is transported as graded suspension (during flood peaks) and also as bedload 

(at rising and receding flood conditions). 

 Cobbles and gravel is transported as bedload. 

In regard of sand and gravel mining in the Lower Mekong, only very limited volumes are 

extracted upstream of Vientiane (87.000 m³ of sand, no gravel and 7000 m³ of cobbles). 

The highest amounts of sediment extraction is done in Cambodia (~ 60%) 

In [10] some basic values of total sediment load can be found. Additionally quite actual 

measurement data which are originating from MRCS are included.  

6.8.3 Trend Analysis 

A trend analysis of sediment concentrations at Chiang Saen has been carried out. The 

analysis is based on monthly suspended sediment loads from 1962 to 2012 (with major 

gaps and inconsistencies) and monthly flow rates from 1962 to 2014, both provided by 

the Thai Department of Water Resources (the trend analysis of the sediment data for 

Chiang Saen can be found in Volume 6.1 - Annex Hydrology, Section 4 – Trend analyses 

sediment concentrations Chiang Saen). 

The data has been converted to mean sediment concentrations and plotted against time. 

For the period between 1976 and 1992 no sediment data was available. The period is 

divided into pre-dam and pro-dam periods, reflecting the development of the Lancang 

Cascade starting from 1993 with the Manwan Dam. Figure 6-22 shows the trend analysis 

for the 12 months of the year.  
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Figure 6-22:  Trend Analysis of Suspended Sediment Concentration for Calendar 
Months for Pre-dam (Pre-Manwan) and Post-dam (Pos-Manwan) periods 

 

 

Figure 6-23:  Trend Analysis of Annual Suspended Sediment Concentration for Pre-
dam (Pre-Manwan) and Post-dam (Pos-Manwan) periods 

6.8.4 Conclusions 

The reduction of suspended sediment in the Lower Mekong River due to the Lancang 

Cascade development in China from 1993 as well as the erection of hydropower schemes 

on the tributaries is documented by many sources as well as by the assessment of 

available data sets. The reduction of bedload as a result from the sediment retention of 

Lancang Cascade is probably delayed due to compensation by existing in-channel storage 

erosion [7]. Due to the high trapping efficiency of the large storage volume of the 

Lancang Cascade, the downstream sediment regime will be altered over a very long 
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period of time. However, the reduction of sediment load caused by the Lancang Cascade 

depends on the distance in downstream direction. At Luang Prabang the impact of the 

Manwan Dam erection in 1993 was recorded in 1997 [7]. 

While in former studies the total sediment load of the Mekong River was mostly 

estimated to a value of about 160 Mt/y, recent investigations indicate lower values of 

about 72 Mt/y [8]. However, more conservative estimates expect sediment loads up to 90 

to 120 Mt/y for Luang Prabang [4].  

For this study, total sediment loads (washload, suspended and bedload) of about 

110 Mt/y pre-dam and 20 to 24 Mt/y post-dam are considered for the Luang 

Prabang HPP site. Latter mainly occurs as suspended fraction.  

The bedload estimate for Chiang Saen based on measurements is of about 1.6 Mt/y. The 

mean annual sediment load of Nam Ou, downstream of Lang Prabang HPP, is of 

approximately 6.2 Mt/y. 

The grain size distribution at Luang Prabang HPP site is of about 80% sand (mostly fine 

sand with up to 25% of medium sand) and 20% silt. An estimate of the sediment rating 

curve for the dam site is given in [8]. The rating curves for Chiang Saeng and Luang 

Prabang are quite similar. 

Sediment deposits mainly consist of sand size fractions characterized by d50 in the range 

of 0.25 to 0.45 mm. They are accumulated around emerged rocky outcrops or on 

depressions along the banks. Some sediment supply appears through the tributaries, such 

as Nam Tha and Nam Beng. However, larger sediment sources are located downstream 

of the planned dam site, such as Nam Ou. Currently, deposition of sediments is more 

likely to happen downstream of the project area on section with a lower river slope [6]. 

Turbidity (density) currents are defined as currents moving by gravity, because of their 

higher specific density in relation to the density of pure water. Turbidity currents are 

known to develop in large reservoirs, where the water velocity is extremely low and 

forces due to differences in the density of water layers (due to sediments concentration 

as well as differences in temperature, etc.) become dominant. In the case of Luang 

Prabang HPP, the velocity near the dam ranges between 0.05 m/s with river flow of 

1,000 m3/s to 0.2 m/s with average river flow (about 4,000 m3/s) to 0.5 m/s with river 

flow of 10,000 m3/s, being generally higher further upstream along the reservoir. The 

velocities in the reservoir are sufficient to prevent the development of significant turbidity 

currents.  

Additionally, occurrences of turbidity currents are not probable due to the rather low 

water depth in the reservoir and the very fine suspended sediments. Non-stratified flows 

during floods are expected with comparatively higher sediment concentrations at the 

bottom and lower concentrated water towards the surface. Therefore a spillway 

arrangement with low level outlets (in addition to conventional surface spillways) and an 

approach channel connected to the river thalweg guiding the sediment laden flows to the 

low level outlets is foreseen. Such a transparent arrangement shall allow an adaptive 

approach for the global sediment management to be provided during operation.  

 

6.8.5 Recommendations 

Due to inconsistencies as well as gaps in the available sediment and hydrological data 

sets and to develop a comprehensive sediment management strategy for Luang Prabang 

HPP it is recommended to collect additional field data.  
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In particular for the development of sediment management measures and the assessment 

of their effectiveness the application of a hydro-numerical model will be required. A 

prediction of the potential sediment deposition due to the dam’s backwater and also the 

remobilisation efficiency of flushing and sluicing shall be defined. To run the model, 

appropriate input data is required. For adequate sediment transport modelling all relevant 

processes (bedload transport, suspended sediment transport, riverbed changes through 

erosion or deposition) have to be considered. Thus, it is recommended collecting the 

following data: 

 Measurements of suspended sediment concentration at dam site, Luang Prabang 

town and Chiang Saen; 

 Measurements of bedload at dam site and one to two other sites within the Lunang 

Prabang reservoir area; 

 Definition of grain size distribution of suspended sediments and bedload at dam site; 

 Definition of grain size distribution for relevant sediment deposits (e.g. emerged bars 

and levees). 

LPCL is in the course of performing sediment measurement as per the recommendations 

in this chapter. The measurement results will be incorporated into the study in the 

following project phases. 

Suspended sediment concentration 

Combined data sampling at the dam site as well as Chaing Saen and Luang Prabang will 

allow relating the dam site results with the existing field data at the two stations. This 

would help to extrapolate sediment data for the dam site increasing the data availability 

and reliability. The measurements of the suspended sediment concentrations should be 

carried out with appropriate sampling equipment according to the given flow conditions 

in the Mekong River and with appropriate frequency. River discharge should be 

simultaneously measured. Furthermore, the campaign should be combined with ongoing 

monitoring programs performed or planned within the project area (e.g. by MRC or a 

continuation of the DSMP) if any.  

Bedload 

Bedload measurements shall assess the presence of bedload at the dam site and in the 

reservoir area. Compared to suspended sediment sampling a lower sampling frequency 

will be sufficient.  

Grain size distribution 

Besides the incoming sediment amounts also the grain size distribution needs to be 

defined. Hence, the grain size distribution has to be analysed at least for the bedload and 

suspended material at the Luang Prabang HPP site. Furthermore, it should be analysed 

for existing sediment deposits within the reservoir area. A selection of sampling locations 

and additional descriptions has been defined. 

Sediment sampling  

Five (5) main sites and about 15 secondary sites for sediment sampling have been defined 

to be further investigated. Submerged deposits (river bed materials) shall be dredged by 

boat or mechanical shovel with grab, whereas emerged deposits (river bank materials) by 

hand shovel or mechanical shovel with grab. 
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The analyses of samples (graduation curve by sieve analyses and fine analyses) have to 

follow common and approved standards, such as EN 933-1 or ASTM, like: 

 ASTM D5519-07 for particles of diameter above 75 mm; 

 ASTM D422-63 for particles of diameter between 75 µm and 75 mm; 

 ASTM D422-63 for particles of diameter below 75 µm. 

Arrangement of spillway  

The arrangement of the surface spillway and low level outlets supports passing of 

sediment-laden flows. The vertical distribution of openings is in general favourable for 

sediment routing or similar sediment management operations, and in particular for the 

transportation of bed material mobilized by suspension.  

Further sediment transport modelling shall be conducted to verify the currently proposed 

arrangement. 

6.9 Impact of Climate Change 

Several studies on the impact of climate change on the runoff at the Mekong River have 

already been carried out. The short overview of recent relevant literature provided here 

includes reports and journal articles by Eastham et al (20084), MRC (20105), and Lauri 

et al (20126).  

Eastham et al (2008) assessed that the runoff most likely will increase in all catchments 

upstream of Chiang Saen (Figure 6-24).Simulations of precipitation and temperature data 

for 1901-2000 and for 2001-2100 climate under global warming (mid-range emission 

scenarios SRES A1B) and 11 general circulation models (GCM) were used. Scenarios of 

time series for precipitation and temperature for the period centred around 2030 were 

constructed by scaling historical data and were compared with the baseline (1951-2000). 

The basin’s water balance was modelled with a water account model.  

 

Figure 6-24:  Impact of Climate Change on the Discharge at Chiang Saen (source: 
Eastham et al (2008)) 

MRC (2010) applied greenhouse gas emission scenarios (SRES A2 and B2 provided by 

SEA START Regional Center) and compared climate impact scenarios based on 

                                                 
4 Eastham et al (2008): Mekong River Basin Water Resources Assessment: Impacts of Climate Change  
5 MRC (2010): Impacts of climate change and development on Mekong flow regimes, First assessment -2009 
6 Lauri et al (2012): Future changes in Mekong River hydrology: impact of climate change and reservoir operation on 

discharge 
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Regional Climate Model (RCM) data for 2010-20500 with reference data for 1985-2000. 

For the simulation the DSF simulation models, the SWAT hydrological model, IQQM 

basin simulation model and the hydrodynamic ISIS model were used.  The study shows 

an increase of annual flow at Luang Prabang of 7% to 12%, the percentage change being 

much higher in the low flow season than in the high flow season.  

Taking into account both the change due to hydropower development and the climate 

change the study found out that hydropower development outweighs the flow increase 

during the high flow season of the climate change and leads to an overall decrease in the 

high flow season. In the low flow season the hydropower development intensifies the 

flow increase caused by climate change. Snowmelt currently contributes to about 5.5% 

of the discharge at the Chinese-Lao border; this value might increase to 8% in the future.  

Lauri et al (2012) simulated the change in discharge between the baseline (1982-1992) 

and the projected time period (2032-2042) with the hydrological model VMod with a grid 

resolution of 5x5km². A total of five GCM and two emission scenarios (A1B and B1) 

were used. They state that climate change causes a decrease of the monthly discharge in 

Chiang Saen throughout almost the entire year in most of the scenario runs. The 

comparison with the results from the model runs showing the impact of both climate 

change and hydropower development indicate that there will be a flow decrease during 

high flow season and an increase in the low flow season. Generally the future reservoir 

operation on the Mekong has a higher impact on the hydrology than the climate change.  

The flood peak discharges increase by 2 to 20% because of the climate change. In the 

runs with climate change and hydropower development the peak discharges change by      

-15 to +7%. The flood volume decreases by up to 25%. 

 

 

Figure 6-25:  Impact of Climate Change on the Discharge at Chiang Saen (source: Lauri 
et al (2012)  

 

Figure 6-26:  Impact of climate change and hydropower development on the discharge 
at Chiang Saen (source: Lauri et al (2012)  
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Both changes due to climate change and due to upstream hydropower development have 

already started to occur in the last decades. The related trends are already observed in the 

latest discharge records. Therefore, the use of the most recent observational data is 

important for a thorough investigation of the current and future water availability and its 

seasonal distribution.  
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7 GEOLOGY 

7.1 Introduction 

This Chapter describes the geological-geotechnical conditions at the Luang Prabang 

Hydropower Project site and its vicinity. 

A summary of the available information and a brief review of the documents is given in 

Chapter 7.2. This represents the base of information, on which the current site 

investigations and interpretation of the site conditions build on. Chapter 7.3 provides 

information from the site visits and walk-overs before the site investigations started and 

their results were available. These findings did also influence the preparation and 

execution of the current site investigations. 

Chapter 7.4 presents the regional tectono-geological development as outlined in several 

academic papers. This information will help to asses and interpret the factual results from 

the current site investigations. A summary of the 2019 executed site investigations and 

the main factual results obtained from them with interpretations is given in Chapter 7.5, 

and Chapter 7.6 presents an over-all conclusion and interpretation of the site conditions. 

7.2 Available Information 

The following existing geology related documents and information have been collected 

and used for the preparation of this feasibility study: 

Reports and Papers: 

[1] Petro Vietnam PV Power: Feasibility Study Luang Prabang HPP; Final 

Report A1 – Main Report, 10.2010.  

Section 1.2.2: Executive Summary – Engineering geological conditions 

Chapter 5: Geological investigation, earthquake and construction materials 

[2] Petro Vietnam PV Power: Feasibility Study Luang Prabang HPP; Final 

Report A3 – Report on Engineering Geological Conditions, 10.2010. 

[3] Petro Vietnam PV Power: Feasibility Study Luang Prabang HPP; Final 

Report A4 – Album of Engineering Geological Drawings, 10.2010. 

[4] Blanchard, S. et al.: Late Triassic volcanic activity in South-East Asia: New 

stratigraphical, geochronological and paleontological evidence from the 

Luang Prabang Basin (Laos); Journal of Asian Earth Sciences 70-71, 2013, 

pp. 8-26. 

[5] Pailoplee, S.: Earthquake hazard of dams along the Mekong mainstream; 

Natural Hazards, Springer Online Publishing, 2014.06.21. 

[6] Qian, X. et al.: Geochronological and geochemical constraints on the mafic 

rocks along the Luang Prabang zone: Carboniferous back-arc setting in 

northwest Laos; Lithos 245, 2016, pp.60-75. 

[7] Rossignol, C. et al.: The Volcaniclastic series from the Luang Prabang Basin, 

Laos: A witness of a Triassic magmatic arc? Source is unknown. 
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Maps: 

[8] Ministry of Energy and Mine – Department of Geology: Geological and 

Mineral Map of North Lao Region; Scale 1:200,000, Sheet F-48-XXXI (B. 

Nambak); with Stratigraphic Column Scale 1:20,000 

[9] Geological Department of Lao PDR: Various GIS overview-maps on geology 

and aquifers at scale 1:1,000,000 

7.3 Review of Available Geological Information 

7.3.1 Feasibility Study 2010 

It is not clear, whether the geological-geotechnical information documented in the 

Feasibility Study from 2010 is completely available. The received documents comprise: 

 Main Report (Ref. [1]) 

 Engineering Geological Conditions (Ref. [2]) 

 Album of Engineering Geological Drawings (Ref. [3]) 

The Feasibility Study of 2010 has investigated three alternative dam locations: the first 

location at kilometre 2037 (about 1 km upstream of the current site); a second location 

approximately at the same location as the current Alternative at kilometre 2035, and a 

third one about another 1 km further downstream at kilometre 2034. 

All information from this Feasibility Study, which seem to be reasonable and which can 

be correctly allocated to project locations, will be used for the current Feasibility Study 

to extend the data base resulting in a better understanding of the geological and 

geotechnical conditions in the project area, as well as to extend the statistical relevance 

of the collected data from field assessment and laboratory testing. The selected dam 

location (Alternative 1) has not been surveyed in the Vietnamese study. 

The Vietnamese study describes two locations for bedrock quarries, both in mafic rock 

types (basalt). 

7.3.2 Scientific publications 

Four scientific publications dealing with the geological conditions in the Luang Prabang 

area were collected (References [4] to [7]). While Reference [5] deals with the regional 

seismic conditions along the Mekong River, the other three papers discuss the 

petrography and geochemistry of the volcanic bedrock present in the area and the large-

scale tectonic evolution of the wider area. 

Selected information of these four documents can be used for the general description of 

the tectonic situation in the project area, as well as detailed information regarding the 

petrographic properties of the volcanic bedrock types within the project area. 

7.3.3 Geological map scale 1:200,000 

The geological map at scale 1:200,000 (Ref. [8], Figure 2) is considered the most useful 

general geological map available and provides an overview over the regional geology. 

The incorporated stratigraphic column gives further information about the regional and 

local geology and will form a valuable source for the preparation of a detailed geological 

map. 
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This map shows also regional fault lineaments which are to be interpreted as tectonic 

contacts between different geological units, showing considerable dislocations along 

them. This, however, is an indication, that these faults are very old structures (as outlined 

in the scientific papers, see above) and seismically probably not active anymore. 

 

 

Figure 7-1:  Extract from Scale 1:200,000 Geological Map 

 

7.3.4 Small Scale Maps 

Various maps at scale 1:1,000,000 (Ref. [9]) provide an overview of the geological 

conditions of northern Lao. However, these maps will not contribute considerably to the 

understanding and description of the detailed geological-geotechnical conditions at 

project site. 

7.3.5 Conclusions 

The review of the existing Feasibility Study and the other documents concludes that 

acquisition of additional geological and geotechnical information is necessary for a sound 

project design. 

7.4 Initial Site Visits and Walk-Over Survey 

7.4.1 Site Visits 

Two site visits have been performed in 2018, a first site visit from November 7 to 9, and 

a second from December 3 to 6. During these site visits the project area was inspected by 

car, boat and surface walk-overs on both river banks. The general geology of the area and 

the situation regarding eventual faults was studied, potential locations for bedrock 

quarries investigated and the layout for the exploratory boreholes defined. A basic 

understanding of the geological-geotechnical site conditions and important information 

for the forthcoming investigations could be obtained during these two inspections. 
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A third site visit was done between February 18 and 20, 2019, and a first lot of drill core 

had to be collected for the laboratory testing in Thailand. 

The main findings of these two inspections are documented below and are structured 

according to the geological topics.  

7.4.2 Geomorphology 

The wider project area is characterised by a hilly to mountainous surface morphology 

with dense forest coverage. The slopes on both sides of the wide river course are mainly 

gentle; only few vertical bedrock-slopes are present. 

The morphology is governed by the main bedrock types in the sub-stratum: Volcanic 

bedrock types and thinly to medium banked calcareous sediments result in gentle and 

smoothly shaped hills, whereas areas with massive and very thick limestone form the top-

section of the mountains, often with vertical, bare bedrock walls directly at the river or in 

the hinterland. 

7.4.3 Loose Overburden Material 

The overburden material covering the bedrock consists of tropical residual soil (laterite 

or similar). Its thickness can vary considerable from only a few tens of centimetres in the 

steep slopes to several metres in flatter areas (rise fields) of the side-valley at right bank. 

Active sliding or ravelling overburden areas are very seldom present, indicating currently 

quite stable overburden and slope conditions. This is also due to the dense vegetation 

cover stabilising the overburden material. In the left abutment several larger boulders of 

massive limestone indicate, however, block fall from higher slope section in former 

times. 

In the riverbed the thickness of alluvial overburden material varies considerably and 

changes during each flood event. In many areas the bedrock crops out and is visible 

during mid- to low-level river discharge.  

7.4.4 Bedrock Unit 

The walk-over survey and observations from the initial site visits indicate the following 

findings for the regional geological conditions and local geological conditions. 

According to the official 1:200,000 scale geological map (see Figure 7-1) the wider 

project area is located in the unit C-P1, consisting of “Light-grey, thick-bedded to 

massive limestone”. According to Figure 1(b) in Reference [6] the dam location is 

situated in the units C-P, representing the “Luang Prabang mafic rocks” (see Figure 7-2). 

The findings of the surface walk-overs and from the first drillhole cores show that the 

lithology is a combination of these both maps. The main lithology in the wider project 

area are calcareous sediments consisting of massive limestone and thin to middle banked 

interlayering of pure, marly or siliceous carbonates and shales. In-between mafic 

bedrocks of volcanic and sub-volcanic origin are present (Figure 7-3). For 
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Figure 7-2:  Figure 1(b) from Reference [6] Indicating that the Project Area is Located 
within the Luang Prabang Mafic Rocks. 
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Figure 7-3:  Main Lithologies in the Project Area; Massive, Slightly Metamorphosed 
Limestone (top left); Thin to Medium Bedded Calcareous Sediments (top 
right); Silex (Siliceous) Layers in Limestone (lower left); Mafic (Sub) 
Volcanic Rocks in the Mekong River Bed (lower right) 

The contacts between the bedrock lithologies, so far as they could be observed, are all of 

intrusion-type, meaning that the younger mafic bedrocks intruded along discontinuities 

into the older calcareous sediments. This can be observed at the right river bank directly 

downstream of the Buddha caves opposite to Pak Ou confluence as well as on the left 

river bank some few hundreds of metres upstream of the dam location (thinly bedded 

sediments, see Figure 7-4). 

 

  

Figure 7-4:  Left: Intrusion of Mafic Rock into Massive Limestone with Contact-
Metamorphism (at Pak Ou Buddha Caves). Right: Layer of Intruded Mafic 
Rock into Thin to Middle Bedded Calcareous Sediments 
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It also seems that the massive limestone in the top-sections of the mountain peaks is 

“floating” on sub-volcanic mafic bedrock. The strength of the main bedrock types varies 

between acceptable/fair to favourably high. 

7.4.5 Structural Geology 

Bedrock discontinuities 

The characteristic bedrock discontinuities vary between the bedrock types: 

 In the massive limestone bedding planes are absent and only few persistent joints are 

present. 

 In the thin to middle banked calcareous sediments the bedding planes are the 

dominant discontinuities. They dip either gently towards S to SE or to NW but can 

also be sub-vertically dipping. Joints are also present and often perpendicular to the 

bedding. 

 In the volcanic, mafic rock outcrops, no regular bedding (i.e. lava flows) can be 

observed. Joints are present; however, a systematic orientation could not be identified 

so far. To check this, a larger number of measurements will be required. 

 The joint planes are planar to slightly undulating and of smooth to moderate stepped 

condition. Since the bedrock discontinuities have been studies only along the river 

banks, no unfavourable filling/weathering material could be observed. 

 

Faults and fault zones 

The Vietnamese Feasibility Study from 2010 indicate a large number of super-regional 

and local faults and fault zones. Morphological lineaments are present in the project area, 

as indicated by observations in the field and from aerial photography. 

During the site visit, a walk along the riverbed of the small creek at the right abutment 

revealed wide-spread bedrock outcrops, but no signs for a fault zones could be observed 

(Figure 7-5). Considering the above described contacts between the sedimentary and 

mafic bedrock types, it can be assumed that the visible morphological lineaments in the 

project area are the result of lithological changes and not of tectonic origin. The inferred 

lineament passing closely by the Houaygno Village was investigated by geophysical 

surveys (resistivity and seismic), indicating some zones of discontinuities.  

Furthermore, these lineaments are of relative short length and seem not to be connected 

to the main branches of Dien Bien Fu Fault Zone crossing the Mekong River further 

down- and upstream of the project area. Thus, it is assumed that the project area is located 

within a relative stable block between main sections of the seismically active Dien Bien 

Fu Fault Zone.  
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Figure 7-5:  Continuous Bedrock Outcrops in the Creek at Houaygno Village 

 

Shear Zones 

In the bedrock outcrop at the left dam abutment, within the sub-vertically oriented 

calcareous sedimentary beds, two generations of shear zones can be observed, cross-

cutting the sedimentary structures (Figure 7-6). These are very old tectonic structures, 

origin from very slow ductile movements and not from earthquake producing brittle 

ruptures. 

 

 

Figure 7-6:  Bedrock Outcrop of Calcareous Sediments at Left Abutment. Blue: 
Sedimentary Bedding Plane; Red: Shear Zones of First Generation; 
Yellow: Shear Zone of Secondary Generation. 
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7.4.6 Hydrogeology 

From the hydrogeological point of view the topic of Karst is of highest importance.  

The existence of Karst is evidenced by the Pak Ou Buddha Caves a few kilometres 

downstream of the project area, the massive limestone is prone to karstic dissolution 

processes, resulting in considerable water conducts through the bedrock underground. 

Further upstream of the dam location, at the foot of another massive limestone ridge, a 

karst spring could be observed in the left riverbank, yielding assumed some tens of litres 

water per second into the Mekong River (Figure 7-7). 

 

Figure 7-7:  Karst Spring with Typical Calcareous Tuffa Deposits at Left River Bank 
U/S of Dam Location. 

On the opposite river bank, where currently the location of a limestone quarry is 

investigated (see Figure 7-8 below), the massive limestone is also characterised by a very 

typical and expressed karst morphology. 

On the other hand, the thin to medium banked calcareous sediments, as present at the left 

dam abutment, are not prone to karstification due to their clayey and siliceous impurities 

compared to the massive limestone. This means that the bedded sediments can act, 

together with the volcanic units, as a barrier for groundwater flow from upstream towards 

downstream. Waterflow is to be expected only along open joints and cracks in the 

bedrock surface zone. 

7.4.7 Construction material 

River Borrow Areas 

Many sand deposits along the river banks and within the river course were observed. The 

location and volume of these deposits can change during flood events and consist of silty 

fine-grained sand with a lot of mica. This material is not suitable as concrete aggregate 

due to the small grain size and the high mica content. 
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Only a small deposit of small rounded boulders is present at the outlet of the small creek 

at the right bank of the dam location. The volume, however, is far too small for use as 

construction material. 

Soil Borrow Areas 

Soil borrow areas as a source for construction materials (i.e. core of cofferdams) are 

present close to the village of Houaygno and further upstream in a side valley (Figure 

7-8). Samples of the material have been collected from test pits and an exploratory trench 

and have been analysed regarding its properties in the laboratory. 

Quarries 

During the second site inspection four different locations for potential limestone quarries 

have been identified. The massive limestone is to be classified as more favourable than 

mafic bedrock, since it is more homogeneous and more stable under tropical conditions. 

The four locations are shown in Figure 7-8. Meetings with the local authorities revealed 

in principle all identified quarry sites are feasible and appear acceptable from an 

environmental point of view subject to final approval from the provincial government. 

Further detailed investigations of the geology and the quality of the material is ongoing 

and all four potential sites will be assessed in detail. 

The excavated mafic bedrock material from the project site was tested as well and can be 

used as core material for cofferdams. 

 

Figure 7-8:  Locations of Potential Bedrock Quarries and Soil Borrow Areas. 
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7.5 Tectono-Geological Development of the Region 

7.5.1 Introduction 

Based on the relevant information from the available documents, the findings from the 

site visits and the results from the drill cores, the following geological interpretation can 

be drawn.  

7.5.2 Seismo-tectonic situation 

The land mass of today’s SE-Asia is composed of several so called tectonic micro plates 

(or blocks; Figure 7-9). The Luang Prabang HPP site is located on the southern end of 

the Simao Block, close to the larger Indochina Block to the SE and to the Sukhothai 

Terrane to the SW. 

 

Figure 7-9:  Tectonic Map of SE-Asia; Project Area is on the Simao Block Close to the 
Border Towards the Indochina Block. 

Figure 7-10 below shows a schematic paleo-geographical sketch (W-E section) through 

the Luang Prabang mafic rock zone indicated in Figure 7-9 and Figure 7-2 above. The 

Luang Prabang basin represents a branch of the Paleothethyan main ocean at 

Carboniferous period (about 360 to 300 million years ago). The rocks originating from 

that time are mafic ocean floor rocks (i.e. andesites) and along the rims of the micro 
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terranes and blocks (continental crust) thick bedded to massive limestones. Both types of 

bedrock are present in the wider project area. 

 

Figure 7-10:  Schematic Paleo-geographical Sketch in E-W Direction 

The further tectonic development of the area is shown as schematic sketches Figure 7-11. 

The seafloor spreading as shown in Figure 7-10 and in stage A of Figure 7-11 stopped 

during late Carboniferous (~305 million years ago) and Permian (250 million years ago) 

period. During early to late Triassic period (250 – 215 million years, stage B & C) the 

seafloor was destroyed by subduction and the Simao Block approach to the Indochina 

Block. An accretionary wedge with various types of sediments (i.e. thinly bedded 

calcareous sediments in project area) occur at the rim of Indochina Block. 

 

 

Figure 7-11:  Schematic Tectonic Development of the Aggregation of Tectonic Micro 
Plates Forming now SE-Asia. 

Due to the subduction process, mafic volcanic activities occur in the Luang Prabang 

basin, forming nowadays agglomeratic bedrock types in the area. After late Triassic time 

(post Norian age, <205 million years) the subduction stopped and the main tectonic 

activities moved towards the West, between the Simao and Sibumasu Blocks (Stage D). 
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Nevertheless, some of the thrust faults indicated in the Stage D of Figure 7-11 remained 

tectonically active and may nowadays represent seismic sources for earthquakes. One of 

these faults, or fault zones might be the Dien Bien Fu (see Figure 7-9) Fault Zone. 

In Reference [5] the earthquake hazard of dams along the Mekong mainstream are 

discussed. Accordingly, the Luang Prabang project site is located in the Seismic Source 

Zone 4 (SSZ; see Figure 7-12). 

 

 

Figure 7-12:  Seismic Source Zones (SSZ) crossed by the Mekong River; No. 10 
represents Luang Prabang HPP site. 

Reference [5] lists the earthquake sources and relevant seismic parameters for individual 

dam sites located along the Mekong mainstream. For Luang Prabang HPP the closest 

fault as possible earthquake source is defined as the Dien Bien Fu Fault Zone with a 

distance of 9.75 km from the dam site (see Figure 7-13). The seismic parameters given 

for the Dien Bien Fu Fault Zone are summarized as follows: 

 Surface rupture length: 130 km 

 Possible MCE:  M 7.5 

 Slip rate:   2 mm/year 

 Closest earthquake:  09/12/1995, Mw 4.5, 50.93 km distance 

 Largest earthquake:  18/12/2002, Mw 5.4, 290.87 km distance 

 DSHA:     0.44 g 

 PSHA 50/100/500/1000yr: 0.15/0.21/0.41/0.51g 
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Figure 7-13:  Tentative Geological Overview Map Showing the Location of Assumed 
Dien Bien Fu Fault Zone. 

 

To conclude, the very local situation regarding faults and fault zones at project area can 

be summarised as follows: 

 Tectonic structures with larger lateral extend and a recognizable width are not to be 

expected at the dam site. 

 However, many lineaments as indicated by the Vietnamese FS from 2010 are to be 

classified as lithological boundaries of stratigraphic origin. 

 Due to the tectonic evolution of the region, reaching 300 million years back, it is not 

assumed that eventual tectonic lineaments are seismically still active, since their 

length is too short; there are no obvious signs observable at the surface. The wider 

area of the dam location represents a relative stable block within the wide Dien Bien 

Fu Fault Zone with their main and still active sections further u/s and d/s of the project 

site (Figure 7-13). 

 Nevertheless, the lineaments, as well as their seismic and geotechnical properties are 

to be investigated in detail during the forthcoming site investigation program. This 

especially with inclined boreholes and geophysical surveys. 

 As potential seismic source close to the project site the Dien Bien Fu Fault Zone in 

approximately 9.75 km distance to the West (see Figure 7-13) has to be considered 

for the design parameters of the project structures. A respective elaboration of a 

seismic hazard study is mandatory.  

 

 

 
 

Figure 1: Tentative geological overview map showing LPQ project location (yellow circle) 
and location of assumed Dien Bien Fu Fault Zone (red  
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7.6 Investigation Programme 2019 and Main Findings 

7.6.1 Introduction 

In the following a brief outline of the geological-geotechnical site and laboratory 

investigations is given. 

One focus of this investigation programme is to re-assess the number, extend and 

properties of the faults in the wider project area and especially close to the selected dam 

axis. The considerable numbers of faults indicated in the Vietnamese study and their 

seismic behaviour have to be verified and more thoroughly investigated. 

7.6.2 Desktop Studies 

With a desk-top study additional information shall obtained: 

 Search for additional published information (academic) 

 Aerial photo interpretation of lineaments 

7.6.3 Site investigations 

The site investigations comprise: 

 Geotechnical surface mapping 

 Analyses of bedrock discontinuities 

 Geophysical survey: resistivity and seismic refraction surveys 

 Cored exploratory drillings, incl. water pressure tests (Lugeon) 

 Hydrogeological survey: equipping selected boreholes with standpipes or vibrating 

wire type piezometers 

 Test pits for construction material 

 Exploratory trenches for investigating conditions of the covered bedrock surface and 

bedrock discontinuities 

The locations of the drill holes are shown in Figure 7-14 and Figure 7-15. 
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Figure 7-14:  Locations of Boreholes and Geophysical Survey Lines. 

 

 

Figure 7-15:  3D view of the Defined borehole Locations at the Barrage 
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7.6.4 Main Findings from Site Investigations 

The site and laboratory investigations performed in 2019 and their detailed results are 

documented in the Geotechnical Contractor’s Factual Report and its Annexes: 

[10] GFE: Geological and Geotechnical Investigations for Luang Prabang 

Hydroelectric Power Project, 2019. 

In the following the main results are summarised and interpreted. 

Geological mapping 

Geological mapping of the project area has been carried out. The results have been 

incorporated into the geological model. Figure 7-16 shows geological map of the project 

area, and a simplified geological 3D-Model is shown in Figure 7-17. 

At the dam site four main lithological bedrock units can be divided, from young to old: 

Unit I - Extrusive volcanic rocks:  

The volcanic sequence can be classified as follows: 

 Rhyolite: massive, moderately to slightly weathered, medium strong to strong rock. 

 Basaltic Andesite/Andesitic Basalt/Undifferentiated Volcanic rocks: highly 

weathered to fresh, strong to very strong. This rock unit is underlying the dam 

foundation area on the right bank. 

 Agglomerate/ Pyroclastic rock: moderately to slightly weathered, weak to medium 

strong rock. This unit is found along the Mekong River downstream of the project 

area. 

Unit II - Intrusive rock: 

 Diabase: located downstream of the dam site on the right bank of the Mekong River, 

massive, slightly weathered to fresh, very strong. 

Unit III - Medium-bedded to massive limestone: 

 Medium-bedded to massive, re-crystallised limestone: located on both banks 

upstream of the dam site and in Quarry 4 area. The rock is slightly weathered to fresh, 

medium strong to strong rock, commonly fossil fragments are found in this rock unit. 

This limestone is assumed to be of Permian Age. 

Unit IV - Sequence of meta-sedimentary rocks:  

The deposition of volcano-sedimentary sequence, mostly of shale, siltstone, tuff and 

limestone, sometimes interbedded with siliceous rocks, vary between thinly to thickly 

bedded. This rock unit is the underlying strata of the dam site on the left bank and 

riverbed. This rock unit is expected to be of Permo-Carboniferous Age and can be 

classified as follows: 

 Shale with some siltstone/sandstone interbedded: shale is highly to moderately 

weathered, weak rock. Siltstone/sandstone is thin to medium bedded, moderately to 

slightly weathered, medium strong rock. 

 Siliceous rocks of Siltstone/Sandstone type: thin to medium bedded, slightly 

weathered, medium strong to strong rock.  
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 Bedded Chert: medium to thick bedded, slightly weathered to fresh, strong to very 

strong rock. 

 Limestone: medium to thick bedded, graphic texture (high/low resistant composition 

with silica component), slightly weathered to fresh, medium strong to strong rock. 

 Tuffaceous sandstone and conglomerate, shale, siltstone: interbedded, thin to thick 

bedded, moderately to slightly weathered, weak to medium strong rock. Shale is 

highly to moderately weathered, very weak to weak rock. 

 Non-siliceous rocks of siltstone, sandstone, shale, tuffaceous sandstone and 

carbonate rocks interbedded (Flysch Rock): thin to medium bedded. 

Sandstone/siltstone is moderately to slightly weathered, weak to medium strong rock. 

Limestone is slightly weathered to fresh medium strong to strong rock. Shale is 

highly to moderately weathered, very weak to weak rock. 

 

 

Figure 7-16:  Geological Map of the Barrage Area. 
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Figure 7-17: Simplified Geological 3D-Model of the dam area. 

 

Exploratory trenches 

Seven exploratory trenches have been excavated up to 6 m depth with large excavator: 

T1: 90 m long, perpendicular to Mekong River for powerhouse foundation 

T2: 100 m long, parallel to Mekong River for powerhouse foundation 

T3: 59 m long, across paddy field for presumed fault zone investigation 

T4: 27 m long, on right river bank for presumed fault zone investigation 

T5.1: 10 m long, upside of village for spillway foundation 

T5.2: 6 m long, upside of village for spillway foundation 

T6: 10 m long, on right river bank for presumed fault zone investigation 

All trenches have been geologically mapped. All excavations show an uneven depth of 

weathering. All of them show disruption zones like shear and fracture zones, however, it 

is not possible to correlate them to presumed main fault zones as indicated in the 

resistivity log or in the Vietnamese Feasibility Study. None of them can be traced into 

the overlaying soil material.  

The thick sand deposits excavated in the Trenches T4 and T6 at the right river bank 

consist of silty fine-sand, almost not laminated. This material is too fine grained to be 

used as construction material. 

Bedrock discontinuities  

The bedrocks discontinuities, mainly sedimentary bedding and tectonic joints, can be 

characterised as hereafter. The statistic assessment of the orientations indicates some 

differences between the left and right river bank, especially for the sedimentary bedding 

plane orientations. This can be explained due to the sub-volcanic intrusions in the area of 

the right river bank, which tilted the sedimentary bedding heterogeneously. However, the 

number of available measurements is relatively low, which disables a reliable statistic 

assessment of the orientations. 

 Sedimentary bedding planes 
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 Left Bank: BL: 270°/75°  (azimuth of dip direction/angle of dip) 

 Right Bank: BR: 005°/55° 

 o Scattered orientations between these two main orientations due to the 

intrusion by the younger sub-volcanic rocks. 

 Joint sets 

 Low number of measurements; highly scattered 

 Indications for one joint set J1: 120°/85° 

 

  

Figure 7-18: Stereographic Plots of Bedrock Discontinuies - Left: Bedding Plaines; 
Right: Joints. 

 

 

Figure 7-19: 3D-Block Diagram of Bedrock Discontinuities. 
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The geotechnical properties of the observed bedrock discontinuities are summarized in 

Table 7-1. The conditions of the properties can be classified as fair to favourable. 

 

Table 7-1: Geotechnical Properties of Bedrock Discontinuities. 

Properties Bedding Planes Joints 

Spacing [m] 

0.01 - 0.40 in interbedded 
sediments 

0.10 - 1.00 in tuff sandstone 
& conglomerates 

0.05 - 0.20 in shales 
0.05 - 0.60 in shales & tuff 

sandstone 
0.20 - 2.00 in volcanics 

Persistence [m] 10 - 20 
<1 in shales 

1 - 3 in volcanics 

Aperture [mm] / Infilling 1 - 5 / none 1 - 5 / hard 

Roughness 
smooth to slightly rough, 

undulating 
slightly rough to rough, 

undulating 

Weathering slightly to moderately 
weathered 

slightly to moderately 
weathered 

Remarks smooth surface commonly 
found on shale beds 

tuff sst = tuffaceous 
sandstone 

 

Geophysical Survey 

Five survey lines, as indicated in Figure 7-14 have been produced by seismic refraction 

and geoelectric resistivity methods. The results of the most important line GL5, which is 

used for investigation of the assumed fault zone and the arrangement of the borehole BH-

03, is shown in Figure 7-20 below. 
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Figure 7-20:  Survey Line GL5 with Seismic Refraction (top) and Electric Resistivity Log 
(middle). 

 

The most prominent correlation of the findings from the seismic and resistivity survey is 

at the valley bottom of the small contributory to the Mekong River. The recovered drill 

cores from borehole BH-03 identify this area as meta-sedimentary rock wedge between 

the volcanic rocks. This is interpreted as the continuation of the same bedrock recovered 

from borehole BH-04 (see geological map, Figure 7-16). 

All geophysical survey lines, as documented in the Annex A to the Factual Site 

Investigation Report (Ref. [10]) revealed weakness zones in the underground. While 

seismic lines indicate weakness zones due to decreased velocities of seismic P- and S-

waves, the resistivity survey does the same by increased conductivities due to i.e. higher 

water content in the bedrock. Such weakness zones are not solely to be interpreted as 

fracture- or fault zones only, but can also be induced by lithological changes (i.e. 

sedimentary vs. volcanic) or a higher density of (water soaked) joints in the bedrock. This 

is evidenced by geological surface mapping and the recovered drill cores from such 

locations. 

Due to the many possible causes of the observed features those cannot fully be attributed 

to specific origins. Nevertheless, the following can be noted from the resulting lines: 

 All lines from both surveys indicate a very rough and quickly changing surface of 

sound bedrock. 

 The required excavations to found the structures on bedrock of acceptable quality 

can go as deep as around 20 m 

 The survey further reveals information regarding required curtain grouting 

underneath the structures and in both abutments 
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Exploratory boreholes 

Nine boreholes for exploration of the dam foundation area have been drilled (BH-01 to 

BH-09). In Table 7-2 the location, elevation of collar and elevation of fresh to slightly 

weathered rock surface are given. 

 

Table 7-2: Summary of main bedrock conditions according to recovered drill cores. 

Hole 
No. 

Location 
Collar EL. 

[m asl] 

Thickness 
overburden & 

weathered rock  

Top of 
sound rock 

[m asl] 

BH-01 D/s section of navigation lock 
foundation 328.9 6.5 m 322.4 

BH-02 Spillway 
foundation upstream 311.1 23.5 m 287.6 

BH-03 Navigation lock 
fault investigation 303.2 3.7 m 299.5 

BH-04 Spillway 
foundation downstream 291.2 13.3 m 277.9 

BH-05 Powerhouse right side 
foundation 285.7 5.3 m 280.4 

BH-06 Left abutment 
tightening and foundation 294.6 2.6 m 292.0 

BH-07 Powerhouse left side 
foundation 280.4 5.0 m 275.4 

BH-08 Spillway 
foundation 307.2 12.7 m 294.5 

BH-09 Powerhouse 
foundation 301.7 8.7 m 293.0 

 

The quality of the drill cores is excellent and the core recovery is >95%, which is good. 

The cores are correctly arranged in sheet metal boxes and properly labelled. The 

following observations have been made: 

BH-01: Homogeneous volcanic Andesite bedrock. 

BH-02: Volcanic andesite bedrock, partly massy-homogeneous, partly massy-

porphyric; thin intercalation of massy siltstone at 62.0 to 64.0 m depth. 

BH-03: Volcanic andesitic bedrock with dyke-like intrusions of rhyolite; below 

133.35 m meta-sandstone intercalated with meta-siltstone (not expected at this 

location), no indication for an active fault. 

BH-04: Thinly laminated calcareous siltstone (not expected at this location), strong 

under hammer blow. 

BH-05: Porphyric andesite bedrock; some hydrothermal alterations between 47.0 and 

51.0 m depth. 

BH-06: Finely laminated siltstone intercalated with bedded, partly breccious, 

limestone, slickenside shears with graphite. 

BH-07: Finely laminated siltstone interbedded with tuffaceous sandstone (not expected 

in this location) some hydrothermal alteration at 33.6 to 34.4 m depth within 

diabase rock. 
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BH-08: Massy basaltic andesite with varying texture; partly strongly tectonized, but all 

joints and fractures healed by white calcite. 

BH-09: Massy basaltic andesite with mainly porphyric texture, less tectonized than 

BH-08 and very similar to BH-02. 

 

Water Pressure Testing  

In total 65 water pressure, or Lugeon tests have been executed in the exploratory 

boreholes. The results can be summarised and interpreted as listed in the Table 7-3 below. 

The Lugeon values can be categorized as below: 

Lu <1: Practically impermeable, closed or no joints 

Lu 1-5: Low permeability, small joint opening 

Lu 5-10: Moderate permeability, some open joints 

Lu 10-15: High permeability, some open joints 

Lu 15-50: Very high permeability, some open joints 

Lu >50: Extremely high permeability, many open joints 

 

Depth* 
[m] 

BH-01 BH-02 BH-03 BH-04 BH-05 BH-06 BH-07 BH-08 BH-09 

5-10 - - - - - - 146 Na - - 
10-15 5.21 Di - - - - - 86 Na - - 
15-20 0.14 Di - - - - - 88 Na - - 
20-25 0.06 Di - 

0.23 La 
- 2.57 Wo - 

10.65 Tu 
- 0.11 Di 

25-30 0.03 Di 0.33 Di - 0.55 Di - 25.91 Na 
1.16 Tu 30-35 0.02 Vf 0.07 Vf - 0.16 Tu 45.42 Na - 

13.05 Na 35-40 0.20 Di 0.96 Wo - 42.54 Na 0.24 La 3.39 La 

 

40-45 0.92 Wo 0.19 Di - 28.97 Na 0.28 Vf 2.25 La 
2.90 Tu 45-50 0.07 Di 0.12 Di 

1.22 La 
46.15 Tu 130 Na 45.51 Na 

4.61 Tu 
50-55 0.91 Di - 8.35 Di 43.33 Na - 
55-60 0.10Vf 56 Wo 4.19 Di 0.06 Wo 16.97 Tu 

7.45 Tu 60-65 0.70 Di - 
1.09 Di 

11.87 Vf 

 

14.25 Tu 
65-70 0.50 Di - 4.11 Di 2.27 La 4.80 Tu 
70-75 0.69 Di - 

 

- 

 

0.84 Di 
75-80 0.01 Di - 

1.18 Di 
2.97 Di 

80-85 

  

3.64 La 

 

85-90 

 

90-95 

2.49 Di 95-100 

100-105 

105-110 

1.08 Di 110-115 

115-120 

120-125 
3.43 Di 

125-130 
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130-135 

135-140 

3.10 La 140-145 

145-150 

Lu-Code <1 1-5 5-10 10-15 15-50 50-100 >100  

Table 7-3: Distribution of received Lugeon values (Lu) along the borehole depths. 

Depending on the water loss related to the applied pressure, the flow conditions can be 

assessed: 

La: Laminar flow 

Tu: Turbulent flow 

Di: Dilation, opening and closing of joints, depending on applied pressure 

Wo: Wash-out, filled openings were washed out 

Vf: Void filling, openings became filled, clogged by material 

Na: No flow type defined, high water loss due to widely open joints or short circuit 

around the packer 

Standpipe Piezometers 

The boreholes BH-01, BH-02, BH-04 and BH-05 are equipped with PVC-stand pipe 

piezometers for monitoring the fluctuation of the ground water level (GWL). The 

measurements of these piezometers started in April 2019, and will continue in a bi-weekly 

frequency until end of July 2019. Afterwards, measurements will be done once a month.  

During drilling of the boreholes the water level in the holes was measured daily; the level 

when the end of the hole was reached is documented in graphical bore logs. The first 

measurements done in April and May show only a few centimetres of fluctuation.  

Quarry location 

Initially a total of six (6) potential quarry sites have been identified. Eventually four 

locations as shown in Figure 7-8 have been selected for further detailed geological and 

material property investigations. Meetings with the local authorities revealed that in 

principle all identified quarry sites are feasible and appear acceptable from an 

environmental point of view subject to final approval from the provincial government. 

Further detailed investigations of the geology and the quality of the material is ongoing 

and all four potential sites will be assessed in detail. 

The massive limestone seems, judged from the outcrops and the already recovered drill 

cores, suitable for construction material. However, this bedrock type shows, as the only 

one, mature karst dissolutions reaching deeply into the underground (probably down to 

the level of nowadays Mekong River). This will require some processing of the quarried 

material to washout clayey fill material from karst openings. It was decided to collect 

from the outcrops at the three drilling locations bulk samples for laboratory tests, and not 

to collect them from the drill cores. The purpose of the later is to investigate the 

subsurface conditions at the locations. 

The access to open this quarry will be challenging due to the steep and exposed 

morphology. On the other hand, the old river terrace, clearly above the maximum flood 

level, can be used for i.e. installation and processing of the excavated material. 
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The limestone cores recovered from the three 50 m deep quarry boreholes can be 

characterised as follows: 

BH-Q4.1: Massy limestone with cm-wide karst dissolutions; partly filled with 

brownish, clayey material, dry. 

BH-Q4.2: Massy limestone with calcite healed joints and some few thin 

intercalations of calcareous shale, no obvious karst dissolution, ground 

water level at 10.2 m depth. 

BH-Q4.3: Massy limestone with thick calcite and quartz healed joints, no obvious 

karst dissolution, and ground water level at 18.2 m depth. 

 

 

Figure 7-21:  Drilling Location BH-Q4.1 with Massive Limestone in the Back Ground, 
Showing Typical Karst Dissolution Shapes. 

Test pits for construction material 

Ten small test pits have been excavated for collection of clayey material for construction 

materials (if required) seal purposes of the cofferdams. The soil samples have been tested 

in the laboratory and the results are documented and discussed in the next Section. 

7.6.5 Laboratory Testing 

Laboratory tests have been executed with both, bedrock material from drill cores, loose 

overburden material from test pits and bulk material collected from the quarry Q4 

location. The analyses comprise rock mechanics test for foundation of the project 

structures and appropriateness as concrete aggregates, as well as soil mechanics test for 

use as embankment material. 

The results of the laboratory testing of bedrock material are listed in the Table 7-4 and 

can be interpreted as follows: 

 The average Uniaxial Compressive Strength UCS for the volcanics is to be classified 

as moderate, whereas for the sediments as rather low. 

 The Young’s Modulus Et is for both rock types on a fair to good level. 
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 The obtained values for the Poisson’s Ration are for both rock types within the 

normal range or even above it. 

 The Tensile Strength is usually around 5 to 255 of UCS; in this case the tested values 

can be classified as rather high for the volcanics and the sediments. 

 The Friction Angles on open natural bedrock discontinuities is for the sediments quite 

low, which is due to the slaty cleavage. Within the volcanic rocks it is higher in 

average but varies quite considerable, which is due to varying mineral (not clay) 

filling and roughness of the joints. 

 With CAI-values of 2.4 on volcanics and 1.7 on sediments the Cerchar Abrasivity is 

to be classified as moderate abrasive. 

 The massy limestone from Quarry Q4 has been tested also regarding Los Angeles 

Abrasivity: the obtained results are within the usual values for this rock type. 

 With loss of <10% the Aggregate Soundness values are to be classified as favourable. 

The difference between Q4.1 sample on one side and Q4.2/Q4.3 samples on the other 

side is due to the slight contact metamorphism of the two latter ones, which is not the 

case for sample Q4.1. 

 The tested sediments show very good Slake Durability values, with almost no 

degradation. 

 The Rock porosity is quite low. Accordingly also the absorption values are very low. 

 The Specific Gravity of the two main rock types is within the usual range. 

 

Table 7-4: Summary of Laboratory Test Results.  

Rock Type Parameters 
Volcanic Sediment 

Average Min / Max Average Min / Max 

UCS with Strain Gauge - qu [MPa] 65.00 42.89/107.37 27.92 14.48/48.77 

UCS with Strain Gauge - Et [GPa] 46.26 25.80/83.69 15.80 11.69/22.74 

UCS with Strain Gauge - ES50 [GPa] 38.48 19.41/73.03 11.96 5.74/19.49 

UCS with Strain Gauge - Poisson’s Ratio 0.24 0.15/0.34 0.25 0.22/0.30 

UCS - qu [MPa] 59.98 27.71/86.85 23.41 11.76/53.77 

Tensile Strength [MPa] 8.48 2.43/15.12 7.07 4.36/9.18 

Direct Shear Test - Cohesion c [MPa] 0.70 0.28/1.36 0.57 0.55/0.60 

Direct Shear Test - Friction Angle  [°] 24.93 9.52/41.30 14.45 9.82/20.92 

Abrasivity [CAI] * 2.40 2.0/3.0 1.7 1.6/1.8 

Los Angeles Abrasion [%] * - - 24.00 23.42/24.40 

Aggregate Soundness [%] * 2.14 0.22/5.20 2.33 0.15/3.19 

Slake Durability - Id1 [%] * - - 99.32 99.28/99.86 

Slake Durability - Id2 [%] * - - 99.01 98.28/99.44 

Porosity [%] * 1.36 1.05/1.72 1.59 0.71/3.90 
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Rock Type Parameters 
Volcanic Sediment 

Average Min / Max Average Min / Max 

Absorption [%] * 0.48 0.36/0.62 0.54 0.16/1.47 

Specific Gravity [gr/cm3] * 2.86 2.78/2.96 2.75 2.73/2.78 

* Including massive limestone (sediments) from Q4 

The results from the soil material laboratory tests can be classified are summarized in 

Table 7-5 below. 

The locations of the Test Pits (TP) are quite widely spread around the project site, where 

as the sample TR-03 was taken from the Test Trench within the paddy-field close to the 

village. It is recommended to use the clayey material from TR-03 as construction material 

(if required at all) as it has acceptable properties; it is very close to the construction site 

and the available volume is roughly estimated 10,000 m3. 

 

Table 7-5: Laboratory Test Results from Soil Samples  

Test Pit 
Natural 

Moisture 
Content 

Atterberg Limits 
Specific 
Gravity 

Soil 
Classifi-
cation 

Organic 
Impuritie

s 

Modified 
Compaction 

Liquid 
Limit 

Plastic 
Limit 

Plasticity 
Index 

Max. dry 
density 

Optimum 
moisture 
content 

No. WN [%] LL [%] PL [%] PI [%] Gs USCS Color No. 
gdmax 

[t/m3] 
OMC [%] 

TP-01 22.3 55.2 25.4 29.8 2.7 CH 5 1.72 20.5 

TP-02 12.0 45.6 19.0 26.6 2.7 SC 3 1.98 15.5 

TP-03 16.0 58.1 30.0 28.1 2.7 GC 3 2.03 16.0 

TP-04 30.9 58.6 27.8 30.8 2.7 CH 5 1.79 17.4 

TP-06 29.1 69.7 32.3 37.4 2.7 CH 4 1.56 25.0 

TP-07 36.0 73.5 26.3 47.2 2.7 CH 3 1.62 19.9 

TP-08 29.4 61.8 28.2 33.6 2.7 CH 5 1.69 21.3 

TP-09 30.1 77.6 37.4 40.2 2.7 MH 4 1.62 25.5 

TP-10 27.7 56.3 25.3 31.0 2.7 CH 5 1.75 23.0 

TR-03 26.1 60.7 27.4 33.3 2.7 CH 3 1.75 15.1 

Average 26.0 61.7 27.9 33.8 2.7 - 4 1.8 19.9 

Min/Max 12.0/30.9 45.6/73.5 19.0/37.4 26.6/47.2 27 - 3 / 5 1.56/2.03 15.1/25.5 

7.6.6 Conclusions 

Based on the findings of the site investigations the following can be concluded: 

 The boreholes BH-03, BH-04 and BH-07 on the right bank and in the middle of the 

Mekong River, recovered partly metamorphosed calcareous and detritic sediments, 

which have not been expected after the first walk-over surveys. 
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 The surface of sound bedrock is highly uneven due to different deep weathering and 

occurrence of various disruption zones, either as shear zones or as brittle fracture 

zones of varying width. 

 Due to the contact with the intrusion/extrusion of the nearby volcanic bedrock, the 

calcareous sediments show a weak metamorphism. This slight alteration results in a 

somewhat higher rock strength and reduced or missing slaking of the siltstone. 

Nevertheless, some very finely laminated sections with high silt and clay content 

(shales) show low strength and can decay easily into small pieces. 

 In general the foundation conditions for the massive concrete structures can be 

addressed as fair to favourable. From the geotechnical point of view this implicates 

that the uneven surface of sound bedrock has to be adjusted locally by additional 

excavation and refill with dental concrete and/or contact and consolidation grouting. 

 Except from a clear indication in the geophysical resistivity line GL5, no obvious 

signs for a recently active fault zone have been discovered so far. The indication from 

GL5 is on one hand very clear, but on the other hand it is located exactly in the bottom 

of the side valley, which contradicts with the observations done along the riverbed 

with almost complete bedrock outcrop and from the recovered drill cores of borehole 

BH-03 (see below). This could be due to the placement of an electrode within water 

soaked alluvial deposits. It therefore has been decided to drill the borehole BH-03 as 

indicated in Figure 7-20. 

 The detailed inspection of the recovered drill cores from borehole BH-03 can be 

summarized as follows: 

 The recovered drill cores do not show any indications for an active fault zone in 

the dam site area. 

 The boundary between the andesitic basalt in the upper part and the calcareous 

sediments in the bottom of the borehole (below 133.35 m depth) is of clearly 

stratigraphic and not tectonic origin.  

 The borehole BH-07 in the middle of the Mekong River has not reached its final 

depth of 40 m due to flooding. Nevertheless it has revealed very important 

information regarding the foundation conditions in this place, i.e. unexpected 

sedimentary bedrocks and high water permeabilities of around 100 Lu in the 

uppermost 20 meters and between 10 and 13 Lu between 20 and 30 meters. It was 

decided to abandon this borehole and not to drill it to the planned end depth. 

 The water pressure tests executed so far in the other boreholes indicate in general low 

(<3 Lu) to very low (<1 Lu) permeabilities. However, from single test section also 

moderate (10-20 Lu) or even high to very high (>40 Lu) permeability values have 

been obtained. These are to be related with open fracture/joints and hydrothermal 

alteration in the boreholes BH-05 and BH-07 or with simple short-circuit around the 

packer(s). Karstic dissolution has not been encountered in the dam foundation area 

so far. 

 Even as there are no karst features to be expected in the foundation and abutment 

area, a grout curtain is recommended to prevent seepage along discrete open joints 

and hydrothermally altered sections.  

 The left abutment consists of thin to middle bedded calcareous sediments of varying 

composition, as limestones, marly limestone, siliceous limestone, shales etc. The 
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bedding strikes generally NE-SW (into the abutment) and dips moderately towards 

NW or is sub-vertical. 

 The right abutment of the structure consists mainly of massy and fresh andesitic lava 

flows, allowing fairly steep excavation slopes. 

 The slopes at both abutments seem to be quite stable, critical conditions could not be 

observed during the site inspections. The same is also valid, at least for the visited 

downstream part, for the reservoir slopes. 

 The geotechnical parameters of the tested bedrock material reveal fair to good 

bedrock conditions. 

 Quarry location Q4: The massy limestone, even affected by widespread and mature 

karst dissolution, seems to be favourable for concrete aggregates and other 

construction purposes. The access to the top level of the possible quarry location Q4 

will be challenging due to the very steep slope and has to be designed carefully. 

7.7 Seismic Hazard Assessment 

7.7.1 General 

The Luang Prabang HPP site is located in a region with moderate to high seismicity 

comparing with the other parts of Laos (Figure 7-23 shows the seismicity of South-East 

Asia for the period 1900 to 2014). Taking into account the seismicity of South-East Asia, 

the occurrence of several destructive earthquakes in this part of the world and the lack of 

a reliable site specific seismic hazard study for the project site, a site-specific seismic 

hazard analysis has been performed. 

Figure 7-22 shows the Global Seismic Hazard Map for South-East Asia showing peak 

ground acceleration (PGA) with a return period of 475 years. The Luang Prabang Dam 

site is marked with a black triangle, which is located in the zone with a PGA of 0.2 g to 

0.35 g. 

The proposed PGA values are of preliminary nature and may be revised in the following 

project phases based on further investigation and modelling.  
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Figure 7-22: Global Seismic Hazard Map for South-East Asia (dam site is marked  with 
a black triangle). 

7.7.2 Seismotectonic and Seismicity  

The project area is located in the northern part of Laos where the rate of the seismicity is 

moderate to high comparing to the other part of Laos (Figure 7-23). 

For this project the earthquake catalogue is a compilation of all the available data 

concerning worldwide reports, data banks and earthquake source catalogues. Some of the 

most important ones are as follows: 

 International Seismological Centre, UK, 1900-2012 (ISC, ISS); and 

 National Earthquake Information Center, World Data, USA, 1900-2013 (NEIC, 

USGS, PDE). 

 Meteorological Department, Bangkok, Thailand (BKK) 

 National Center for Scientific Research, Hanoi Vietnam (PLV) 

 Institute of Geophysics, China Earthquake Administration China (BJI,PEK) 

The distribution of earthquakes epicentres (from 1925 to 2019) in the study area is shown 

in Figure 7-24. The circles are scaled according to magnitude of each earthquake. This 
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Figure shows seven (7) earthquakes with magnitude between 6.0≤Ms<7.0 and four (4) 

earthquakes with magnitude between 5.0≤Ms<6.0 in the study area. 

Although no earthquakes with magnitude greater than 7 are reported in the study area, it 

should be noted that there is no access to the list of historical earthquakes (i.e. before 20th 

century) in Laos. Thus the probability of the occurrence of big destructive earthquakes 

with magnitude greater than 7 (which has a long return period in this region) must not be 

forgotten.  

Field survey, trench log data, and remote sensing interpretation demonstrate that the 

strike –slip faults in the Xaignabouli area (southern part of the Dien Bien Phu Fault zone) 

show the sinistral movement and are the branch of the NE-SW trending Dien Bien Phu 

Fault. They are proved to be active till present. Information on luminescence dating 

results reveals that at least there are three prominent paleoseismological events with the 

current interval of 1,000 years. These events are episodes of 1,000, 2,000, and 3,000 

years. Surface rupture length along the studied faults due to past earth shaking has been 

estimated to be equivalent to the earthquakes with the magnitudes of 5.6 to 7.3 on the 

Richter scale (Nualkhao et al., 2016). 

Zuchiewicz et al. (2004) estimated that the slip rate of the Dien Bien Phu (DBP) fault 

should be in the order of 0.6 to 2.0 mm/yr in Holocene and 0.5 to 3.8 mm/yr in Pleistocene 

period. Based on an interpretation of satellite images, the DBP fault system can be 

characterized as a fault zone containing a large number of small to long fault segments. 

Assuming that the rupture lengths are equal to one half of these segment lengths, the DBP 

fault system should be able to produce earthquakes of magnitudes up to Mw 7.0- 7.5 

(following the Wells and Coppersmith (1994)’s model). According to Slemmons and 

Depolo’s diagram (1986) recurrence interval for Mw 7.0-7.5 earthquake (and slip rate of 

0.6 to 2 mm/yr) is estimated 500 to 10,000 years. It is important to note, the closest 

distance between Ban Hua Na Fault (a segment of DBP fault) and the project site is about 

8.6 km. 
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Figure 7-23: Seismicity of Southeast Asia (Luang Prabang HPP site is marked with a 
triangle). 

 

Figure 7-24: Seismotectonic Map of the Study Area (200 km radius). 
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7.7.3 Seismic Hazard of the Project Site 

In the first step a suitable seismotectonic map has been prepared, comprising the 

following items: 

(i) Investigation of Seismotectonic characteristics of the project area.  

(ii) Recognition of tectonic features and characteristics of them. Fault map have 

been presented based on previous publications and interpretation of satellite 

images (Figure 7-24, Figure 7-25 and Figure 7-26).  

(iii) Distinction of the most important tectonic activities and introduction of the 

active and potentially active faults that have affected on seismicity of the project 

area. 

(iv) Assessing maximum credible magnitude and ground motion parameters that will 

be taken place at the site 

Based on the interpretation of satellite images and map of earthquakes, 19 active or 

potentially active faults are identified within a radius of 200 km around the dam site. The 

general structural trend in the project area is northeast-southwest; all of the active faults 

in the project area follow this trend, and most of these faults have strike-slip mechanism. 

There is no active fault crossing the dam site or reservoir area. Reservoir Triggered 

Seismicity (RTS) is not seen as a major issue. Further evaluation has to been undertaken 

at a later stage of the project. 
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Figure 7-25: Location of identified faults on Terrain Map. 
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Figure 7-26: Closest Faults to the Luang Prabang HPP Site 

7.7.4 Seismic Hazard Analysis 

7.7.4.1 Definition of Design Earthquake 

According to the revised Bulletin 72 (Bulletin 148, available as Bulletin Preprint) of the 

International Commission on Large Dams (ICOLD) entitled ‘Selecting seismic 

parameters for large dams - Guidelines’ the following design earthquakes are needed for 

the seismic design of the different structures and elements of a large dam project: 

 Maximum Credible Earthquake (MCE): The MCE is the event, which produces 

the largest ground motion expected at the dam site on the basis of the seismic history 

and the seismotectonic setup in the region. It is estimated based on deterministic 

earthquake scenarios. According to ICOLD Bulletin 148 the ground motion 

parameters of the MCE shall be taken as the 84 percentiles (mean plus one standard 

deviation). 
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 Maximum Design Earthquake (MDE): The return period of the MDE is taken as 

10,000 years. The MDE ground motion parameters are estimated based on a 

probabilistic seismic hazard analysis (PSHA). In a conservative design the uniform 

hazard spectra can be used. This applies to the present study. 

 Safety Evaluation Earthquake (SEE): The SEE is the earthquake ground motion a 

dam must be able to resist without uncontrolled release of the reservoir. For major 

dams the SEE can be taken either as the MCE or MDE ground motions. If it is not 

possible to make a realistic assessment of the MCE then the SEE shall be at least 

equal to the MDE. The SEE is the governing earthquake ground motion for the safety 

assessment and seismic design of the dam and safety-relevant components, which 

have to be functioning after the SEE. 

 Design Basis Earthquake (DBE): The DBE with a return period of 475 years is the 

reference design earthquake for the appurtenant structures. The DBE ground motion 

parameters are estimated based on a PSHA. 

 Operating Basis Earthquake (OBE): The OBE may be expected to occur during 

the lifetime of the dam. No damage or loss of service must happen. It has a probability 

of occurrence of about 50% during the service life of 100 years. The return period is 

taken as145 years. (ICOLD, 2014). The OBE ground motion parameters are 

estimated based on a PSHA. 

 Construction Earthquake (CE): The CE is to be used for the design of temporary 

structures and takes into account the service life of the temporary structure. There are 

different methods to calculate this design earthquake. For this project 50% of DBE 

is proposed for the temporary structures and for the temporary diversion facilities a 

probability of exceedance of 10% is assumed for the design life span of the diversion 

facilities. Alternatively the return period of the diversion flood can be taken as the 

return period of the CE of the diversion facilities. 

MDE, DBE and OBE have been derived through a probabilistic approach, while for the 

MCE ground motion deterministic earthquake scenarios are used (84th percentile values 

of ground motion parameters are determined). 

Due to importance, the water retaining structures (Spillway, Powerhouse, and Navigation 

Lock, Closing structure) must be able to withstand the worst ground motion to be 

expected at these sites, i.e. the SEE is equal to the maximum values of MDE or MCE 

ground motions. 

The different design earthquake ground motions are characterized by the following 

seismic parameters: 

 Peak ground acceleration (PGA) of horizontal and vertical earthquake components. 

 Acceleration response spectra of horizontal and vertical earthquake components for 

5% damping, i.e. uniform hazard spectra for CE, OBE, DBE and MDE obtained from 

the probabilistic seismic hazard analysis and MCE obtained from the deterministic 

analysis using different attenuation models. 

 Spectrum-compatible acceleration time histories for the horizontal and vertical 

components of the OBE, DBE and SEE ground motion determined from scaling of 

recorded earthquake ground motions. 
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7.7.4.2 Selection of Ground Motion Model (Attenuation Relationships) 

The common practice in seismic hazard assessment is to consider several relationships 

and a weighting scheme through which final ground motion values are computed (Logic 

Tree Algorithm. see Kulkarni, Youngs and Coppersmith, 1984; Youngs et al., 1985; 

Coppersmith and Youngs, 1986; National Research Council, 1988).  

The earthquakes in the project area may be grouped into shallow crustal earthquakes. For 

shallow crustal earthquakes in active tectonic regions, several empirical relations are 

available. Accordingly, the following attenuation relations have been selected for the 

Luang Prabang project: 

 Boore, Stewart, Seyhan and Atkinson, 2014, horizontal component, 

 Campbell and Bozorgnia, 2014, horizontal component, 

 Abrahamson, Silva and Kamai, 2014, horizontal component, 

 Boore, Stewart, Seyhan and Atkinson, 2016, vertical component, 

 Campbell and Bozorgnia, 2016, vertical component, and 

 Abrahamson, Silva and Kamai, Gulerce, 2017, vertical component. 

All of these attenuation relations are selected from the Next Generation Attenuation 

(NGA) of ground motions project, which, today, are widely used in seismic hazard 

analyses. However, although these new models are more complicated than the previous 

ground motion attenuation models and require several more input parameters, they are 

more reliable and the results are much closer to the real observations. 

In order to estimate the PGA-value in different probabilistic and deterministic methods a 

logic tree algorithm is selected as shown in Figure 7-27. The weight for each attenuation 

relationships is assumed to be equal (i.e. 1/3) in all the calculations. 

It has to be mentioned that the geological site condition factor is assumed to be rock in 

all the above attenuation relationships with an average shear wave velocity of 1000 m/s. 

Shear-wave velocity (VS) is the essential parameter for evaluating the dynamic properties 

of soil and rock. The average shear-wave velocity in the top 30 m, based on travel time 

from the surface to a depth of 30 m, is known as VS30. VS30 is used to separate sites into 

different classes for engineering design, with the expectation that sites in the same class 

will respond similarly to a given earthquake. These site classes are as follows: 

 Class A – Hard rock: VS30 > 1,500 m/s  

 Class B – Rock: 760 < VS30 ≤ 1,500 m/s  

 Class C – Very dense soil and soft rock: 360 < VS30 ≤ 760 m/s  

 Class D – Stiff soil: 180 < VS30 ≤ 360 m/s  

 Class E – Soft soil: VS30 < 180 m/s 

 For 
PNPCA O

nly



Luang Prabang HPP  115002924 
Feasibility Study Report  101 
 

 

Copyright © Pöyry Energy Ltd. 

 

Figure 7-27: Logic Tree Setup for the Attenuation Relationships 

 

7.7.4.3 Calculation of PGA based on Deterministic Seismic Hazard Analysis 

A site-specific deterministic seismic hazard analysis was carried out for the dam location 

of Luang Prabang. The peak ground acceleration (PGA) have been calculated for 

Maximum Credible Earthquake (MCE). 

The maximum values of the peak ground motion have been calculated at the Luang 

Prabang sites for each seismic source, using the selected attenuation relationships, i.e. 

Campbell & Bozorgnia, Boore, Stewart, Seyhan and Atkinson and Abrahamson, Silva 

and Kamai. The seismic potential of each fault has been estimated using both engineering 

judgement or by the relationships correlating the magnitude with the length of the fault. 

The distance is calculated based on the definition of each of the selected attenuation 

relationships. 

Considering all the faults, the Ban Hua Na Fault (a segment of The Dien Bien Phu fault) 

which runs about 8.7 km west of the dam site has the capability to produce the largest 

ground motion parameters at the Luang Prabang project.  

In the following, more details about The Dien Bien Phu fault are presented since it is the 

closest active fault to the project site and contribute significantly to the seismic hazard of 

it. 

The Dien Bien Phu fault is the south-easternmost active left-lateral fault between the 

right-lateral Red River and Sagaing faults. The Dien Bien Phu fault is complex and 

including step-overs and branches. The Dien Bien Phu fault includes three main 

segments. The topography along the northern part (in Vietnam) and the southern part (in 

Laos) clearly shows river channel and alluvial fan offsets. The Luang Prabang project is 

located near southern part of the Dien Bien Phu fault. According to previous and present 
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investigation, eight fault segments can be identified along the southern part of the Dien 

Bien Phu fault. 

The Ban Hua Na fault has the following specification: 

 Maximum magnitude:  Mw 7.7;  

 Closest horizontal fault-site distance:  8.6 km 

 Depth to the top and bottom os seismogenic layer:  3 to30 km; and 

Earthquake mechanism:  left-lateral strike-slip.  

7.7.4.4 Calculation of PGA based on Probabilistic Seismic Hazard Analysis 

A site-specific probabilistic seismic hazard analysis (PSHA) was carried out for the dam 

location of Luang Prabang HPP. The input for this method requires the attenuation 

relationship in tabular form (ground motion versus magnitude and distance) and the 

description of each seismic source including the geometry, the uncertainty in earthquake 

location and by attributing to each source appropriate seismicity parameters (i.e. activity 

rate or slip rate).  

The peak ground acceleration (PGA) have been calculated for the Operating Basis 

Earthquake (return period 145 years), Design Basis Earthquake (return period 475 years), 

Maximum Design Earthquake (return period of 2,475 and 10,000 years) using PSHA 

method based on the activity rate values calculation of the Acceleration Response Spectra 

Both deterministic and probabilistic methods are used to calculate the response spectra 

values at the Luang Prabang dam site. As recommended by ICOLD, the probabilistic 

approach is the suitable method to define OBE, DBE and MDE ground motion 

parameters. Accordingly, return periods of 145, 475, 2,475 and 10,000 years are used to 

calculate the acceleration response spectra at 5% damping for the horizontal and vertical 

components for OBE, DBE and MDE. For MCE, a deterministic method according to 

ICOLD (2014) recommendations is applied. The same attenuation relationships which 

are selected for peak ground acceleration are used to calculate the response spectra values. 

The target acceleration response spectra for OBE, DBE MDE and MCE are selected 

based on the average values (logic tree algorithm of average spectrum values of 3 selected 

attenuation relationships) for the horizontal and vertical components at the dam site. 

Figure 7-28 shows the acceleration response spectra for the horizontal and vertical 

components for each return period. The PGA for the SEE is defined by the higher value 

of MDA and MCE (MDA from probabilistic method with a return period of 10,000 

years). 

The site-specific Peak Ground Acceleration values (horizontal and vertical components) 

for the different design earthquakes are given in Table 7-6. For 
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Figure 7-28: Site-Specific Acceleration Response Spectra Based on PSHA for OBE, 
DBE and MDE and DSHA for MCE (5% damping) 

 

Table 7-6: Site-Specific Peak Ground Acceleration (PGA) for the Different Design 
Earthquakes 

Design 
Earthquake 

Analysis Method 
Return Period 

(year) 

Peak Ground Acceleration 
(g) 

Horizontal Vertical 

CE Probabilistic 50 0.06 0.04 

OBE Probabilistic 145 0.13 0.10 

DBE Probabilistic 475 0.23 0.18 

MDE Probabilistic 2,475 0.37 0.310 

SEE Probabilistic 10,000 0.49 0.40 

SEE Deterministic ------ 0.49 0.40 
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7.7.4.5 Scaled Accelerograms 

Under strong earthquake ground shaking (e.g. SEE ground motion) the water retaining 

structures may behave in-elastically and may suffer some damage. In this case the 

earthquake analysis of the dams has to be carried out in the time domain. For this purpose 

the earthquake ground motion has to be described by acceleration time histories 

(accelerograms).  

As the inelastic response of structures is sensitive to the acceleration time history, it is 

necessary to consider at least three different earthquakes in the dynamic analysis. Each 

earthquake comprises three components of the ground motion. 

Acceleration time histories should be developed to be consistent with the previously 

defined near-fault response spectra (target spectra). These accelerograms should also 

have long durations of strong ground shaking as dams are vulnerable to long-duration 

earthquakes. 

There are different approaches to adjust the frequency content of accelerograms in order 

to obtain a suitable match with the target spectrum. The method used in this study 

comprises the following steps: 

1) Selection of appropriate real accelerograms (i.e. recorded acceleration time 

histories); 

2) Calculation of the Fourier transform (Fourier amplitude spectrum) of the selected 

input accelerogram and its 5% damped response spectrum; 

3) Compare response spectra of input motion with the target spectrum for the selected 

design earthquake; 

4) Multiply the Fourier amplitude spectrum by the ratio of the target and input 

acceleration response spectra at each frequency; 

5) Take an inverse Fourier transform to get a modified time history and compute the 

total difference between the scaled and target spectral values at 5% damping; 

6) Iterate steps 2 to 5 to get a match of less than 5% over the frequency range from 

0.25 Hz to 25 Hz; 

7) Perform baseline correction of the modified acceleration record; and 

Match the target PGA-values for the scaled OBE, DBE and SEE accelerograms. 
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8 SOCIAL AND NATURAL ENVIRONMENT 

8.1 Introduction 

The Luang Prabang hydropower plant is a run off river power plant planned to be built 

approximately 25 km upstream of the city of Luang Prabang, and 4 km upstream of the 

confluence with Nam Ou River (see Figure 2-1). The scheme will be part of a low-head 

hydropower cascade along the Mekong River, with Pak Beng HPP approximately 170 km 

upstream and Xayaburi HPP approximately 130 km downstream the proposed site. 

The environmental and social impact assessment will follow the national laws, 

regulations, directives and guidelines as well as the international standards (IFC) and 

especially follow the MRC guidelines and recommendations. Main focus will be on 

impact mitigation to fish migration, sediment transport and impacted villages. Besides, 

mitigation measures for identified impacts during pre-construction, construction, 

operation and transfer phase will be proposed in the ESIA. 

The main objectives of the ESIA study are: 

 To provide a description of the project 

 To describe the existing environmental and social situation in the project area 

 To identify the areas in which impacts may be expected during construction and 

operation  

 To identify expected or potential direct and indirect impacts caused by the project 

 To develop related mitigation measures for the environmental and social impacts 

The project considers the national laws, regulations, directives, and guidelines as well as 

the international standards such as (but not limited to) the following: 

 Ministerial Regulation on Environmental Impact Assessment, MONRE/Lao PDR 

2016. 

 Environmental Quality Standards for Electricity Project, Government of Lao PDR, 

2016  

 ESIA of Investment Projects, Ministerial Regulation No. 8030/MONRE, 2013 Lao 

PDR. 

 Decree No.84, Compensation and Resettlement of People Affected by Development 

Projects, GOL PDR, 2016. 

 Guidelines for Hydropower Environmental Impact Mitigation and Risk Management 

in the Lower Mekong Mainstream and Tributaries. (MRC, 2015) 

 Handbook for preparing a Resettlement Action Plan, (IFC 2002) 

 Environmental, Health and Safety General Guidelines, (IFC 2007) 

 Environmental, Health and Safety Guidelines for construction materials extraction, 

(IFC 2007) 

 Safety of Dams, Operational Policy, (World Bank 2010) 

 Environmental and Social Performance Standard (IFC 2012) 

 MRC Guidelines such as (Preliminary) Design Guidance for proposed main-stream 

dams in the lower Mekong basin 
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As a general guideline, the Luang Prabang HPP shall meet the same functionality of the 

Xayaburi HPP, and the MRC Design Guidance shall be taken into consideration. 

8.2 The study area and present situation 

The study area is presented in Figure 8-1. The ESIA focuses on two main areas with 

distinct impacts:  

 The construction site area  

 The upstream area which will be impacted by the backwater effect of the run off river 

plant 

 

 

Figure 8-1:  Study Area and Location of the Hydro Power Plant 

 

About 26 villages are located within the project area and its vicinity. They use the river 

for fishing, transport and water supply. River banks are widely used for seasonal 

gardening. The riverbanks also contain natural forest, teak plantations and exposed rock 

cliffs.  

Luang Prabang City is one of the UNESCO World Heritage since 1995. The project is 

located outside of the world heritage area. The proposed project area also ensures that it 

can-not directly be seen from the Pak Ou Caves which are one of the main tourist 

attractions. 

8.3 Physical environment 

The physical environment can be summarised as follows: 

 Climate: wet season month in the Luang Prabang area are from April to October, 

with mean monthly precipitation sums in the range of 100 to 300 mm 
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 Ambient air quality:  The field measurement of the two monitoring stations within 

the project area undertaken during February 2019 showed that ambient air quality of 

the area is in natural condition with the total suspended particulates (TSP), the 

particulate matter (PM-10) were well within the National Environmental Standard of 

Lao PDR. 

 Ambient Noise: The noise level measurement was conducted for 3 consecutive days 

covering weekdays and holidays during February 17-24, 2019, at 2 stations of the 

nearest sensitive receptors. The Lmax and Leq 24 hr at both station were well below the 

limit of ambient noise level standard.  However, the Leq-1 hr measured for daytime, 

evening and nighttime show slightly higher than the standard due to the community 

activity and nocturnal insect. 

 Water Quality: The field measurement conducted during February 2019 at 5 

sampling station on Mekong River and the tributary Nam Ou indicated that the water 

quality of the Mekong River is medium clean for natural surface water with some 

pollution contamination, suitable for 1) consumption and use, requiring customary 

ware treatment and disinfection; and 2) agriculture.  The water quality of Nam Ou 

River, the Mekong tributary located 4 km downstream of the project site is very clean 

surface water with some contamination, suitable for 1) consumption and use, 

requiring customary ware treatment and disinfection; 2) aquatic organism 

conservation; 3) fisheries; and 4) swimming and water sport. 

 Hydrology: The mean monthly flow at Luang Prabang station varies from 872 m3/s 

to 8,724 m3/s. Statistically seen August provides highest and March lowest flows, 

respectively. The mean monthly water level at same station varies from 3.4 m to 

12.3 m.  

 Sediment transport: Historical data from the 1980s and 1990s estimate that the 

upper Mekong basin has an average suspended sediment load of 80-100 Mt/year. 

 

8.4 Biological environment 

The Mekong River is a huge habitat for many different fish species. At Xayaburi HPP 

around 161 different species have been identified. It is reliable to assume that same 

species are present in the study area.  

Aquatic life conditions at Mekong will change due to the change of the hydraulic 

conditions, especially the flow condition. Moreover the flora and fauna at the river banks 

will get lost due to the impoundment. The submerged area mainly contains agricultural 

land, teak plantations and forest. However the forests value has to be quantified and 

offset. No national protected area or national park is impacted by the project. 

The Mekong River section upstream and downstream of the Luang Prabang HPP is 

characterized as Perennial River with rapid, riverine bank of beach and sand bars. The 

results from field investigation along the Mekong River banks in the project concerned 

section from Luang Prabang to Pak Beng reveal that there are neither marsh nor swamp 

around the confluence of tributaries and the Mekong mainstream due to steep river banks; 

there is no reed or other swamp type vegetation along the river. 
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8.5 Social environment 

The water level at the Luang Prabang HPP site will be held at 312.00 to 312.50 m asl 

during operation phase. Around 26 villages will be directly impacted by the project since 

they are located at the riverbanks of the Mekong in submerged area and/or the backwater 

area of the HPP. These villages contain about 840 households with around 9,974 

inhabitants which will be affected by the project. Preliminary estimations show about 840 

households are to be relocated to both, new resettlement sites and to sites at a higher 

ground.  

8.6 Environmental impacts and mitigation measures  

The area which will be submerged contains a lot of natural habitats which will be lost. 

Within the ESI- assessment it is investigated how these losses can be compensated. 

Beside the loss of habitats existing habitats will be changed. The Luang Prabang HPP 

acts like barrier in the river if no additional facilities are installed to ensure sediment 

transport, fish migration and boat passing. There is a link between fish life cycles, fish 

habitats and hydraulic and hydrological conditions. Migrating fishes respond to 

hydrological changes and start migration when the flow rises. To ensure the fishes can 

migrate through the hydropower plant according facilities (auxiliary units) have to be 

installed. Beside the fish migration it has also to be ensured that sediments are not 

accumulated, but flushed through the spillway. 

Direct measures installed at the power plant to minimize social and environmental 

impacts are therefore as follows: 

 Fish migration: Upstream and downstream fish migration facilities will be provided. 

The facilities will be designed in consideration of the experience gained at Xayaburi 

HPP and following the MRC guidelines. Fish migration monitoring shall take place 

and species shall be identified. 

 Navigation: A navigation lock will be installed. Specifications will consider the 

requirements of the MRC Guidelines and local conditions. Transferring of local small 

boats to pass over the barrage site will also be provided. 

 Spillway: The spillway will contain low level outlet bays to ensure sediment 

transport. 

In addition the area which will be inundated has to be cleared from its biomass prior 

impoundment.  

8.7 Social impacts and mitigation measures 

About 26 villages area identified to be directly impacted by the project. Villages including 

all their infrastructure will have to be resettled to higher ground. The IOL will provide 

information of the losses and the required compensation. Houses and infrastructure can 

be compensated. However a significant loss is the loss of agricultural land and forestry 

land. The project will submerge areas which will be lost and cannot be compensated with 

other land since land available for agriculture nearby is already used accordingly. 

The project will have to ensure that the project affected people are compensated on a 

sustainable level according to international standards with a proper livelihood restoration.  

Many commercial boats are travelling from Luang Prabang to Thaxouang and Pak Beng. 

The HPP will provide a navigation lock to ensure the commercial boats can pass the dam 

site. The transferring of local small boats to pass over the barrage will also be provided. 
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8.8 Impacts during construction phase 

During the construction phase main impacts are as follows: 

Environment: 

 Dust 

 Noise 

 Erosion 

 Change in hydraulic and hydrological conditions  

 Impact on water quality 

 Waste and wastewater production  

Social: 

 Working camps, possible follower camps impact local economy 

 Increased traffic 

 Impact on navigation 

 Impact on fishery 

The environmental and social impact assessment indicated that most of the identified 

impacts that will cause by the project activity during construction and operation are of 

rather medium to low impact with the proposed project design and components to prevent 

and mitigate these impacts. The ESMMP will provide concepts to monitor this impacts 

and provision of detailed plans how to mitigate them. 
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9 ALTERNATIVE STUDY AND OPTIMISATION 

9.1 Project Site 

9.1.1 Overview 

Two alternative sites for the barrage have been studied as shown in Figure 9-1: 

 Alternative 1 having its proposed dam axis at km 2036 

 Alternative 2 with the proposed dam axis at km 2035 

 

 

Figure 9-1:  Overview of the two Sites for the Barrage 

Alternative 1 – One-Stage Concept 

The proposed dam axis for Alternative 1 is at kilometre 2036, just downstream of a 

natural bend and rapids at the Mekong River, at the village Ban Houaygno. The 

topographic conditions at this site would allow the construction of the scheme in one 

major construction phase (Navigation Lock, Powerhouse and Spillway constructed in 

parallel rather than in two consecutive construction phases), which could result in shorter 

overall construction times. Alternatively, a two staged construction concept would be 

possible at this site as well. 

After completion of the main construction activities (stoplogs/ gates set for intakes and 

draft tubes, Navigation Lock and Spillway operational) the river diversion would be 

closed and diverted through the Low Level Outlets of the Spillway. The left bank area 

would require a closing structure, e.g. by a RCC concrete gravity dam.  

The construction of the scheme would be from the right bank, the resettlement of the 

village Ban Houaygno would be on the critical path. This Alternative would require a 
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significant higher volume of excavation, but – due to the single stage construction concept 

- the construction time could be between 7 and 8 years (1 year for preparation work and 

7 years for constructions).  

As the site of Alternative 1 is about 1 km upstream of Alternative 2, the available head is 

about 20 cm less, resulting in about 0.7% lower electricity output (compared to 

Alternative 2). 

 

Figure 9-2:  Principal Arrangement of Alternative 1 

Alternative 2 – Two-Stage Concept 

Alternative 2 has its proposed dam axis at kilometre 2035, approx. 1 km downstream of 

Alternative 1, along a relatively straight river stretch.  

 

Figure 9-3:  Principal Arrangement of Alternative 2 
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Due to the topographic constraints in the width of the river stretch (rather steep slopes on 

both banks of the Mekong River along this stretch) the construction would need to be 

done in two construction stages. As the main Mekong River channel at this stretch is at 

the right bank, the construction has to start from the left bank with the Navigation Lock 

and the Spillway. In a second stage the powerhouse will be constructed in the right bank 

gorge of the Mekong River, construction of a major cofferdam and deep foundation level 

for the powerhouse is expected (slightly higher cofferdam and concrete quantities 

compared to Alternative 1).  

The total construction time for this alternative would be about 2 years for stage 1 and 5 

years for stage 2, resulting in about 8 years overall construction time excluding 

preparation work of 1 year.  

9.1.2 Assessment of the Alternatives 

A techno-economic assessment of the two alternatives has been carried out taking into 

account the following criteria: 

 Construction costs: Additional construction costs for Alternative 1 

 Construction time: Savings in Interests during Construction (IDC) due to the shorter 

construction time 

 Energy generation: Difference in available head and impact on the annual power 

generation 

 Logistics for construction 

The main differences between Alternative 1 and 2 are the shorter construction time 

(saving of 1 to 2 years), the required excavation volume and the slightly smaller output 

of Alternative 1. The following table shows the evaluation of the two alternatives and 

their main (technical differences). 

Table 9-1: Comparison of main Quantities for Alternative 1 and 2 

Parameter Alternative 1 Alternative 2 

Excavation ~12.0 M m3 ~4.0 M m3 

Concrete volume ~3.0 M m3 ~3.5 M m3 

Cofferdam Smaller compared to Alt. 2 ~4 M m3 for second stage 

Closing structure ~5 M m3 Not required 

Construction time ~ 7 years plus 1 year 
preparation work 

~ 2 + 6 years plus 1 year 
preparation work 

Construction Costs 

For this comparison it is assumed that the construction costs for Alternative 1 resulting 

from the additional excavation is significantly higher than for Alternative 2.  

Construction Time (Financing Costs) 
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For this comparison it is assumed that the savings in financing costs due to a shorter 

construction time of one to two years will compensate for the higher costs for the 

additional excavation works.  

Energy Generation 

The available head for Alternative 2 site is approx. 20 cm higher compared to Alternative 

1. With an estimated rated head of 30 m, this would be a reduction of about 0.67%, the 

installed capacity and the output will be about 0.67% lower for Alternative 1 compared 

to Alternative 2.  

Logistics 

Due to the shorter construction time Alternative 1 will require a higher workforce at peak 

times during construction, resulting in a larger camp. On the other side, Alternative 2 has 

a longer construction time resulting in higher running costs during construction.  

In respect to access to site and development of site (site installation) Alternative 1 is 

considered favourable, as the terrain in this area is less rugged and suitable flat areas for 

site installation can be constructed. Alternative 2 and the two staged construction concept 

would require a temporary fish migration during construction stage 2 (e.g. through the 

Navigation Lock).  

At this stage, these criteria are difficult to be assessed in monetary terms; overall 

Alternative 1 and the single construction stage concept is considered advantageous over 

Alternative 2.  

Comparison and Conclusions  

For the comparison of the two alternatives it is assumed that the higher construction costs 

for Alternative 1 will be outweighed by the reduction of the construction time and the 

savings in the financing costs.  

 

Besides the economics, the main advantage of Alternative 1 are the following: 

 Access to site: Alternative 1 can be reached via an existing access road, the required 

ferry crossings over the Mekong River can be established either at Bak Ou village, 

or at Luang Prabang. The need for the construction of new access roads is limited to 

mainly temporary roads within the project area, whereas for Alternative 2 a new 

access road at the left river bank crossing rather difficult terrain would be required.  

 Suitable terrain and space for site installation: Alternative 1 will be developed 

and constructed from the right river bank, where the terrain is suitable for the site 

development and temporary site installations. Alternative 2, on the other hand, needs 

to be developed from the left bank, where the terrain is rather steep and rough, 

making it more difficult to establish the site installations.  

 Shorter construction time: The overall shorter construction time of one to two years 

of Alternative 1 allows LPCL to target an earlier completion date and start of 

commercial operation date of the project.  

Alternative 1 is considered the most promising site for the Luang Prabang HPP. The 

geological site investigation and the design will commence for Alternative 1. After 

completion of the geological investigations, a re-assessment of the alternative project site 
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might be carried out. Until the final decision on the Alternative is done, Alternative 2 is 

still considered an option.  

9.2 Arrangement of Main Structures 

The optimal arrangement of the main components of the hydropower plant, especially the 

Navigation Lock, the Powerhouse and the Spillway is studied.  

For Alternative 2 the arrangement of the main components is determined by the two 

construction phase concept, i.e. in the first stage the Spillway and the Navigation Lock 

need to be constructed, resulting in the Navigation Lock and Spillway at the left bank, 

and the Powerhouse at the right bank.  

Alternative 1 would be envisaged to be constructed within one main construction stage, 

and two principle arrangements would be possible: 

 Alternative 1A: Powerhouse at the right bank next to the Navigation Lock, and the 

Spillway between the Powerhouse and diversion wall.  

 Alternative 1B: The Spillway at the right bank next to the Navigation Lock, and the 

Powerhouse between the Spillway and diversion wall 

For nautical reasons the Navigation Lock needs to be located at a river bank (safe area 

for waiting vessels). Due to the limited space available at the left bank for the construction 

of the Navigation Lock (the deep main river bed upstream and downstream), the 

Navigation Lock needs to be at the right bank of the river.  

Both alternatives require an intermediate wall between the spillway and powerhouse to 

ensure proper approach flow conditions towards adjacent units and gates.  

Additionally, the intermediate wall allows adequate space for fish passing facilities. The 

erection bay is divided in two parts to use the available space efficiently. Both bays are 

located immediately adjacent to the powerhouse.  

For the preliminary arrangement of cofferdams a design flood with a return period of 100 

years was selected (including a freeboard of 3 m). 

Alternative 1A 

The arrangement of Alternative 1A inclusive cofferdams and construction dykes is shown 

in Figure 9-4.  

The advantage of this arrangement is better hydraulic conditions for vessel entering the 

downstream approach channel of the Navigation (no disturbance from spillway 

operation).  

This arrangement would need an upstream fish migration facility (fish lift) at left bank of 

the spillway during wet season/ Spillway operation. The required space for a fish lift and 

attraction flow system is available in the diversion wall. 

Due to the lower elevation required for the tailrace channel, additional excavation 

(compared to Alternative 1B) is required for the tailrace channel of the powerhouse.  

Due to the length of the spillway and the stilling basin the diversion wall and connection 

with cofferdams needs to be longer for this Alternative 1A. Due to the limited space 

available, the diversion wall might have to be shifted further towards the right bank, 

resulting in additional excavation. Thus a higher construction risk is considered for 

Alternative 1A. 
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Figure 9-4:  Principal Arrangement of Alternative 1A 

 

Alternative 1B 

The arrangement of Alternative 1B inclusive cofferdams and construction dykes is shown 

in Figure 9-5. 

For this alternative the hydraulic design for the downstream entrance into the Navigation 

Lock/ approach channel bears the risk of cross-current, which have to be studied in detail. 

One option would be to leave a small “island” between the downstream spillway channel 

and the approach channel to protect the vessels entering the Navigation Lock approach 

channel.  

With an erection bay on both ends of the powerhouse, the diversion wall can be bended 

u/s and d/s, which reduces the construction risks (construction of the diversion wall 

towards the gorge u/s and d/s of this peninsula), the cofferdam would be designed as a 

sheet-pile cofferdam until enough space is available for a conventional cofferdam.  
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Figure 9-5:  Principal Arrangement of Alternative 1B 

 

Evaluation of the Alternatives 

The criteria used for the selection of the most promising location are: 

 Hydraulics 

 Sediment transport 

 Floats (arrangement of Log Boom) 

 Construction pit/coffer dam concept 

 Operational Aspects 

The arrangement will not have an impact of the electricity output, the capacity and energy 

generated will be the same for both arrangements since the available head for both are 

the same.  

A comparison of the two arrangements is shown in Table 9-2. Alternative 1A has 

advantages in the hydraulic performance (PH at outer bend, d/s entrance into the NL), but 

disadvantages in respect to floats handling (arrangement of log boom more difficult), 

higher construction risk (due to the longer diversion wall protruding into the river) and 

higher costs (mainly due to higher excavation volumes). The (hydraulic) disadvantages 

of Alternative 1B need to be accordingly addressed in the hydraulic design, CFD model 

and/or model tests are recommended. 

Due to the lower construction risks and slightly lower construction costs of Alternative 

1B, this alternative considered the most promising alternative.  

However, a re-arrangement of the main structures at a later stage is still possible, and 

further alternatives on the arrangement can be studied at a later stage (e.g. split of 

Spillway Construction, etc.).  
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Table 9-2: Comparison of the two Principle Arrangements for Alternative  1 

Parameter Alternative 1A Alternative 1B 

Excavation ~13.0 M m3 ~12.2 M m3 

Concrete volume ~3.0 M m3 ~3.0 M m3 

Diversion wall ~300 m ~270m, bended 

Hydraulics Outer bend better for PH PH in river course is not 
optimal. 

Floats (log boom 
arrangement) 

Difficult to arrange log boom 
effectively 
Flow conditions not 
favourable for log boom  

Easier to arrange between 
PH and left bank 
Better flow conditions at log 
boom 

Construction pit/ cofferdam 
concept 

Longer diversion wall 
Higher construction risk 

Shorter diversion wall 
Less risk regarding 
foundation of diversion wall  

Operational aspects  Impact of spillway on d/s 
entrance of NL approach 
channel needs to be studied 
in detail 

 

9.3 Optimisation of Installed Capacity 

A simplified energy model has been set up for the Luang Prabang HPP for the 

optimisation of the installed capacity. The model takes into account the layout of the 

planned power plant, the flow duration curve, the tailwater rating curve, water losses (due 

to operation of the Navigation Lock and Fish Migration Facilities) and other technical 

parameters. The energy model is based on an average flow duration curve. 

The optimisation is based on units with a design discharge of 765 m3/s, and arrangements 

with 6, 7 and 8 units (design discharge from 4,590 m3/s to 6,120 m3/s) were studied. An 

overall equipment efficiency of 92% (turbine, generator, transformers) has been taken 

into account. 

 

The following Table 9-3 provides an overview of the results of the optimisation of the 

installed capacity. The energy calculations are based on the flow duration curve based on 

measured data (2014 to 2018), which is a conservative approach for the optimisation. 

The incremental benefit/cost ratio is above 1 for the alternative with 7 units, while for the 

alternative with 8 units the ratio is below 1. Thus, the optimum arrangement is with 7 

main units and a design discharge of 5,355 m3/s. 
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Table 9-3: Results of the optimisation of Installed Capacity 

Parameter 6 units 7 units 8 units 

Electricity Output 6,166 GWh 6,396 GWh 6,540 GWh 

Revenues 388 M USD 402 M USD 411 M USD 

Incremental Benefits --- 140 M USD 99 M USD 

Add. Costs Equipment --- 45 M USD 45 M USD 

Add. Costs Civil --- 60 M USD 60 M USD 

Incr. Benefit/Cost  1.3 0.9 

(Parameters are estimates and for optimisation purposes only) 

9.4 Conclusions and Recommendations  

The alternative study shows clear advantages for the Alternative 1 and the single 

construction stage concept over Alternative 2 with the conventional 2 stage concept. 

However, the excavation volumes for this concept are rather high, while the actual 

construction time is estimated to around 7 years (about 1 - 2 years faster than with 

conventional two-staged concept. 

The preferred arrangement for Alternative 1 is with the Navigation Lock on the right 

bank, the powerhouse on the left side (in the middle of the Mekong River), and the 

Spillway between the Powerhouse and the Navigation Lock.  

The Spillway actually comprise two blocks, the first with the Low Level Outlets, and the 

second with the Surface Spillway bays. A further arrangement option would be to split 

the two blocks of the Spillway. The block with the Low Level Outlets would be placed 

between the Powerhouse and the Navigation Lock, and the Surface Spillway block on the 

left river bank. The Surface Spillway block would be constructed in a “second” 

construction phase, while the Mekong is diverted through the Low Level Outlets; 

impounding and start of operation can be achieved with a reduced spillway capacity (for 

an approx. 100 year flood) while the second Spillway block is constructed. This 

arrangement would on the one side reduce the required excavation volumes, but on the 

other side would require the construction (and removal) of a cofferdam up to FSL. This 

option, however, is planned to be assessed in a later development stage, e.g. as an option 

for the EPC Tendering.  

The optimisation of the scheme shows the optimum arrangement with 7 main units, which 

have to be optimized in terms of design discharge and runner diameter. 
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10 ENERGY PRODUCTION 

10.1 General 

An energy model has been built up for the Luang Prabang HPP reflecting the layout of 

the planned power plant, and is based on the 67 years daily inflow series (taking into 

account the Lancang Cascade), the tailwater rating curve, electricity tariffs, water losses 

(due to operation of the Navigation Lock and Fish Migration Facilities) and technical 

parameters and losses (e.g. transmission line, own consumption, availability). 

10.2 Model Input 

Capacity, Design Discharge Number of Units 

The total capacity of the Luang Prabang HPP depends on the available head (rated head) 

and the design discharge. With a design discharge of 765 m3/s per unit (5,355 m3/s for 7 

units) and a rated head of about 29.56 m, the installed capacity per unit is about 200 MW, 

totalling to 1,400 MW.  

An energy model has been built up for the Luang Prabang HPP reflecting the layout of 

the planned power plant as per the technical parameters as shown in Table 10-1 below: 

Table 10-1: Input for the Luang Prabang HPP Energy Model 

Parameter Main Units Auxiliary Units 

Rated Head 29.56 m 27.00 m 

Number of units  7 3 

Unit Discharge 765 m3/s 60 m3/s 

Design Discharge 5,355 m3/s 180 m3/s 

Installed Capacity 1,400 MW 60 MW 

Tailwater Rating Curve 

The rating curve as shown in Figure 12-3 has been used for the energy model. 

Equipment Efficiencies  

The efficiencies used for the energy calculation, including turbine, generator and 

transformer, are listed in Table 10-2. An average head loss of 0.50 m for the losses along 

the waterways (trashrack, intake, draft tube) has been taken into account.  

Table 10-2:  Equipment Efficiences used for Luang Prabang HPP  

 Efficiency 

Turbine (Kaplan) 94.0 

Generator 98.5 

Transformer 99.5 

Total 92.1 
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Inflow and Water Losses 

The inflow used for the simulation is the inflow series for the years 1951 to 2017 (no full 

data series for 2018 has been available) as shown in Figure 6-13. 

The assumed losses for the operation of the Fish Migration Facilities and the Navigation 

Lock operation are shown in Table 10-3. 

Table 10-3: Water Losses for Navigation Lock and Fish Migration Facilities 

 Discharge Comment 

Upstream Migration 80 - 180 m3/s 
5 m3/s 

Attraction Flow (from aux. PH) 
Fish Lock (no production) 

Downstream Migration 80 - 120 m3/s 
20 m3/s 

For u/s migration 
In D/S chute (no production) 

NL Attraction Flow  -- During spillway operation only 

Navigation Lock Operation 20 m3/s 24/7 Operation 

 

Availability and Own Consumption  

An average availability of 98% and one percent (1%) for own consumption has been 

assumed in the energy model. 

Transmission Line Losses 

The transmission line losses to the metering point (at the Thai/Lao border) have been 

assumed to 3% of the generated energy output.  

10.3 Simulation Results 

Energy simulation runs have been carried out in order to determine average annual 

electricity output and average revenues.  

The calculation of the average annual energy generation and revenues figures are based 

on the 67 year daily inflow series (1951 to 2017) and the single tariff structure. The 

sellable electricity for the simulated time series from 1951 to 2017 is shown in Figure 

10-1. The average (sellable) output is 6,424 GWh/a, the maximal and minimal values are 

7,258 GWh/a and 5,465 GWh/a respectively.  

The average monthly output varies between 300 and 400 GWh during the dry season, and 

between 500 and 1000 GWh during the monsoon season. Figure 10-2 shows the average 

generated electricity on a monthly basis, including maximal and minimal energy output 

of the 67 year time series. 
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Figure 10-1:  Energy Output for the Time Series 1951 - 2017 

 

 

Figure 10-2:  Monthy Energy Output 

In order to assess the impact of the hydrological variation on the energy output the 

percentiles P50, P75, P90 and P95 are given in Table 10-4. The 90% percentile (P90) is 

the generation which will be reached for 90% of the years.  

 

Table 10-4: Impact of Hydrological Variation on Energy Output  

Percentile Energy Output 
[GWh/a] 

P50  6,408 

P75 6,174 

P90 5,986 

P95 5,927 
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11 PROJECT CONCEPT AND OPERATIONAL ASPECTS 

11.1 General 

The Luang Prabang HPP is a barrage type hydroelectric run-of-river scheme which 

comprises: 

 Powerhouse equipped with 7 Kaplan turbine/generator sets with total installed 

capacity of 1,400 MW, and the maximum gross head is 36.80 m 

 Auxiliary units using water from fish attraction flow for the upstream and 

downstream migration facilities (approx. 180 m3/s), totaling to 60 MW capacity 

 Spillway structure with six (6) radial surface gates (19 m x 25 m, sill level 288.0 m). 

Three (3) low level outlets (12m x 16m, sill level 275.0m) 

 Two-step Navigation lock system for 2x500 DWT vessels 

 Fish pass system for up- and downstream migration 

 500 kV transmission line to Vietnam with an approximate length of 400 km to the 

Vietnamese border and 200 km to the next suitable substation. Alternatively to 

Thailand with an approximate length 250 to 300 km. 

11.2 Normal Operation 

The Luang Prabang HPP is a Run-of-River type hydropower plant, i.e. the discharge 

through the powerplant (Powerhouse, Spillway) equals the inflow, and the Full Supply  

Level will be maintained most of the time during operation (increase of decrease of the 

FSL might be required during spillway operation or other exceptional operating cases). 

For practical purposes (control system) an “operating range” for the FSL of around 

0.50 m will be required, i.e. the FSL will vary between 312.00 and 312.50 m asl.  

11.3 Spillway Operation 

During Flood Operation the excess water (water not used for generation of electricity 

and/or operation of the Navigation Lock and Fish Migration Facilities) will be spilled 

through the Spillway. The Spillway comprise Low Level Outlets and Surface Spillway 

bays.  

The operation of the Spillway will be such that the first bays in operation will be the Low 

Level Outlets in order to route “turbidity currents” through the spillway and to minimise 

sedimentation in the reservoir area. When the capacity of the Low Level Outlets is 

reached the Surface Spillway will start operation. All gates of the Surface Spillway will 

be equipped with flap gates to allow spill of floating debris in front of the Spillway into 

the tailwater area.  

11.4 Operation of the Navigation Lock 

According to the MRC Guidance the Navigation Lock has to be operated between a 30 

years flood and 95% flow duration of the river in natural conditions, leading to an 

operating range for flows in the Mekong River between 1,100 m3/s and 21,700 m3/s. The 

maximum head difference between upstream and downstream is about 35.5 m. 

The maximum upstream water level is at elevation 312.00 m asl, equal to Full Supply 

Level (FSL) or Normal Operating Level (NOL), and the minimum downstream water 
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level is about 276.50 m asl. During impounding the Navigation Lock needs to be 

operational even when the FSL is not reached; the minimum upstream water level for the 

operation of the Navigation Lock is 294.25 m asl (Lowest Operating Level, LOL). 

The filling of the chambers of the Navigation Lock is done via a gravity based feeding 

system from the headwater of the plant controlled by bonneted gates. The lockage time 

for a two-step ship lock is expected to be shorter than the required 50 minutes.  

11.5 Operation of the Fish Migration Facilities 

According to the MRC Design Guidance fish passage facilities have to operate from 

minimum flows to a 1-year flood, leading to an operating range for flows in the Mekong 

River between 1’170 m3/s and ~10,650 m3/s, or tailwater levels between 276.7 m asl to 

287.4 m asl. 

Facilities for upstream and downstream migration are provided at the following 

structures: 

 Upstream migration at the powerhouse: When the spillway is not in operation 

(usually during the dry season), upstream migrating fish will be attracted by the 

powerhouse discharge and will enter into the upstream fish passing facilities at the 

powerhouse and left pier. This fish migration system will be operated throughout the 

year. 

 Downstream migration at the powerhouse: The main downstream fish migration 

system provides entrances along the upstream face of the powerhouse and a 

collecting gallery, where the fish are guided to the right pier and released down to 

the tailwater through the terminal chute. This downstream migration system will be 

operated throughout the year. Additionally, fish friendly turbines are provided for 

fish small enough to pass through the trash rack of the power intakes. 

 Downstream migration through the spillway: Downstream migration is also 

possible through the spillway (when in operation). 

 Upstream migration at the right bank (at the Navigation Lock): When both the 

powerhouse and the spillway are in operation (usually during wet season), fish 

migrating upstream will be also attracted into the spillway discharge channel. 

Fishpassage through an additional upstream fish migration system at the right bank 

is foreseen to allow passing fish at the right bank during operation of the spillway. 

This system is only in operation when excess water is spilled through the spillway. 

In addition, an entrance on the spillway left side and connected to the powerhouse 

migration system will put in operation. 
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12 HYDRAULIC DESIGN 

12.1 Tailwater Rating Curve 

The tailwater rating curve for Luang Prabang HPP was calculated based on a 1D-

hydrodynamic model. The software package used is FLORIS2000, which was developed 

by ETH Zurich. The advantage of this software package is its capability to take into 

account operating rules for hydropower plants and spillways.   

The model covers a reach of approx. 25 km length from Soupanouvong gauging station 

to several kilometres upstream the dam site (Figure 12-1). The riverbed and flood plain 

geometry is defined by 50 cross sections (from June 2016).  

 

 

Figure 12-1:  Overview of model domain and location of cross sections 

 

For the lower boundary of the model the rating curve for the gauging station 

Soupanouvong provided by XPCL (Figure 12-2) was taken into account as the outflow 

boundary condition. For high flood discharges this rating curve was extrapolated. 

 

HPP location 

Model domain 
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Figure 12-2:  Rating curve of Soupanouvong gage (source: XPCL) 

 

Between the dam site and the Soupanouvong gauge, two major 2 tributaries join the 

Mekong River, namely Nam Ou River and Nam Suang River. In the simulation these two 

rivers are considered as one lateral inflow at Nam Ou junction (conservative assumption; 

discharge from Nam Ou is much higher than the Nam Suang discharge). The inflow data 

used for the hydraulic calculations are based on the hydrological analysis (see chapter 

6.6).  

No observation data, i.e. measured water level and discharge measurements, were 

available for model calibration. However, the model was parametrized based on 

information available in a previous study (Optimization study of Mekong Mainstream 

Hydropower, CNR 2009). This study provides calibrated roughness values as well as 

longitudinal profiles for Mekong water levels. For the main channel a roughness 

coefficient in the range of 20-22 m1/3/s (Strickler coefficient) and for the flood plain a 

value of 7.0 m1/3/s are postulated.  

A calibration of the hydraulic model was carried out using the longitudinal profiles from 

the CNR study. The resulting Strickler-value corresponds to 25 m1/3/s, which takes into 

account the higher resolution of cross sections (with more cross sections the river can be 

modelled more accurately, and the roughness – a summarized parameter for surface and 

shape roughness - will reduce accordingly. 

The simulation results for the Luang Prabang tailwater rating curve are given in 

Table 12-1 and plotted in Figure 12-3. Flood discharge values higher than 20,000 m³/s 

are based on the extrapolated rating curve for Soupanouvong and are less accurate. 
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Table 12-1: Tailwater Rating Curve for Luang Prabang HPP 

Discharge  

[m³/s] 

Tailwater level  

[m asl] 

Discharge  

[m³/s] 

Tailwater level  

[m asl] 

516 274.77 17,000 291.95 

1,000 276.31 18,800 292.98 

2,000 278.59 20,600 293.89 

3,000 280.18 21,700 294.42 

3,213 280.43 22,900 294.97 

4,000 281.34 24,400 295.59 

5,000 282.44 25,800 296.04 

7,500 284.87 27,800 296.67 

10,000 286.93 29,300 297.12 

12,500 288.85 32,700 298.13 

13,700 289.71 34,100 298.53 

15,000 290.62 39,500 300.01 

 

 

Figure 12-3:  Rating curve of Luang Prabang dam site  

12.2 Backwater Calculations 

12.2.1 Hydraulic Model and Calibration 

Backwater calculations have been carried out to simulate the impact on the water levels 

in the reservoir of the Luang Prabang HPP. The calculations have been performed for the 

actual natural state and a FSL at 312.0 m a.s.l.  
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For the simulations a hydrodynamic 1D-model based on river cross sections of the 

Mekong Mainstream was set up. The HEC-RAS software package developed by the US 

Army Corps of Engineers was used for these simulations.  

The model geometry is based on river cross sections from the bathymetric survey carried 

out. These 350 river cross sections cover the complete future reservoir section and have 

a mean distance between each cross section of approx. 0.5 km.  

The calibration of the model has been done based on the results of the CNR study 

(Optimization study of Mekong Mainstream Hydropower, CNR 2009). Therein 

longitudinal sections of Mekong water levels are presented which were taken for the 

calibration of the backwater model, with the focus on the following three representative 

discharges at the Mekong River discharges: 

 3,170 m³/s  

 14,000 m³/s 

 24,000 m³/s 

The results of the calibration are shown in Figure 12-4. Besides a good overall fitting 

between the simulated and measured water levels, the reach between the cross sections 

2092 to 2116 the simulated levels differ somehow from the measured. However, these 

inaccuracies are at an elevation below 310 m asl, and their impact on the final results are 

considered minimal.  

 

 

Figure 12-4:  Calibration of Hydraulic Backwater Model for Luang Prabang HPP 

 

12.2.2 Results 

Longitudinal Section 

With the calibrated model the backwater calculations have been carried out and the 

impacts compared to the actual natural state were simulated. Based on the design capacity 

of the spillways a constant headwater level up to the PMF was applied in the simulations. 

Figure 12-5 shows the longitudinal section for the natural conditions and with the Luang 

Prabang HPP (at FSL of 312 m asl) for selected river discharges. The area up to approx. 
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75 km from the barrage is determined by the FSL at Luang Prabang HPP. Further 

upstream, the backwater curve is almost horizontal at 312.0 m asl at lower discharges, 

and closer to the natural conditions during flood events.   

 

 

Figure 12-5:  Impact of Luang Prabang HPP on Backwater  

 

Impact on Pak Beng HPP 

The impacts on the tailwater of the upstream Pak Beng HPP have been studied with this 

hydraulic model. The impacts on the tailwater levels at Pak Beng have been determined 

for natural conditions, as well as for a range of the FSL from 310.0 m asl to 314.0 m asl 

(in one meter intervals).  

The loss in energy generation at the Pak Beng HPP as a function of the full supply level 

at Luang Prabang HPP is shown in Table 12-2. The calculations for the decreased 

production at Pak Beng is based on the increase of the tailwater levels, assuming a turbine 

design discharge of 5,000 m3/s, an overall equipment efficiency of 90%, headlosses of 

3%, own consumption of 1.5%, transmission line losses of about 3% and an overall plant 

availability of 96%.  

 

 

 

 

 

 

Table 12-2: Impact of FSL at Luang Prabang HPP on Energy Generation at Pak Beng 
HPP (Basis: FSL = 310.0 m asl) 
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FSL 
[m asl] 

Energy Loss in  
Pak Beng 

Add. Energy in  
Luang Prabang 

311.0 - 105 GWh/a 202 GWh/a 

312.0 - 219 GWh/a 405 GWh/a 

313.0 - 341 GWh/a 607 GWh/a 

314.0 - 471 GWh/a 809 GWh/a 

 

12.3 Sediment Transport Model 

12.3.1 General 

In order to analyse sediment transport characteristics and to estimate the effects of the 

Luang Prabang HPP on the sediment regime in the backwater area a sediment transport 

model was established. Sediment transport usually depends on transient sediment 

mobilisation processes and event triggered sediment discharges, which can only be 

roughly simulated using a numerical model. 

12.3.2 Methodology 

The one-dimensional numerical model GSTARS 2.1 has been used for the modelling of 

the water flow and sediment transport in the future Luang Prabang HPP backwater 

In a first step a hydraulic model was established and calibrated using the water levels 

published by CNR (September 2009) for defined discharges.  

In a next step the the sediment module was used to study a variety of sensitivity cases to 

provide evidence to sediment transport parameters. Final simulations over a period of 21 

years in daily time steps were performed for natural state conditions and conditions with 

the Luang Prabang HPP. 

12.3.3 Sediment Transport Model 

The model of the backwater covers a total of 148 km from Mekong kilometre 2,036 to 

kilometre 2,184, and was set up as one stream tube. The average channel slope of the 

reach referred to the lowest profile points (thalweg) is 0.56 m/km.  

The cross section geometry is mainly based on river cross sections used by CNR in their 

2009 study. A total of  38 river cross sections cover the complete future reservoir and 

have a mean distance between each section of approx. 4 km. 

For the simulations a hydrodynamic 1D-model based on river cross sections of the 

Mekong mainstream was set up. The calibration of the hydrodynamic model has been 

done similar to the Backwater Calculations based on the outcomes of the CNR study 

(Optimization study of Mekong Mainstream Hydropower, CNR 2009). Therein 

longitudinal sections of Mekong water levels are presented which were taken for the 

calibration of the hydrodynamic model. 

Daily river flow data for a 21 year period from 1997-2017 (see Figure 12-6) were used 

for the simulations. The water levels represent the natural conditions and conditions with 

Luang Prabang HPP. Discharges or sediment input from tributaries have not been taken 

into account.  
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Figure 12-6:  Daily River Flow Data used for the Sediment Transport Model (1997-2017) 

 

The main parameters of the sediment transport model is the grain size distribution of the 

sediments along the river deb  (defined at the cross sections) and the sediment loads from 

upstream reaches (upper boundary condition). Table 12-3 shows the six (6) grain size 

fractions defined for the sediment transport model. 

Table 12-3: Sediment Size Fractions 

Number Separate 
Lower threshold  

[mm] 
Upper threshold  

[mm] 

1 fine silt/clay 0.0006 0.020 

2 coarse silt 0.020 0.063 

3 fine sand 0.063 0.20 

4 medium sand 0.20 0.63 

5 sand 0.63-1 mm 0.63 1.0 

6 sand 1-2 mm 1.0 2.0 

Grain size distribution of the river bed is based on 10 samples taken from various 

locations (river bank material) along the backwater area of the Luang Prabang HPP (taken 

on 12th April 2019). The samples were taken at Mekong kilometres 2040, 2076, 2100, 

2124 and 2172, each at the right and left river bank. The grain size distribution is shown 

in Figure 12-7. The grain size distributions of the 10 samples cover a range from silt to 

sand. The average distribution of these 10 samples is used as the sediment size 

distribution for the river bed. The specific gravity of the 10 samples are in a homogeneous 

range from 2.4 – 2.6 g/ml (average of 2.51 g/ml was used in the model). 

Six (6) water samples taken at Supanuvong station, Luang Prabang station and Houa Yo 

were analysed for suspended sediments (provide an indication for suspended sediment 

loads). These samples show total suspended solids between 10 and 60 ppm, with an 

average value of 38.3 ppm. These low figures correspond to the seasonality of suspended-

sand discharge, which shows minimal loads around April. 
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Figure 12-7:  Grain Size Distribution of River Bank Material 

 

Additional information about suspended sediment data is available in the MRC report 

“Discharge Sediment Monitoring Project (DSMP) 2009 – 2013 Summary & Analysis of 

Results; Final Report (L. Koehnken, Mekong River Commission (MRC) 07/2014)”. The 

suspended sediments in the section between Chiang Saen and Luang Prabang are 

dominated by sand. The estimated annual suspended sediment load for Luang Prabang 

are approx. 22.3 Mt/y (values based on Liu et al, 2012; Koehnken, 2014 and ICEM, 

2010). 

An estimation of the sediment rating curve for the Luang Prabang HPP site taken from 

Koehnken (2014) is shown in Figure 12-8 (the shown curves for the stations Chiang 

Saeng and Luang Prabang are very similar). 

The sediment rating curve defines the sediment load as a function of the discharge. The 

assumed exponential equation between water discharge and sediment load derived from 

the curve in Figure 12-8 is: 

QSED = 0.005 * QWATER
1.96 

Applied to the given discharge of the time series 1997-2017 the average sediment load of 

this period amounts 22 Mt/y. 

Based on the Discharge Sediment Monitoring Project and the findings of Koehnken 

(2014) the sediment load entering the model reach is dominated by fine sand. Table 12-4 

shows the distribution of the sediment fractions for different river discharges. 

The parameter for active layer thickness was chosen in order to simulate stable conditions 

of sedimentation processes for the natural state (the active layer thickness defines the 

sediment that is available for transport at each time step). In general sediment transport 

parameters were defined with default values. 
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Figure 12-8:  Comparison of Sediment Rating Curves for DSMP Monitoring Sites 
(Possible Curve for Luang Prabang HPP Marked in Red) 

 

Table 12-4: Sediment Grain Size Distribution Entering the Model Reach 

Soil separate [mm] 
Q [m³/s] 

0 1850 3170 14000 24000 

fine silt/clay 0.0006 - 0.02 5 % 5 % 5 % 5 % 5 % 

coarse silt 0.02 - 0.063 75 % 50 % 20 % 20 % 20 % 

fine sand 0.063 - 0.2 20 % 45 % 75 % 75 % 75 % 

12.3.4 Sensitivity Study 

Several sensitivity cases were defined to study the impact of the sediment input, grain 

size distribution of the river bed and the active layer thickness. The analysis is applied to 

the natural condition and conditions with Luang Prabang HPP, the results are shown for 

the longitudinal section/thalweg in Figure 12-9 for the natural conditions and in Figure 

12-10 for the conditions with the Luang Prabang HPP.  

Reducing the sediment input at the upper end of the mode to about 15% of the original 

load leads to a decreased sediment deposit in the downstream reaches (downstream of 

km 2088) for natural conditions, and in the whole reach for the conditions with Luang 

Prabang HPP. Doubling the sediment input in the upper end of the model leads to an 

increase of the sediment deposits for both cases. The effect of modified parameters of the 

input function shows less impact on the results.  

Varying the active layer thickness (ALTH=50) shows tendency towards increased scour 

(km 2108-2152) for natural conditions, while for an decreased active layer thickness 

(ALTH=1) an increased tendency towards deposition (km 2160-2184) can be observed 

for the condition with Luang Prabang HPP. 

Variation of sediment size distribution of the river bed has low impact on river bed 

development for the HPP conditions. For natural conditions the effects of stabilising the 

river bed by coarse grain sizes and mobilising due to increase of the active layer thickness 

interfere with each other. Concerning the sediment size distribution entering the reach 

deposition is more likely for coarser sediments. 
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Table 12-5: List of the Sensitivity Cases used for the Sediment Transport Model 

Name 
Sediment load 

(entering reach) 
Sediment size 

(entering reach) 
Sediment size 

(cross sections) 
ALTH 

Final Version 0.005 / 1.96 sand/silt (dep. Q) average sample 4 

SED_CS_1   gravel  

SED_CS_2   sandy gravel  

SED_CS_3   medium sand  

SED_IN_1  sand/silt   

SED_IN_2  coarse sand/silt (dep. Q)   

SED_IN_3  coarse sand/silt   

SED_LD_1 15 %    

SED_LD_2 200 %    

SED_LD_3 0.09 / 1.64    

ALTH_1    1 

ALTH_2    15 

ALTH_3    50 

 

 

Figure 12-9:  Results of Sensitivity Analysis for Natural Conditions 
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Figure 12-10:  Results of Sensitivity Analysis for Condition with Luang Prabang HPP 

 

12.3.5 Results of Sediment Modelling 

The results of these sediment transport model have to be seen as an rough estimate of the 

sediment transport processes, mainly due to the general accuracy of sediment transport 

modelling and the available data sources.  

Sediment transport in nature is very often depends on transient sediment mobilisation 

processes and event driven sediment discharges, which can only be roughly emulated by 

using numerical models. 

Sediment transport calculations have been carried out to simulate the impact on the water 

levels in the future Luang Prabang Reservoir. The calculations have been performed for 

the actual natural state and a FSL at 312.0 m asl. 

Figure 12-11 shows the longitudinal profile along the thalweg for natural conditions (dark 

blue line) and impoundment due to Luang Prabang HPP (light blue line) added by the 

thalweg taken for the start of the simulation period (red line).  

The river bed under the assumption of natural conditions generally shows quite stable 

elevations along the thalweg especially upstream of km 2100. Downstream of km 2100 

a higher gradient of the river deb results in a higher potential of scouring.  

Between km 2084 and 2036 the available river profiles indicate a narrow river stretch of 

Mekong River. The sediment model indicates a tendency for deposition. Especially the 

downstream profile of this narrow stretch shows high deposition due to edge effects of 

the simulated reach and low profile points. 

The results for the condition with Luang Prabang HPP shows in general a potential for 

sediment deposit along the entire reach, with a higher potential for deposition between 

km 2052 and 2164. Sediment is deposited in the upper part of the reach, thus less sediment 

deposits are shown further downstream near the Luang Prabang HPP. Results of 

transported material show for the condition with Luang Prabang HPP a significant 

content of fine silt/clay material, while coarse silt is still transported out of the reach, 

whereas most of fine sand material is deposited. 
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Figure 12-11:  Results of Sediment Transport Model for Natural Conditions (Dark Blue) 
and Conditions with the HPP (Light Blue) 

 

12.4 Hydraulic Design Spillway 

12.4.1 Hydraulic Model Tests 

The principal spillway arrangement as well as the main dimension of both types of 

spillway bays have been adopted from the Xayaburi HPP (both, the Low Level Outlet 

and the Surface Spillway bays are identical in Xayaburi HPP and Luang Prabang HPP), 

where the spillway facilities as well as the hydraulic performance of the project layout 

were studied intensively and optimised in regard to all required performance criteria in 

physical model tests performed at the Asian Institute of Technology (AIT) in Bangkok.  

The physical model testing has been documented in detail. An analysis of the Xayaburi 

model test data has been performed by AIT, and capacity spillway curves have been 

elaborated for the spillway of the Luang Prabang HPP. Reference is made to the following 

reports for further information: 

Asian Institute of Technology, Water Engineering and Management. “Physical 

Hydraulic Model Study of Xayaburi Hydroelectric Power Project, Lao PDR, Final 

Report” (2013). 

Asian Institute of Technology, Water Engineering and Management. “Application 

of Xayaburi HPP Surface Spillway and Low-Level Outlet Model Test Results for 

Luang Prabang Hydroelectric Power Project” (May, 2019). 

Capacity Curves for fully open Surface Spillways and Low Level Outlet bays 

Capacity curves for the Surface Spillways and Low Level Outlet bays and have been 

determined based on the results of tests 1D and 1E, respectively as documented in the 

above mentioned reports. 
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12.4.2 Spillway Capacity 

General Approach 

The subject of this chapter is to determine the maximum capacity of the spillway facilities 

where the spillway gates are in fully open position.  

Discharge rating curves for the Low Level Outlets and the Surface Spillways have been 

prepared by AIT based on results of the detailed (flume) model tests of scale 1/60. 

Furthermore a discharge rating curve for the entire spillway in operation has been 

prepared. In order to determine the discharge capacity for the design flood (with one gate 

not operational) calculations have been done based on the rating curves for each 

individual gate type under the consideration of a reduction factor due to unfavourable 

approach flow conditions.   

Verification of applicability of model test results for the Luang Prabang Spillway 

The discharge rating curve for the entire spillway prepared by AIT is determined based 

on the results of the flume model tests. Since the flume model tests have been carried out 

with tailwater levels corresponding to the flume discharge only, the spillway discharge 

rating curves determined by AIT might be slightly on the optimistic side. 

Physical model tests for the entire Luang Prabang HPP (including upstream and 

downstream approach) are planned to be carried out in Q3 2019. Aim of this model tests 

is to optimise the overall hydraulic performance of the hydropower plant, including tests 

on the overall spillway capacity.  

Until the results of these tests are available, the spillway rating curves adopted with a 

reduction factor to take into account unfavourable flow conditions in the spillway 

approach are used, which are assumed to be slightly on the conservative side.  

Results 

The results of the spillway discharge calculations are provided below. Figure 12-12 

shows the rating curves for the Low Level Outlet bays and Surface Spillway bays for 

uncontrolled (fully opened gates) flow. The model test result data sets represent the rating 

curves derived directly from physical hydraulic model tests while the calibrated data sets 

refer to rating curves to be used for the capacity calculations of the spillway.  

Figure 12-13 shows the total capacity of the spillway with all gates fully open as well as 

for the condition when one gate is inoperable ((n-1)-condition). It is derived by applying 

aforementioned reduction factors for fewer gates considered in the model compared to 

the prototype being designed as well as by the referencing them to the decisive elevations 

of the Luang Prabang HPPs spillway. 
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Figure 12-12:  Discharge Rating Curves for the Fully Open Low Level Outlets and 
Surface Spillways (Reduction Factor due to Number of Bays not 
Considered) 

 

 

Figure 12-13:  Total Spillway Capacity as Function of the Headwater Level; the Red 
Series Represents the (n-1) Condition while the Blue Series Considers All 
Bays Fully Open 

Based on these rating curves for the Luang Prabang Spillway the resulting upstream water 

levels are 314.20 m asl for PMF and 313.60 m asl for the 10,000 year design flood (one 

Surface Spillway Gate not in operation). 

 

 

For 
PNPCA O

nly



Luang Prabang HPP  115002924 
Feasibility Study Report  138 
 

 

Copyright © Pöyry Energy Ltd. 

12.5 Hydraulic Design of Navigation Lock 

12.5.1 General 

The design of the feeding system needs to be hydraulically optimized in order to: 

 Eliminate as far as possible surface flow and translation waves, which might lead to 

unacceptable forces in the mooring ropes; 

 Limit the filling velocities to the cavitation limits in the system 

In order to achieve these criteria, a uniform filling/ emptying of the lock chambers via 

the diffuser system is necessary. CFD modelling of the water conduit system (intake, 

outlet, main conduit, diffuser and openings) has been carried out to demonstrate the 

hydraulic performance of the water feeding system.  

12.5.2 CFD Analysis of the Feeding System 

Intake 

The intake is located in the left Navigation Lock pier, upstream of the upper lock 

chamber: The intake comprise of three (3) bays, each bay is 5.0 m wide and 4.5 m high, 

and the sill at EL 291.00 m asl. The intake is designed for a total discharge of 100 m3/s 

and feeds the main conduit located inside the left Navigation Lock pier.  

The main hydraulic design criteria for the intake are: 

 Avoidance of vortexes 

 Maximum velocity at the entrance of 2.0 m/s 

 Uniform flow along all three intake bays 

A CFD analysis of the intake has been carried out. Figure 12-14 shows the velocity field 

at the intake for the design discharge of 100 m3/s. The average velocity at each intake bay 

is about 1.5 m/s, and a uniform distribution along all three intake bays can be achieved 

with the current design.  

 

 

Figure 12-14:  Velocity Field at the Intake for a Design Discharge of 100 m3/s 
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Water Conduits 

The main water conduit is inside the left Navigation Lock pier, and distributes the water 

between the intake, diffuser system of each lock chamber, and the outlet. The main water 

conduit is a single conduit, and has a uniform section with a width of 3.0 m and a height 

of 4.5 m. The average velocity inside the main conduit is about 7.4 m/s.  

Diffusers and Outlets 

The flow distribution at each lock chamber is done by seven (7) diffusers, leading the 

water transversely from the main water conduit along the bottom of the navigation lock. 

The water flows into the lock chamber via five (5) rectangular openings.  

The diffuser conduit has a width of 1.50 m and a height of 1.20 m, and each opening has 

a size if 1.50 m (in the direction of the lock axis) by 0.45 m.  

The diffusers and outlet are designed to achieve a uniform flow into the lock chamber 

along all openings.  

CFD analyses have been carried out studying the velocities at the diffuser openings at 

filling and emptying for each lock chamber. Figure 12-15 shows the velocity field at a 

diffuser at the Upper lock during filling. The maximal velocities inside the lock chamber 

(just at the exit at the opening) for a total discharge of 100 m3/s is about 4 m/s; taking into 

account a minimum depth of 5 m, the jet should not directly impact the ship hull during 

filling at the minimum eater level in the lock chamber.  

 

 

Figure 12-15:  Velocity Field at a Diffuser at the Upper Lock during Filling 

 

The flow distribution along the diffuser at a lock varies slightly during filling and during 

emptying. A higher asymmetry is found in the flow distribution through the openings. 

However, these asymmetries are not considered critical for the operation of the 

Navigation Lock and the ships/vessels in the locks during filling and emptying.  

Outlet 

The outlet comprise three bays with a height of 4.5 m and a width of 3.3 m (first two 

bays) and 4.7 m (third bay). The hydraulic contours of the outlet have been optimised to 

provide a uniform distribution along the three bays.  
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A CFD analysis of the outlet has been carried out. Figure 12-16 shows the velocity field 

at the outlet for the design discharge of 100 m3/s. The average velocity at each outlet bay 

is about 1.5 m/s, and a uniform distribution along all three outlet bays can be achieved 

with the current design.  

 

 

Figure 12-16:  Velocity Field at the Outlet for a Design Discharge of 100 m3/s 

 

12.5.3 Filling/ Emptying Time 

For the filling/emptying of the lock chambers the following criteria have to be met: 

 Maximum filling and emptying time of 10 minutes 

 Limitation of the discharge to 110 m3/s (10% above design discharge) 

 Control of the discharge using the service gates of the water feeding system 

The simulations of the filling/emptying have been carried out using the “Hydraulic 

System” software package from EPFL (École Polytechnique Fédérale de Lausanne).  

The results of the simulations for filling and emptying the upper and the lower lock 

chambers are shown in Figure 12-17 (filling of upper lock chamber), Figure 12-18 

(emptying of upper lock chamber/filling of lower lock chamber) and Figure 12-19 

(emptying of lower lock chamber). The filling/ emptying times are well below the 

required 10 minutes.  
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Figure 12-17:  Filling of the Upper Lock Chamber 

 

 

Figure 12-18:  Emptying of the Upper Lock Chamber, Filling of the Lower Lock Chamber 

 

 

Figure 12-19:  Emptying of the Lower Lock Chamber 
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12.6 Overall 2-Dimensional Mathematical Model 

12.6.1 General 

In order to optimise the overall hydraulic design of the Luang Prabang HPP an overall 2-

dimensional mathematical model has been set up for the hydropower plant. The basis for 

the 2-dimensional hydraulic model is the 3-dimensional elevation model of the Mekong 

River bed from the bathymetric survey and the design drawings.  

The aim of the 2-D model is to optimise the hydraulic flow conditions upstream and 

downstream of the hydropower plant, in particular:  

 Upstream Spillway approach and optimisation of the excavation, 

 Upstream approach to the Powerhouse for different flow conditions (with and 

without spillway operation, 

 Tailrace of Powerhouse, optimisation of the excavation requirements in terms of 

gross head for power generation, 

 Spillway tailrace, optimisation of the excavation requirements, 

 Downstream approach channel for Navigation Lock, optimisation of hydraulic 

design of entrance from Mekong River. 

Software Package 

The hydraulic simulations were carried out with the 2-dimensional hydrodynamic 

numerical simulation software BASEMENT, which is was developed at the Swiss 

Federal Institute of Technology Zurich. Basement solves the shallow-water equations on 

unstructured finite volume meshes. 

Roughness Coefficients 

Based on Pöyrys experience in hydraulic 2-dimensional modelling and typical roughness 

coefficients found in literature, the following roughness coefficients as listed in Table 

12-6 have been applied. 

 

Table 12-6:  Roughness Coefficients  

Area Strickler  (KSt) Manning (n) 

River bed 30 m1/3 /s 0.033 

Forest 10 m1/3 /s 0.100 

Agriculture 18 m1/3 /s 0.056 

Flood planes 15 m1/3 /s 0.067 

Digital Elevation Model 

The basis for the 2-dimensional hydraulic model is the 3-dimensional elevation model of 

the Mekong River bed from the bathymetric survey and the design drawings for the 

diversion wall and the upstream and downstream cofferdams.  
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12.6.2 Hydraulic Design River Diversion 

Objective 

The hydraulic capacity of the planned river diversion and construction pit concept was 

analysed based on a 2-dimensional overall hydraulic model with the following objectives: 

 Hydraulic capacity of the remaining river channel for the safe diversion of natural 

floods during the construction,  

 Clearly defined sub-critical flow conditions during river diversion (Froude number < 

0.75), 

 Determining design water levels along the cofferdams and diversion wall, 

 Flow distribution and optimisation of the river diversion,  

 Other relevant design aspects (e.g. velocities along cofferdams for embankment 

protection).  

Simulated discharges and boundary conditions  

To provide a clear overview of the hydraulic conditions to be expected during diversion, 

simulation runs have been performed for peak discharges of design floods with return 

periods of two, five, ten, fifty and one hundred years. The downstream boundary 

condition of the model has been calibrated so that the water levels downstream of the 

diversion measures correspond to the design tailwater rating curve for the Luang Prabang 

HPP.  

Results 

The simulation results for the 100 year flood are shown in Figure 12-20 and shows 

maximal velocities are in the range of 6 m/s.  

The water levels along the cofferdam in the range of 297.80 m asl at the upstream 

cofferdam, and about 295.30 m asl at the downstream cofferdam for a 100 year flood. 

The water levels and maximal velocities in the diversion are shown in Table 12-7. 

Table 12-7:  Water Levels at Cofferdam During Construction  

Return interval Q LP HPP U/S Cofferdam Diversion Wall D/S Cofferdam 

2 12,800 m3/s 290.7 m asl 289.2 m asl 289.0 m asl 

5 16,200 m3/s 293.3 m asl 291.4 m asl 291.4 m asl 

10 18,200 m3/s 294.6 m asl 292.6 m asl 292.6 m asl 

50 22,200 m3/s 297.1 m asl 294.7 m asl 294.7 m asl 

100 23,800 m3/s 297.8 m asl 295.3 m asl 295.3 m asl 
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Figure 12-20:  Velocities at River Diversion During a 100 Year Flood 

 

12.6.3 Spillway Approach Channel 

Objective 

The hydraulic conditions in the upstream approach to the Spillway was analysed based 

on a 2-dimensional overall hydraulic model with the following objectives: 

 Uniform acceleration from the reservoir towards the Spillway, 

 Largely uniform flow conditions in the upstream approach, 

 Optimization of the excavation works in the upstream approach channel, 

 Optimization of the hydraulic contours towards the Right Pier. 

Simulated discharges and boundary conditions  

To provide a clear picture of the hydraulic conditions at the upstream approach channel, 

simulation runs have been performed for peak discharges of the design floods (return 

periods of 10,000 years) and PMF.  

Results 

The simulation results for the 10,000 year flood are shown in Figure 12-21. Due to the 

optimized excavation and hydraulic contours, the flow uniformly accelerates towards the 

Spillway, and flows the hydraulic contours along the Right Pier.  
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Figure 12-21:  Velocities in U/S Spillway Approach for 10,000 Year Flood 

 

12.6.4 Approach Powerhouse 

Objective 

The hydraulic conditions in the upstream approach to the Powerhouse was analysed based 

on a 2-dimensional overall hydraulic model with the following objectives: 

 Largely uniform flow conditions in the upstream approach, 

 Optimization of the hydraulic contours towards the Right Pier and Left Pier. 

Simulated discharges and boundary conditions  

To provide a clear picture of the hydraulic conditions simulation runs have been 

performed for the rated discharge of 5,355 m3/s (all seven units running at full capacity).  

Results 

The simulation results for the design discharge show uniform flow conditions over the 

entire width of the Powerhouse and uniform acceleration towards the Powerhouse (see 

Figure 12-22). The velocities in the approach to the Powerhouse are well below 1.0 m/s. 

 For 
PNPCA O

nly



Luang Prabang HPP  115002924 
Feasibility Study Report  146 
 

 

Copyright © Pöyry Energy Ltd. 

 

Figure 12-22:  Velocities in the U/S Approach Towards the Powerhouse. 

 

12.7 Dam Break Analysis 

12.7.1.1 Objective 

Objective of the dam break analysis is to develop inundation maps in the downstream 

areas in case of (uncontrolled or controlled) release of large amounts of water. These 

inundation maps will form the basis for the Emergency Preparedness Plan (or Emergency 

Action Plan, EAP). Thus. These inundation maps will provide basic information on 

flooded areas, water depth, travelling time of flood waves (arrival of flood wave and time 

until arrival of flood peak). 

According to the MRC Design Guidance the impact on the downstream environment and 

communities has been demonstrated based on the following events: 

 Natural Floods: Annual exceedance probability up to PMF, 

 Mis-operation of the dam: In particular the mal-functioning or mis-operation of the 

spillway gates, 

 Dam break flood assessment: Failure of the dam body, including a failure mode and 

breach development. 

For Luang Prabang HPP, based on these three events possible modes for the release of 

flood hydrographs are assessed, and inundation maps are prepared for the dominating 

scenarios.  
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12.7.1.2 Methodology 

The dam break analysis is being carried out in the following three (3) steps: 

 Determination of the relevant flood hydrographs, which is the most damaging flood 

hydrograph(s) due to natural floods, mis-operation of the spillway and credible dam 

failures. 

 Routing of flood hydrograph (hydraulic modelling) using a 2-dimensional hydro-

numerical model. In general, 2-dimensional models allow for a better and more 

realistic simulation of flood wave propagation.  

 Preparation of inundation maps, providing information at selected locations like 

maximum water level, time to arrival of flood wave, time to arrival of peak of flood 

wave. Basis of the inundation map is the topographic map of the area. 

 

12.7.1.3 Data Used 

Topography  

The dam break analysis is based on a 1-D hydraulic HEC-RAS model developed in 2016 

by CNR for backwater calculations for the Xayaburi HPP. The following topographic 

data have been used for the hydraulic model: 

 Mekong River cross section from approx. 8 km downstream Xayaburi HPP to 

approx. 8 km upstream of Luang Prabang HPP (approx. 300 cross sections, 500 m 

distance). 

 Cross sections from Nam Khan, Nam Xeuang and Nam Ou Rivers, approx. 10 km 

upstream from confluence with Mekong River. 

The topographic maps used for the preparation of the inundation maps is based on ALOS 

Palsar DTM data with a spatial resolution of 12.5 m.  

Geographic Information 

For the purpose of post-processing, in particular the background image and identification 

of potentially affected populated areas, the following sources have been used: 

 ArcGIS online basemap images with reference to Esri, DigitalGlobe, GeoEye, 

Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the 

GIS User Community 

 ArcGIS online basemap map contents with reference to Esri, HERE, Garmin, 

©OpenStreetMap contributors, and the GIS user community 

 Google Satellite 

 Google Labels 

Design 

For the preparation of the dam break simulation model the general layout drawings of the 

Luang Prabang HPP were used.  
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12.7.1.4 Relevant Flood Hydrographs 

Natural Floods 

Natural floods have been determined for Luang Prabang HPP site and are listed for 

different return periods in Table 12-8.  

Table 12-8:  Flood Discharges for Different Return Periods  

Return interval Q LP HPP [m³/s] 

100 23,800 

1,000 28,800 

10,000 33,500 

PMF 41,400 

 

Mis-Operation of the Spillway 

The most severe flood hydrograph from mis-operation of the dam and its structures 

results from incidents at the spillway gates. However, the resulting flood hydrographs 

will be smaller than the natural floods (design flood, safety check flood), as the entire 

spillway capacity of nine (9) gates fully opened is required for the controlled passage of 

the PMF flood.   

Dam Break – Breach Development 

The Barrage of Luang Prabang HPP comprises the following main water retaining 

structures: 

 Navigation Lock 

 Spillway  

 Powerhouse, including right and left pier 

 Closing structure (RCC concrete gravity dam)  

The Navigation Lock, Spillway and Powerhouse are massive concrete structures. Each 

structure is designed in blocks of up to approx. 100 m width, with movement joints 

between these block. In general, these concrete structures are unlikely to a complete 

failure. Even in the events of a failure, the resulting flood hydrograph is considered to be 

lower than the natural design floods, as each block is smaller in size than the natural river 

bed at the barrage site. 

The left bank closing structure is planned as a RCC concrete gravity dam, with a 

maximum height of about 50 m and an overall length of about 280 m. The main failure 

modes for Concrete Gravity Dams are given in ICOLD Bulletin 997 and 1118 as (i) 

internal erosion of foundation, and (ii) resistance to sliding.  

In respect to the breach width, ICOLD Bulletin 11 states: 

                                                 
7 ICOLD Bulletin 99: Dam Failures. Statistical Analysis. (1995). 

8 ICOLD Bulletin 111: Dam-Break Flood Analysis. Review and recommendations. (1998). 
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The hypothesis of collapse of a given barrage depends mainly upon its structural 

characteristics. Concrete dams may withstand significant overtopping. The limiting 

factor in such conditions is the erosion of the foundation or abutments. Structural 

failure is usually due to weak foundation, structural deficiencies, or sabotage. […] 

Gravity arch dams or gravity dams are assumed to have relatively short but not 

instantaneous failure times. Sliding, overturning or sabotage are the most 

commonly assumed modes of failure: breach size is normally assumed to cover 1 

or 2 structural monoliths, but it may be larger as most reported failures caused a 

breach in the range of 100 m large. The assumed time of failure is of the order of 

0.01 – 0.05 hours. 

For this closing structure a failure of 1 block and its two neighbouring blocks within 

0.5 hrs has been assumed. With a block width of 16 m, the resulting breach shows the 

geometry as given in Table 12-9. 

 

Table 12-9:  Dam Breach Geometry  

Parameter Value Comment 

Width 48 m 3 consecutive blocks 

Final breach height 47 m Natural river bed 

Slide slopes vertical   

Total failure time 0.5 h  

12.7.1.5 Hydraulic Model 

Software Package 

The flood wave simulations were carried out with the 1-dimensional unsteady hydraulic 

model software HEC RAS 5.0.5. HEC-RAS solves the full, dynamic, 1-D Saint Venant 

Equation using an implicit, finite difference method for simulating highly unsteady flows 

such as dam-break floods. The average cross-section distance at the Mekong River was 

approx. 500 m, with a range of roughly 300 to over 1000 m.  

Roughness Coefficients 

The roughness coefficients were determined by the model developer CNR by means of 

calibration9. The roughness coefficients used in this model were applied without further 

adjustments (see Table 12-10). 

 

Table 12-10:  Manning’s Roughness Coefficients  

 Left bank Main channel Right bank 

Min 0.02 0.02 0.02 

Average 0.11 0.04 0.11 

Max 0.20 0.10 0.20 

                                                 
9 CNR 2017, Hydraulic modelling calibration, DI-ECS 2016-498-02 - HMFS - Phase 2 Hydraulic Modelling 
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Initial and Boundary Conditions 

The basic assumption in this study was the formation of a breach in the closing structure 

and the corresponding outflow whilst a 100-year flood occurs at the entire Mekong River 

reach between the Luang Prabang and Xayaburi dams. 

The investigated total discharge for the dam break scenario at the dam axis as presented 

in Figure 12-24 was applied as the upper model boundary condition. The breach outflow 

increases, reaches its maximum after half an hour and returns to the initial 100-year flood 

level after roughly 36 hours. 

A water level-discharge curve was used for the lower boundary condition at Xayaburi 

dam taken from: Xayaburi HPP, Production capacity review. Final Report, CNR 2015. 

12.7.2 Simulation Results 

Natural Flood Simulation 

Water levels and energy grades for natural floods from HQ100 to PMF as given in Table 

12-8 were calculated and provided for detailed flood mapping.  

Figure 12-23 shows longitudinal sections of the maximum energy grades from Xayaburi 

dam site up to Luang Prabang dam site for the calculated design flood discharges. 

 

 

Figure 12-23:  Longitudinal Section for the Calculated Design Flood Discharges 

 

Dam Break Analysis 

The results of the dam break analysis are presented in form of inundation maps in the 

drawings LP-HPP-POY-FS-200-001 (overall flood maps for the first 50 km downstream 

of Luang Prabang HPP) and LP-HPP-POY-FS-200-002 for the Luang Prabang City area. 

The flood maps show the flooded areas for all five scenarios, the natural floods (from 100 

year flood up to PMF) and the dam break scenario (dam break based on a 100-year flood). 
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These flood maps show almost similar the flooded areas for a 10,000 year flood, the PMF 

and the analysed dam break scenario. 

The maximum outflow through the presumed breach is calculated to approx. 45,900 m³/s. 

This peak flow occurs about 30 minutes after the initialization of the dam break. The peak 

of the outflow hydrograph is about 10% higher than a PMF flood.  

From the outflow curve it can be seen, that after approx. 36 hours the relevant emptying 

process has finished.  

 

 

Figure 12-24:  Estimated Outflow Hydrograph at Luang Prabang HPP Site 
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13 CIVIL DESIGN 

13.1 Standards, Codes and Guidelines 

Lao PDR Standards, Lao Electric Power Technical Standards (LEPTS), International 

Standards and International guidelines have been followed as appropriate. In addition to 

LEPTS, a list of the major standards and guidelines used for the preparation of this study 

is presented here.   

MRC Design Guidance: 

 Mekong River Commission: Preliminary Design Guidance for Proposed Mainstream 

Dams in the Lower Mekong Basin. Final Version, August 2009 

 Mekong River Commission: (Preliminary) Design Guidance for Proposed 

Mainstream Dams in the Lower Mekong Basin. Draft Version 0.3, June 2018 

Dam Design: 

 ACI 207.5R-99: Roller-Compacted Mass Concrete; Reported by ACI Committee 207 

 ICOLD Bulletin 72, Selecting Seismic Parameters for Large Dams (2010) 

 ICOLD Bulletin 126: Roller-compacted concrete dams – State of the art and case 

histories; International Commission on Large Dams, Paris, 2003 

 Schrader E. K.: RCC Dam Design – Analysing Stress and Stability; Hydro Review 

World, 2008. 

 Schrader E. K.: Designing facings and contraction joints for roller-compacted-

concrete dams; Hydro Review World, 2008. 

 USACE, Rationalizing the seismic coefficient method (1984) 

 USACE EM 1110-2-2006: Roller-Compacted Concrete; US Army Corps of 

Engineers, Engineering and Design, 2000. 

 USACE EM 1110-2-2200: Gravity Dam Design; US Army Corps of Engineers, 

Engineering and Design, 1995. 

 USACE EP 1110-2-12: Seismic design provisions for Roller Compacted Concrete 

Dams; US Army Corps of Engineers, Engineering and Design, 1995. 

Freeboard Calculations: 

 DIN 19700-11, Dams (Stauanlagen) (2001) 

Steel Liner Design: 

 ASTM A516-70 

 USACE, EM 1110-2-2901, Tunnels and Shafts in Rock (1997) 
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Design of Waterway and Intakes: 

 ASCE, Civil Engineering Guidelines for Designing and Planning Hydroelectric 

Developments Volumes 2 and 5 (1989) 

Design of Spillway 

 USACE, Hydraulic Design Spillways, EM 1110-2-1603, 1992 

 Design of Outlet Works 

Design of Navigation Lock 

 PIANC. Innovations in navigation lock design. Report n 106, 2009. 

13.2 Navigation Lock 

13.2.1 General 

For navigation purposes a navigation lock is provided for lowering and raising the boats 

and vessels to overcome the water level difference between the upstream and downstream 

of the hydropower plant. The design of the navigation lock covers the transition between 

the navigable river upstream and downstream of the hydropower plant, which comprise 

the main structures and features: 

 Tandem lock chambers 

 Upstream and downstream approach channels, including infrastructure for waiting 

vessels (mooring posts) 

 Water feeding system for filling and emptying of the gate chambers 

 Miter gates  

 Navigation lock control building 

The design of the Navigation Lock needs to meet the navigational requirements of the 

Mekong River. The MRC Design Guidance provide detailed requirements to be 

considered in the design of locks for Mekong Mainstream projects. For a maximum 

lifting height of 36.0 m a Navigation Lock with two lock chambers is required. 
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Figure 13-1:  Layout of the Navigation Lock  

13.2.2 General Design Aspects 

Together with the MRC Design Guidance the following has been taken into consideration 

for the design of the Navigation Lock: 

 Type and size of the lock and lock chambers to suit the navigation requirements 

(suitable for 2 x 500 DWT vessels) 

 Minimum depth and safety margins to the lock sill-bottom  

 Operational for at least 98% of its scheduled operating time 

 Provision for a later construction of a second lock 

 Lockage time as main input for the hydraulic design of the water feeding system shall 

be kept to a minimum 

 Design of a straight-line approach channel with good visibility and separation from 

main river flow for safe and speedy entry into the lock (upstream and downstream of 

the navigation lock) 

 Bending radius of approach channel 

 Approach infrastructure.  

Location of the Navigation Lock 

The Navigation Lock including the approach channels is located at the barrage on the 

right river bank. An additional second Navigation Lock can be constructed at a later stage 

right of the first lock (see drawing LP-HPP-POY-DFS-50-003).   

Water Levels 

According to the flow duration curve developed for the Luang Prabang HPP site, the 

minimum flow is 1,170 m3/s and the maximum flow about 16,940 m3/s (in the range of a 

5-year flood). While the minimum flow determines the level of the sill-bottom of the d/s 

approach channel and d/s lock chamber, the maximum flow has no impact on the 

Navigation Lock design (can be operated for discharges up to a 30-year flood level). 
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In order to fulfil the availability requirements according to the MRC Design Guidance 

(availability of at least 98% of its scheduled operating time), the water levels as shown 

in Table 13-1 have been defined.  

The water levels are defined for the upstream stretch (influenced by the hydropower 

plant) and downstream, free-flowing stretch. The minimum upstream water level, the 

Lowest Operating Level, is the minimum water level in the upper lock chamber, and 

defines the minimum water level that needs to be reached and maintained during 

impounding and construction of the closing structure in order to enable navigation;   

Table 13-1: Water Levels Defined for the Navigation Lock 

Parameter Value 

Normal Operating Level (NOL) 312.00 m asl 

Highest Operating Level (HOL) 312.50 m asl 

Lowest Operating Level (LOL) 294.25 m asl 

Lowest Navigable Level (LNL) 276.50 m asl 

Highest Navigable Level (HNL) 294.25 m asl 

Type of the Navigation Lock 

With regard to the rather high head difference between the upstream and downstream 

water level of max. 35.50 m a two-step Navigation Lock is foreseen in order to keep the 

maximum lifting height below 30 m as recommended by the MRC Design Guidance. 

They have been designed to divide the maximum head in two equal parts: maximum 

upstream water level 312.00 m asl, minimum downstream water level 276.50 m asl. 

Accordingly, the maximum lift per lock amounts to 17.75 m. 

The upper chamber lifts and lowers the vessels between upstream and an 

intermediate level, and the lower chamber from the intermediate level to the 

tailwater level. Approach Channel 

PIANC Report n 106 provides recommendations for the design of approach channel.  

According to the MRC Design Guidance the Navigation Lock needs to be designed for 

2 x 500 DWT vessels of Chinese design. As the size of the design vessels is not further 

defined in the MRC Design Guidance, the CEMT (European Conference of Ministers of 

Transport) classes, which are used as basis in the PIANC Report n 106, are used as a 

reference. A 500 DWT vessel refers to a CEMT class II barge, with a length of 50 m and 

width of 6.60 m. 

According to Section 4.2.3.3 – Outer port layouts – Inland navigation of PIANC Report 

n 106, the required width for the shipping lane for CEMT II class is 21.50 m; the required 

width at the waiting area is 27.50 m, and the length of the waiting area is recommended 

to 1.0 to 1.2 times the length of the lock chamber (120 to 144 m).  

In Section 4.2.3.4 – Alignment requirements – Inland navigation of PIANC Report n 106 

design criteria for waterways in a curve are defined. For a length of 50 m of the governing 

ship the following criteria can be determined: 

 Minimum curve radius of 200 m, recommended curve radius of 300 m, 
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 Width allowance ∆B in curve of 6.25 m, 

 A straight stretch of at least 75 m before and after the curve, 

 For a clear unobstructed view in a curve, over a length of 250 m the line of view has 

to be kept free from structures, bushes and other obstacles.  

13.2.3 Design of the Navigation Lock Chamber 

The lock chamber is a prismatic through with vertical walls and a concrete sill slab 

constructed by reinforced concrete. On both ends of the chamber miter gates are provided 

to (i) separate the chambers from the river during lifting and lowering of the vessels, and 

(ii) to allow the passage of the vessels from and into the chamber.  

The Navigation Lock is designed for the passage of 2 x 500 DWT (Deadweight Tonnage) 

vessels (109 x 10.8 x 2 m). The Navigation Lock is designed as two-step structure with 

two locks in a series. The main design parameter for the Navigation Lock are as outlined 

in the following table. 

Table 13-2: Main Design Parameters for the Navigation Lock 

Parameter Value 

Number of lock chambers 2 

Design vessel 2 x 500 DWT  
(109 x 10.8 x 2.0 m) 

Width of lock chambers 12 m 

Lengths of chambers 
(minimum useable length) 

2 x 120 m 

Depth under lowest WL 4.0 m 

Safety margin to sill-bottom 1.0 m 

Max. passage time of a vessel 50 min 

The Navigation Lock comprises two consecutive locks with three miter gates, an 

upstream, middle and downstream miter gate. The locks have been designed to divide the 

maximum lifting height into two equal parts.  

The filling of the chambers of the Navigation Lock is done via a gravity based water 

feeding system from the headwater of the plant controlled by bonneted wheel gates.  

A possible location of a second parallel navigation lock in the future can be located 

parallel to the first navigation lock along the right abutment. 

Table 13-3: Defined Levels in the two Lock Chambers 

Parameter Upper Chamber Lower Chamber 

Maximum Water Level 312.50 m asl 294.25 m asl 

Minimum Water Level 294.25 m asl 276.50 m asl 

Max. Sill Level 289.25 m asl 271.50 m asl 

Flood Operation 312.0 m asl 294.50 m asl 
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13.2.4 Approach Channel 

The lock approach channel is the transition of the navigable river and the lock (upstream 

and downstream of the hydropower plant). It is designed for a safe and speedy entry into 

and exit from the lock, and has to permit mooring posts for waiting boats. The approach 

channels needs to be separated from the main river course by a guide wall ensuring 

smooth hydraulic conditions. The approach shall provide a straight alignment of at least 

250 m. The radius at the bend of the upstream approach channel is 330 m. 

The entrance into the approach channel needs to be designed to avoid sudden changes in 

width and cross section in order to avoid critical flow conditions, lateral contraction, 

traverse flow.  

The hydraulic conditions in the upstream and downstream approach channel need to be 

studied in a hydraulic model for different flow conditions in the Mekong River (e.g. from 

5,350 m3/s up to 21,700 m3/s). Aim of these studies is to optimize the geometry of the 

approach channel in order to avoid transverse velocities and return currents in case of 

spillway operation. The effectiveness of the guide walls along the approach channel needs 

to be studied, especially the deflecting of high velocities at the d/s of the spillway stilling 

basin, ensuring a safe passage for vessels entering and leaving the approach channel. 

13.2.5 Approach Infrastructure 

According to the MRC Guidance three different berthing areas should be provided, each 

able to berth one full-sized design vessel/convoy, and including: 

 A lay-by area, where ships can be ready to immediately enter the navigation lock as 

soon as the preceding vessel has left it 

 A waiting area, where ships can wait if there are several others ahead of them  

 The overnight area, where ships and vessels can spend the night. The overnight area 

does not necessarily have to be connected to the lay-by or waiting areas, but all three 

areas should have access to land via a catwalk or floating pontoons.  

 One of the above 3 areas may provide facilities such as potable water, clean water, 

solid and liquid waste facilities, emergency aid, etc. 

 Mooring posts for both down- and upstream moving vessels are foreseen. 

13.2.6 Water Feeding System 

The water feeding system is a filling and emptying system with a longitudinal culvert in 

the left side pier of the Navigation Lock, and extends from the upstream channel to the 

downstream approach channel. Along each lock chamber a total of seven (7) diffusers 

distribute the water transversely from the main water conduit along the bottom of the 

navigation lock, and the water enters via five (5) openings at each diffuser into the lock 

chamber.  

A total of three (3) gates along the main conduit can regulate the water flow, the upstream 

service gate the flow from the intake to the upper chamber, the central service gate the 

flow between the upper and the lower chamber, and the downstream service gate the flow 

between the lower chamber and the outlet.  

The lockage time for a two-step ship lock is expected to be in the range of 50 minutes 

corresponding to a benchmark outlined in the preliminary version of the MRC Guidance 

(2009). A breakdown of available moving times and raising/ lowering times is listed:  
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 10 minutes for moving from the approach channel to the first lock and securing the 

vessels. 

 10 minutes for balancing the water level of the two locks. 

 10 minutes for moving from the first lock to the second and securing the vessels 

 10 minutes for raising / lowering the second lock. 

 10 minutes for moving from the second lock to the approach channel 

According to this breakdown about 10 minutes will be allowed for the raising or lowering 

of the vessels in a chamber, which defines further the design and layout of the water 

feeding system. In order to achieve this filling and emptying times a maximum discharge 

of the feeding system of around 100 m3/s is required for the given size of the lock 

chambers. 

The design requirements for the main components of the water feeding system for the 

Navigation Lock are as follows: 

 Intake: The intake is designed to allow for a uniform flow at all three intake bays, 

and the maximum velocity at the intake is limited to 2.0 m/s. 

 Main Water conduits: The velocities within the water conduits shall be below 

8.0 m/s in order to minimise losses and cavitation.  

 Diffusers and openings shall be designed for a “uniform” flow distribution within 

the lock chamber for ensuring the vessel safety during lockage.  

 Gates to regulate and control the filling and emptying of the lock chambers. 

 Outlet: The outlet into the d/s approach channel shall be designed for a uniform flow 

at all bays.  

The design of the water feeding system follows widely the water feeding system 

implemented at Xayaburi HPP, which is successfully in operation since several years. 

13.2.7 Navigation Lock Equipment 

Mooring posts will be provided at the upstream and the downstream approach channel to 

allow a safe waiting for both down- and upstream moving vessels (see Figure 13-2).  

Both chambers of the Navigation Lock will be equipped with a ship arrester system and 

floating mooring bitts. The ship arrester cable system will be implemented to protect the 

miter gates against impacts and damages due to a wrong maneuver of a vessel entering 

the lock (see Figure 13-3). Four cable systems are provided, downstream of the upstream 

gate, on both side of the middle gate, and upstream of the downstream gate.  

Additionally, regularly spaced floating mooring bitts are installed on both side walls on 

the navigation lock to secure the boats during the lock filling and emptying process. 

Ladders for evacuation purposes are foreseen as well.  

This system has been introduced in Xayaburi and is working well since several years. 

 

For 
PNPCA O

nly



Luang Prabang HPP  115002924 
Feasibility Study Report  159 
 

 

Copyright © Pöyry Energy Ltd. 

 

Figure 13-2:  Upstream mooring posts with towed vessels 

 

 

Figure 13-3:  Fish crowder traversing the navigation lock 

13.2.8 Miter Gates 

Miter gates are canal lock gates. When closing a pair of gates swing out from the side 

wall and meet at an angle upstream like a chevron. With a small water level difference 

(higher level on the upstream side) the gates are squeezed together and “locked”; they 

cannot be opened until the water level have equalised.  

13.2.9 Small Boat Transfer 

For the transfer of small vessels trailers for overland transfer will be provided. The small 

boats can be loaded onto a trailer at ramps located at the right bank, one downstream of 

the lower Navigation Lock chamber, and upstream of the upper Navigation Lock 

chamber.  

 
Mooring bits 

Ship arrester cable 
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13.2.10 Operation 

Waiting / No traffic 

With no ships or vessels waiting, the upper lock is “filled” and the u/s miter gate is open 

towards the u/s approach channel (head water). The lower lock is “emptied” and the d/s 

miter gate is open towards the tailwater.  

In this waiting position, a transfer time of maximum 50 minutes is ensured for any 

approaching vessels (upstream or downstream transfer). 

Upstream Transfer 

Vessels entering the Navigation Lock from the downstream side enter the lower chamber 

and moor to the floating bitts. The d/s miter gate closes, and the d/s gate of the feeding 

system closes and the central services gate opens. The lower lock is filled from the water 

emptying from the upper lock. Once the level difference between the upper and the lower 

lock is less than 20 cm, the middle miter gates opens. 

In the next step, the u/s arrester cable of the lower lock is removed, and the u/s arrester 

cable at the upper lock is placed. The vessels transfers from the lower lock to the upper 

lock and moors to the arrester bitts. The middle miter gate and the central services gate 

of the feeding system close, and the upper lock is filled from the headwater (u/s services 

gate of feeding system is opened). Once the water level difference between the headwater 

and the upper lock is less than 20 cm, the u/s miter gate opens, the u/s arrester cable is 

removed and the vessel exits upstream into the u/s approach channel. 

Downstream Transfer 

Vessels entering the Navigation Lock from the upstream side enter the upper chamber 

and moor to the floating bitts. The u/s miter gate and the u/s services gate of the feeding 

system closes, and the central service gate of the feeding system opens. The upper lock 

is emptying the water into the lower lock. Once the level difference between the upper 

and the lower lock is less than 20 cm, the middle miter gates opens. 

In the next step, the d/s arrester cable of the upper lock is removed, and the d/s arrester 

cable at the lower lock is placed. The vessels transfers from the upper lock to the lower 

lock and moors to the arrester bitts. The middle miter gate and the central services gate 

of the feeding system close, and the lower lock empties into the tailwater (d/s services 

gate of feeding system is opened). Once the water level difference between the tailwater 

and the lower lock is less than 20 cm, the d/s miter gate opens, the d/s arrester cable is 

removed and the vessel exits downstream into the d/s approach channel. 

13.3 Spillway 

13.3.1 General 

The following considerations have been taken into consideration for the Spillway design: 

 Safe passage of design floods with (n-1) criterion and PMF floods with all gates in 

operation 

 Energy dissipation downstream of the spillway (avoidance of erosion, wave action 

and impact on navigation) 
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 Passage of sediments (gravity currents, arrangement of low level outlets) 

 Avoidance of cross-currents towards the navigation lock (downstream entrance area) 

The design floods for the spillway are given in the following table: 

Table 13-4: Design Floods for Luang Prabang Spillway 

 Discharge Comment 

10,000 year flood 33,500 m3/s (n-1) 

PMF 41,400 m3/s Safety Check Flood 

13.3.2 Type of Spillway 

The spillway structure comprise: 

 6 Surface Spillway Bays 

 3 Low Level Outlet Bays 

The Spillway is arranged in two man blocks, the first block comprise the three (3) Low 

Level Outlet bays with one Surface Spillway bay on each side (1+1), and the second 

block with the remaining four (4) Surface Spillway Bays. Arrangement has been selected 

due to the deeper foundation level of the Low Level Outlets and the stilling basin, which 

is structurally divided by a concrete wall.  

The hydraulic design of the spillway bays and spillway capacity is provided in Chapter 

12.4. The main dimensions of the spillway bays are given in the following table: 

Table 13-5: Design Parameters of Luang Prabang Spillway 

 Surface Spillway Low Level Outlet 

Clear width of gate 19.0 m 12.0 m 

Clear height of gate  25.0 m 16.0 m 

Sill Level 288.0 m asl 275.0 m asl 

Capacity per bay (at FSL) 4,850 m3/s 3,530 m3/s 

The section through the Surface Spillway bay and one Low Level Outlet bay is shown in 

the following figures. 
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Figure 13-4:  Section through the Surface Spillway bay  

 

Figure 13-5:  Section through the Low Level Outlet Spillway bay  
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13.4 Powerhouse 

13.4.1 General Design Aspects 

The following has been taken into consideration for the design of the powerhouse: 

 Access to the powerhouse (during construction and operation). 

 Adequate space for assembly and service of plant equipment, incl. unloading bay(s). 

 Lifting requirements (crane) for unloading, assembly, installation and maintenance. 

 Adequate space around equipment for service and maintenance, as well as safety 

clearance. 

 Firefighting system, emergency exit and health and safety requirements.  

 Energy evacuation, switchgear and connection to transmission line.  

 Drainage and dewatering system. 

 Facilities and space required for upstream and downstream fish migration system.  

13.4.2 Type of Powerhouse 

The powerhouse is an integral structure of the barrage and is located in the centre of the 

Mekong River. The powerhouse has to withstand the full upstream water pressure and is 

designed to act as “gravity dam”.  

13.4.3 Arrangement of Powerhouse 

The principal arrangement of the powerhouse comprise of a central part formed by the 

powerhouse structure with the seven (7) vertical Kaplan units (main units) and the 

auxiliaries, and an erection bay at each end of the powerhouse (including unloading bays 

above the erection bay at each end). The erection bay concept allows simultaneous 

assembly of three (3) rotors.  

A bridge over the entire length of the powerhouse will be provided on the upstream side 

(access to trash rack cleaning machine, intake gates and stop logs) and downstream side 

(access to left bank unloading bay, transformers, draft tube stoplogs).  

Further the upstream and downstream fish migration system is integrated in the 

powerhouse structure, with the collector system on the upstream side (downstream 

migration) and downstream (upstream migration), and the supplementing facilities like 

fish lift, auxiliary units for attraction flow, junction pools and d/s migration chute at the 

right side of the powerhouse, upstream and downstream of the erection bay. Further 

details on the Fish Migration Facilities are provided in Section 13.5. 

The section of the powerhouse can be roughly divided into three (3) main sections (see 

Figure 13-6): 

 The upstream part hosts the intake structure, including trash rack and trashrack 

cleaning machine, upstream stoplogs and intake gates, upstream gantry crane 

 The vertical Kaplan units are located at the central part, and 

 The draft tube, downstream stoplogs and downstream gantry crane, GIS hall, 

transformers and rooms for the electrical and mechanical auxiliaries and control 

system are placed in the downstream part. 
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Figure 13-6: Section through the powerhouse 

13.4.4 Layout of the Powerhouse 

Main Dimensions 

The main dimensions of the powerhouse are given in Table 13-6. 

Table 13-6:  Main dimensions of the powerhouse  

Description Dimension 

Overall size (length/ width/ height) 275.0 m / 97.0 m / 80. 0 m 

Machine Hall (length/ width/ height) 195.2 m / 26.0 m / 34.5 m 

Erection bay (length/ width) 80.0 m / 26.0 m 
50.0 m / 26.0 m  

Unit spacing between turbine axis 32.0 m 

Deepest foundation level (drainage sump) 237.5 m asl 
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Vertical Connections 

There are two main staircases in the powerhouse, reaching from the draft tube floor up to 

the erection bay and machine hall floor, continuing to the GIS floor and entrance level 

(unloading bay level). The main stair cases are located at each end of the powerhouse 

adjacent to the unloading bay/ erection bay.  

Additional staircases are located between unit 2 and 3, and unit 5 and 6, connecting the 

draft tube floor to the machine hall floor and office floor level.  

Horizontal Layout 

The horizontal layout of the Luang Prabang HPP powerhouse is shown in Table 13-7. 

Table 13-7:  Horizontal layout of the powerhouse  

Floor Level Room/ Equipment 

Drainage gallery 
241.00 m asl 

Drainage pumps 

Draft tube floor 
256.40 m asl 

Cooling water pipes 

Spiral case  floor 
262.00 m asl 

Semi-spiral case 
Cooling water loop shaft seal 

Turbine floor  
271.50 m asl 

Control panel cooling water system  
Hydraulic turbine governor  
Piston accumulator 
Generator bearing oil tank and system 
Compressed air system  
Oil purification system 
Oil mist exhaust system (lower guide bearing) 
Waste water treatment plant 

 

Generator floor  
277.40 m asl 

Unit control board 
Generator circuit breaker  
Excitation panel 
Common auxiliary board for generator 
Power house indoor lighting panels 
Distribution boards (units, auxiliaries, essential) 
Invertor with IPS distribution board 
Oil mist exhaust system (upper guide bearing) 
Fire suppression system 

Machine hall floor  
283.20 m asl 

Machine hall with erection bay 
Control Room 
Unit control boards 
Common auxiliary board 
Communication system  
Fire alarm system 
Central air conditioning system 
Water chillers 
Mechanical workshop 
Electrical workshop 
Digital governor system  
DIATECH monitoring system 
550 kV GIS control board 
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Floor Level Room/ Equipment 

Auxiliary transformers 2,5 MVA  
Unit protection panels 

Office floor  
289.20 m asl 

Office floor 
Fire water supply pumps and hydrant fire hose cabinet 
Battery room 
Circulation air cooling 
Main distribution boards 
Waste water treatment  
Security system access control panel 
Line protection 
Fault recorder system 
Bus bar protection 500 kV 
Main and essential distribution boards for 22 kV 
Transformer voltage regulation panel 

Mezzanine floor 

301.80 m asl 

 

Gate gallery floor 

300.50 m asl 

 

GIS floor  
295.00 m asl 

550kV GIS room 
550 kV GIS outline and LCC panels 
22 kV distribution board 
Aux. Transformer 300 kVA   22 / 0,4 kV 
Hydrant fire hose cabinets 
Storages 

Unloading Bay floor  
310.00 m asl 

Unloading Bay 

Main Transformer floor 
310.00 m asl 

Main Transformers 
Disconnection switches for aux. transformer 
Aux. transformers 

Upstream deck floor 

317.00 m asl 

 

 

13.4.5 Structural Design Aspects 

The Luang Prabang Powerhouse is located within the Mekong mainstream and forms part 

of the water retaining structures. Therefore, the Powerhouse must fulfil all requirements 

that are applicable to a dam at that location. This includes the Probable Maximum Flood 

(PMF) and the Safety Evaluation Earthquake (SEE) which is the governing load case for 

the stability analysis and the structural design. 

The Powerhouse is a reinforced Conventional Vibrated Concrete (CVC) structure 

founded on solid rock. All forces, mainly horizontal forces in flow direction, must be 

transmitted within the structure to the bottom of the foundation where they will be 

transmitted to the rock by friction. For safety reasons and because limited movements in 

the governing SEE load case are acceptable, cohesion is not considered. The fact that the 

structure resists the forces by its own weight defines the concrete volume and gives some 

flexibility in floor and wall thicknesses.  

Most of the forces apply at the intake walls from where they are transmitted via the intake 

slab and the mass concrete around the draft tube to the foundation, or via the Machine 
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Hall floor and the generator barrel the downstream side of the Powerhouse. A 

considerable force, also due to the high downstream water level fluctuations, act on the 

downstream side of the Powerhouse, which is the reason for the regular pattern of the 

stiffening shear walls within the facility and equipment section of the Powerhouse. Forces 

at the semi spiral case and the generator foundation remain mainly in the mass concrete 

in the middle section of the Powerhouse but may lead to high and partially complicated 

reinforcement arrangements. The design of the different floors of the downstream facility 

and equipment section, especially the floor below the transformer slab, is governed by 

the construction stages, i.e. the fresh concrete weight of the subsequent floor. 

13.4.6 Health and Safety Relevant Aspects 

Firefighting System  

The function of the firefighting system is to provide fire extinguishing media and 

equipment including means for both automatic and manual operation in the event of fire. 

The firefighting system provides: 

 A fire and smoke detection and alarm system throughout the powerhouse. 

 Automated water deluge system throughout the powerhouse. 

 Fire hydrants and hoses sited at specific points on the various floors of the 

powerhouse, including water storage tanks. 

 A gaseous extinguishing system for the generators. 

 Portable and mobile fire extinguishers throughout the powerhouse complex at 

specific points on the various floors.  

Fire Zones 

The powerhouse complex will be divided into fire zones by incorporating fire barriers as 

follows:  

 Powerhouse - A separate fire zone for each floor 

 The fire zones are separated by fire/pressure retaining doors.  

Emergency Exit  

The emergency exit from each floor of the powerhouse is possible through the staircases, 

which are designed as separated fire zone. Connection to the various floors is provided 

by fire/pressure resistant doors. The emergency exit corridor is provided with emergency 

lighting (battery fed system) and portable fire extinguishers (dry or foam type).  

Signs and emergency lights throughout the various floors of the powerhouse direct to the 

nearest staircase and emergency exit corridor. 

Stairs between floors will be constantly kept under lightly over pressure by the HVAC 

system to prevent smoke from entering stair shafts. 
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13.5 Fish Migration Facilities 

13.5.1 General 

Dams and barrages create a direct barrier for upstream and downstream migration of fish. 

Fish moving downstream can either pass over the spillway or will be drawn into the 

power intakes and consequently through the turbines; both can cause high mortality. 

MRC Guidance as outlined in section 19.5 were in general used where applicable. Pre-

project monitoring at relevant locations are required to further assess the baseline 

conditions within the project area. For the time being database from MRC and Xayaburi 

HPP were taken.  

13.5.2 Design Criteria 

The most relevant criteria to be used for the design of the fish migration facilities are as 

follows: 

 Fish passage facilities for both, upstream and downstream migration should be 

incorporated. 

 The Navigation Lock could also be used as additional fish passage during migration 

periods. 

 The fish migration facilities shall operate the whole year, optimally between the 

lowest flow and the 1-year flood.  

 Design of the upstream and downstream fish passage for fish between 5 cm and 

300 cm, as well as downstream drifting eggs and larvae during wet season. 

 Fish migration system shall use a minimum of 10% of low flow (Q95) and 1% of the 

1-year flood; two aspects should be incorporated into the design, attraction (locating 

the entrances for fish approaching the entrances) and passage (through the fishways). 

 Maximum water velocity for short distances (< 0.2 m) is 1.4 m/s, maximum velocity 

in channels is 0.5 m/s.  

 Minimum depth is 3.0 m under all flows 

 Use of fish friendly turbines. 

To achieve effective attraction, the fish passage design was integrated into the earliest 

project concepts, as it influences the dam and powerhouse concept and alignment, 

abutment and training wall shapes, spillway and gate design, and stilling basin design.  

Table 13-8 provides the relevant discharges in the Mekong River and tailwater levels 

which are relevant for the design of the fish migration facilities: 

 

Table 13-8:  Relevant Tailwater Levels for the Fish Migration Facilities  

Description Discharge Tailwater Level 

Minimum Flow 1,170 m3/s 276.70 m asl 

1-year flood 10,650 m3/s 287.43 m asl 
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13.5.3 Fish Migration Concept 

The fish migration concept applied for the Luang Prabang HPP is widely based on the 

concept developed for the Xayaburi HPP, which was commissioned in May 2019. The 

first indications, however, are positive, as during the commissioning of the attraction flow 

system fish were already observed in the upstream fish migration system, which clearly 

can be seen in Figure 13-8 that the fish are attracted by the attraction flows, they can find 

the various entrances into the system, and they remain in the system and find the fish lock 

where they are lifted up into the headwater. However, further and continuous monitoring 

of the system is required to gain information and better knowledge of the number and 

species using the system, and to continuously optimize it. The fish migration concept 

provides the following upstream and downstream migration possibilities as shown in 

Figure 13-8. 

 

Figure 13-7: Fish Observation from Xayaburi HPP Fish Lock 

 

Figure 13-8: Overview of the Foreseen Fish Migration Facilities 
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During dry season (spillway not in operation), upstream migrating fish will be attracted 

by the powerhouse discharge and will enter into the upstream fish passing facilities 

developed over the entire length of the powerhouse, with entrances at the right pier 

(towards the spillway), multiple entrances along the downstream face of the powerhouse, 

and at the left pier. The fish in the collection galleries are guided by attraction currents to 

two fish locks, where the fish are lifted up into the headwater of the reservoir. 

When both the powerhouse and the spillway are in operation during wet season, fish 

migrating upstream will be also attracted into the spillway discharge channel. Spill 

patterns inside the stilling basin will create a hydraulic barrier forcing the fishes to the 

side edges. A supplementary fish entrance on the left side of the spillway at the right pier 

is providing a pathway for upstream migratory fishes guiding them to the fish passing 

facilities at the downstream side of the powerhouse. Fish passing through an additional 

upstream fish migration system at the right bank shall be considered as a supportive 

means for attracting and passing fish at the right bank of the project during operation of 

the spillway for upstream migration. 

The main downstream fish migration system provides entrances along the entire upstream 

face of the powerhouse and a collecting gallery, where the fish are guided to the right pier 

and released down to the tailwater through the terminal chute. Downstream migration is 

also possible through the spillway (when in operation) and for smaller fish (smaller than 

the trash rack clear spacing) through the turbines of the powerhouse. The powerhouse is 

equipped with fish friendly turbines in order to reduce fish mortality during turbine 

passage. 

Due to the substantially lesser tailwater variations compared to Xayaburi the Luang 

Prabang projects does not foresee the installation of a fish ladder. The Xayaburi fish 

ladder merely functions as a collector of upstream migrating fish towards the fish 

crowders and the fish locks. 

Due to the limited tailwater level variations in Luang Prabang, caused by the stabilising 

effect of the downstream Xayaburi impoundment, the fish can be guided directly into the 

fish lock approaches. A ramp like collecting structure d/s of the fish crowders will collect 

fish migrating upstream along the left bank. 

13.5.4 Upstream Fish Passing Facilities 

The main upstream fish passage facilities is incorporated in the powerhouse and comprise 

the following components: 

 Entrances above the turbine draft tubes and on the left and right side of the 

powerhouse. 

 A fish collecting gallery across the downstream side of the powerhouse connecting 

all entrances. 

 Two large fish locks including fish crowder and movable screen floor on the left bank 

pier. 

 A feeding pond at the right pier inclusive feeding system, with feeders along the 

collecting gallery and at the back of the fish locks, to create fish attraction currents 

throughout the collecting gallery and through the various entrances of the facility.  

 A fish monitoring station  
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Entrances and fish collecting galleries 

Fish migrating upstream attracted by the flow through the powerhouse can enter the 

upstream fish migration facility via one of the 2 x 7 entrances (2 m wide and 3 m high, 

sill at 273.5 m asl and 278.5 m asl), located at different levels above the turbine draft 

tubes along the entire length of the powerhouse, and additionally via the two openings of 

the right side entrance (b: 2 m x h: 7 m ; sill at 272.5 m asl and 279.5 m asl) or via the 

three openings of the left side entrance (b: 6 m x h: 7 m (2x) and b: 6 m x h: 3 m (1x); sill 

at 272.5 m asl and 279.5 m asl). During the wet season, fish can also use the two openings 

of the spillway entrance (b: 2 m x h: 7 m; sill 279.5 m asl), as well as on the spillway 

tailrace side. 

After entry into this system, fish heading up to the upstream area are successively passing 

through the collecting gallery and one of the two fish locks and are released into the 

headwater. The general arrangement of the upstream fish passage facilities are shown in 

Figure 13-9. 

The flow pattern in the collecting gallery and in the tailrace channel (together with the 

main turbine outflow) will be checked during the next project stage (Tender Design) with 

a 3D-CFD modelling, and the position of the entrances, feeders of feeding galleries and 

geometry of flow passing structure be confirmed or modified/optimized, if need be. 

The position of the spillway entrance will be adapted/optimized also during the next 

project stage depending on the spill patterns inside the stilling basin (in accordance with 

results of physical model test of the spillway), for the flows prevailing during the 

operation range of this entrance (wet season). 

 

Figure 13-9: General Arrangement of the Upstream Fish Migration Facilities 

Fish Locks 

Two parallel fish locks connect the fish pass to the headwater. Operation of a fish lock is 

very similar to the navigation lock. The operation cycle of the locks includes an attraction 

phase and a transfer phase. Both locks will operate alternately to maintain a continuous 

fish migration pathway.  
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During the attraction phase, flow is provided from the auxiliary powerhouse at the back 

of one of the fish lock chamber, to attract fish into approach channel and into the lock 

chamber itself. Each lock is provided with a fish crowder in its approach channel. The 

fish crowder will act as a trap during the fish attraction phase, forming an inscale with its 

two leaves. The two leaves of the inscale will close at the end of the attraction period and 

the fish crowder will force the fish to enter into the lock chamber. The transfer phase will 

continue by closing the fish lock entrance gate and slowly filling the lock. A movable 

screen floor in the lock chamber will force the fish to move up with the raising water 

level. Once the water level in the lock chamber is equalized with the reservoir level, an 

exit gate will be open to release the fish into the headwater of the reservoir. 

Feeding System 

The feeding system provides fish attraction currents throughout the collecting gallery and 

through the various entrances of the facility, to guide the fish from the river to the fish 

locks. 

The water for the feeding system operation is provided by the auxiliary units during the 

dry season (TWL < 283 m asl). Additional water is supplemented by a gravity water 

supply gallery during the wet season (TWL > 283 m asl). This water is collected in the 

feeding pond, in the right pier, and is sourced from the following: 

 The water from the downstream migration, provided via two auxiliary units, 

between 80 and 120 m3/s, 

 Water from the third auxiliary unit taken from the headwater, 60 m3/s, 

 Via the gravity water supply (bypass) system from the headwater, up to 45 m3/s.  

From the right pier feeding pond a total of four feeding galleries provide the water for the 

attraction flow at the collection galleries and the various entrances: 

 The feeding galleries 1 and 2 feed the right and the left part of the powerhouse fish 

collection galleries. 

 Feeding gallery 3 feeds the entrances at the left pier. 

 Feeding gallery 4 supplies the feeders located at the back of the two fish locks. 

Hydraulic Design 

The flow required for the operation of the upstream fish passage facility (attraction flow) 

varies with the tailwater level and ranges approx. from 80 to 180 m3/s. The required flow 

depending on the TWL and corresponding water level in the feeding pond (due to the 

head losses in the feeding galleries) are given in the following Figure 13-10.  
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Figure 13-10: Attraction Flow for Upstream Migration  

The flow velocities through upstream collection gallery entrances ranges from 1.0 m/s on 

the left side of the powerhouse to 0.85 m/s on the right side of the powerhouse. The 

velocity in the fish collecting gallery ranges from 0.2 m/s to 0.5 m/s, and depend on the 

tailwater level and the location in the gallery. 

Fish monitoring station 

For the upstream fish migration system a fish monitoring station is foreseen at the fish 

lock exit. For the time being a hydro-acoustic fish survey system is foreseen. However, 

the exact type and technology for the fish survey will be decided at a later stage in order 

to install a modern and state-of-the-art technology.  

13.5.5 Right Bank Fish Passing Facility (Upstream Migration) 

Fishes migrating upstream generally are guided by the current, preferentially keeping 

near the banks of the river. During the wet season when the spillway is in operation, fish 

will get attracted by the spillway discharge. For fishes at the right river bank, a possibility 

for upstream migration will provided near the Navigation Lock. 

Thus, facilities for upstream migration are foreseen at the Navigation Lock comprising 

the following components: 

 A Fish Lock downstream of the stilling basin next to the Navigation Lock. 

 A culvert crossing the downstream approach channel, providing sufficient clearance 

for the moving ships and vessels at the downstream approach channel. 

 An open channel at the right bank leading to the upstream approach channel. 

The fish entering the fish lock will be lifted up to the headwater level, and will be released 

into the u/s culvert and channel leading to the upstream approach channel of the 

Navigation Lock. The flow in the approach channel of about 5 m3/s will be used as 

attraction flow at the entrance of the fish lock. 

When only the powerhouse is in operation (no spillway operation), the fishes will be 

attracted by the powerhouse discharge at the tailrace channel, and passage at the right 

bank will not be required. 
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An additional entrance inside the approach channel of the Navigation Lock connected to 

the Fish Lock which provides an additional upstream migration possibility. This entrance 

will be in operation during the main fish migration period (April, May).  

The position of the right bank passage facility will be adapted/optimized during the next 

project stage (Tender Design). 

13.5.6 Downstream Fish Passing Facilities 

The downstream fish passage facility of the powerhouse comprises a collecting gallery 

above the powerhouse intakes and a downstream stepped chute (exit chute) to the tailrace 

channel. 

Additionally fish-friendly turbine technologies are implemented to mitigate lethal injuries 

during turbine passage for smaller fish that will pass through the trash rack of the 

powerhouse intakes. 

Finally, downstream migration through the spillway may occur as well when spillway is 

opened for spillage flows. 

Figure 13-11 shows the general arrangement of the downstream migration system at the 

Powerhouse.  

 

 

Figure 13-11: Downstream Migration System  

Main downstream migration facilities 

Downstream migrating fishes are to be collected at a fish collecting gallery at the 

upstream side of the powerhouse leading to the right pier. The 14 entrances to this gallery 

(2.5 m wide and 3.0 m high, sill at 302.0 m asl) are located above the inlet structures, and 

are provided over the entire length of the powerhouse. At the right pier a downstream 

chute will guide the fish into the tailwater area.  
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The total flow through the downstream migration facility ranges from 100 to 140 m3/s 

and the corresponding velocity through the entrances of the collecting gallery ranges from 

1.0 m/s to 1.4 m/s. 

A constant discharge of about 20 m3/s is used for the continuous operation of the 

downstream chute. The exceeding water (80 to 120 m3/s) will be diverted and used for 

attraction flow for the upstream migration system (released through two auxiliary units 

into the right pier feeding pond). The downstream migration facilities need to operate 

during the entire year. 

The flow pattern in this collecting gallery and at the flow splitting structure (to the two 

auxiliary units) will be checked during the Detailed Design stage with a 3D-CFD 

modelling. If required, the geometry of the intakes of the auxiliary units as well as the 

geometry of the fish exclusion screen (angle bar rack) to be installed at the intake are will 

be adapted.  

The exit chute has been designed to minimize energy levels in the pools (< ~500 W/m3) 

while ensuring a sufficient hydraulic profile at each weir between the pools (about 

2 m x 2 m), and for maximum head drop of 3 m from pool to pool. The flow in the exit 

chute is controlled by a combination of a flap and a sluice gate. A physical model test 

will be carried out to confirm the proposed geometry. 

Fish Friendly Turbines 

The main turbines for the Luang Prabang HPP will be provided with several fish-friendly 

features, which are directly related to mitigate lethal injuries at fishes passing the turbines 

downstream, such as: 

 Reduction of the runner blades by turbine and reduction of rotational speed of the 

turbine in order to mitigate turbine induced mortality by blade strikes, one of the most 

relevant causes of mortality during turbine passage. 

 A fish friendly guide vane design can further minimize turbulence and shear stress 

regions, thus improving the fish survival rate. 

 High precision in manufacturing the periphery turbine components allows to reduce 

gaps and thus reduce water flowing through the gaps leading the subsequent 

turbulences. 

 Fish friendly Kaplan turbines have oil free hubs compared. The servomotor is located 

inside the runner hub with the surrounding space filled with water and additives for 

corrosion protection. Such a design is a major positive impact on the water quality 

and thus on the environment compared to the conventional design. 

13.6 Left bank Closing Structure 

13.6.1 General 

After completion of the main construction works the river has to be closed and the water 

will be diverted through the spillway, and the impounding can be done in a controlled 

manner. The original main river channel at the left bank needs to be closed, in the first 

step by a pre-cofferdam and a cofferdam, and in a second stage by a permanent closing 

structure. 
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The closing structure for the Luang Prabang HPP is designed as a concrete gravity dam 

constructed from roller compacted concrete (RCC). The main characteristics and 

dimensions of the losing structure are shown in Table 13-9. 

Table 13-9: Characteristics and Dimensions of the Closing Structure 

 Value 

Maximum height above 
foundation level 

53.0 m 

Elevation dam crest 317.0 m a.s.l. 

Foundation level 264.0 m a.s.l. 

Crest length 281.23 m 

Crest width 12.0 m 

Inclination of  
downstream dam face 

H:V = 0.8:1 

13.6.2 Dam Design 

Geometry and Layout 

The RCC dam is designed with a straight dam axis and will provide a two dimensional 

load bearing system. The general design of the dam follows the principle to keep the dam 

structure as simple as possible. The presence of galleries, shafts, joints, etc. within the 

RCC is minimised, as it significantly slows down placement rates. Slower placement 

rates would mean longer dam construction period and higher construction costs. 

The RCC dam is designed with a classic triangle shape of a gravity dam. The geometry 

of the downstream slope is foreseen with an inclination of 1:0.8 (V:H), the upstream face 

is vertical.  

Transverse contraction joints are required to prevent uncontrolled cracking of the dam 

body perpendicular to the dam axis due to temperature effects in the RCC. The width 

between the contraction joints is defined to be 16 m, leading to 18 blocks for the closing 

structure. A waterstop system and drains are provided at the upstream side of all joints. 

Dam Crest 

The 12.0 m wide dam crest width will be provided with handrails and safety barriers on 

both sides, upstream and downstream. 

Dam Facing 

Many options are available and regularly used for the upstream facing of RCC dams. 

These include the following: 

 Leaving exposed RCC (i.e. no special treatment), 

 Pre-cast concrete panels, 

 Formed conventional vibrated concrete, 

 Slip formed conventional vibrated concrete (with kerbing machine), 

 Membranes – mortar rendering and PVC, 

 Grout enriched RCC (GERCC), 
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 Grout enriched vibrated RCC (GEVR). 

At this stage grout enriched RCC (GERCC) is recommended due to low cost, simplicity 

and appearance. The downstream dam face will be stepped in order to facilitate the 

construction process. 

Contraction Joints 

Contraction (transverse) joints will be provided in the dam at intervals determined by the 

thermal analysis at a later stage. A joint spacing of 16 m has been considered at this stage, 

which is in line with other comparable RCC dams. 

Contraction joints will be continuous through the full width and height of the dam. A 

double waterstop system with downstream drain will be provided at the upstream side of 

all joints. The waterstop drains will be taken into the closest gallery at a lower elevation, 

and the flow will be measured as part of the monitoring system. 

Galleries and Vertical Shaft  

In order to minimise the impact on the construction process it is foreseen to limit the 

installations in the dam body. A horizontal gallery is foreseen near and in parallel to the 

upstream face of the dam, near the deepest foundation level. 

The gallery will serve for the construction of the grout curtain in the dam footprint, as 

well as for the construction of the drain holes in the dam foundation. The gallery will 

further collect the seepage discharge and will be used for monitoring and maintenance of 

the dam body and its foundation. Recesses in the gallery are foreseen to house monitoring 

equipment. 

The dam gallery (w x h = 2.5 m x 3.0 m) will provide sufficient room for drilling rigs 

(required for grout curtain, drainage holes and instrumentation installations). A floor slab 

will be provided in the gallery to create a drainage channel. The gallery roof will consist 

of precast beams to prevent need for roof formwork and removal, and for speed of 

construction. 

At both abutments a vertical shaft is provided from the dam crest to the elevation of the 

gallery. The vertical shaft houses the staircase, and power lines required for lighting, the 

pumps and monitoring equipment.  

A sump pit is located in the gallery, seepage water is collected and pumped to outside. 

13.6.3 Dam Foundation  

The required excavation depth for the closing structure was developed based on the 

results of the geological investigations and needs to be adjusted during excavation works. 

Sub-vertical shear zones, faults, or other discontinuities will be generally excavated and 

be backfilled with concrete. 

Consolidation grouting is foreseen for the entire footprint area to improve water tightness, 

foundation strength, homogeneity and to enhance elastic performance. Grouting will be 

carried out from the finally excavated rock foundation surface. Planning and timing of 

consolidation grouting of the foundation rock is a key consideration, given the need for 

this work to have minimum impact on the simultaneous work of placing RCC. 

A grout curtain will be provided to improve foundation water tightness. The maximum 

depth currently assumed is ⅔rd of the reservoir height, measured perpendicular to the dam 

foundation surface and considering the full supply level. The minimum depth of the grout 
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curtain is 20 m. The grout curtain holes will be drilled from the gallery to the limits 

stipulated. 

A drainage curtain will be provided to reduce potential uplift pressures below the dam. It 

is currently assumed that the drains will be drilled to depths approximately equal to 60% 

of the grout curtain depth, which is equal to 2/5 of the reservoir depth. The drain holes 

will be drilled from the galleries and are angled (by 15°) downstream and away from the 

grout curtain to prevent the initiation of an erosive high hydraulic gradient through the 

curtain to the drain holes. 

13.6.4 Construction Aspects 

The requirements for the formation and treatment of the horizontal joints between 

successive layers of placed RCC will depend on the mix characteristics and time before 

placing the subsequent layer, and will be specified accordingly. 

RCC depends on more rapid placing and compaction than it is possible with conventional 

concrete methods for its technical and economic advantages. To achieve this, the 

contractor must have sufficient, well-designed and adequately sized equipment for the 

production, transport, spreading and compaction of the RCC. 

The supply of aggregates and all materials must be carefully planned and organized, and 

adequate reserve capacity for concrete batching plants will reduce the risk of delays due 

to break-down. 

Construction material testing and RCC mix trials are required to determine potential RCC 

mix designs. Samples of fine and coarse aggregates, cement, fly ash and other ingredients 

of the RCC should be started several months before the commencement of RCC 

placement, since results for RCC takes a long time. Testing should be done using 

materials from the identified quarry site. 

The RCC mix trials must produce a mix that is suitable for placement and compaction 

(workability), must fulfill the required strength characteristics, must provide acceptable 

strength development and fulfill the minimal acceptable cracking criteria. The envisaged 

production rate for RCC placement is also needed and will form criteria for the mix 

design program. RCC mix trials will be accompanied by an intense testing program. 

13.7 River Diversion and Construction Pit Concept 

The Luang Prabang HPP is planned to be constructed in a single construction stage. For 

this purpose the construction pit is protected from the Mekong River by a diversion wall 

and coffer dams upstream and downstream of the construction pit. For the design of the 

river diversion and construction pit a 100 year design flood of 23,800 m3/s has been 

adopted.  

The C-shaped diversion wall is an angular retaining wall and designed to withstand the 

full water pressure from a 100 year flood. The diversion wall will also host the upstream 

fish migration facilities, i.e. the two fish locks, the fish crowder, and the left bank junction 

and left bank entrance.  

Due to the limited space available the cofferdam will be a double-wall sheet piling 

cofferdam or a cellular cofferdam:  

 A double-wall sheet pile cofferdam is formed by two rows of sheet piles, which are 

attached to each other by bolted connections. The space in between the walls is filled 
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with soil (available spoil like gravel, rockfill, etc.). To prevent leakage, the sheet piles 

are placed on sound rock and fixed with concrete. 

 The cellular cofferdam is constructed by a series of large diameter circular cells, 

which are interconnected by arcs of smaller cells in order to form a watertight wall. 

The walls of the connecting cells are perpendicular to the walls of the main circular 

cells, joined by special T-piles to the main cells. The cells are filled with soil 

(available spoil like gravel, rockfill, etc.). These cofferdams are self-sustaining, the 

cells can be filled independently.  

The cofferdams are temporary measures and need to be fully removed prior to the 

impounding. Thus, the final decision of the type of the cofferdam and the cofferdam 

design will be with the EPC contractor. 

The crest level of the upstream cofferdam and the diversion wall is 300.00 m asl, and 

298.00 m asl for the downstream cofferdam. The selected freeboard is about 1.50 m. The 

foundation level of the cofferdams is between 275.0 m asl and 265 m asl, resulting in a 

height of 22 m to 25 m.  

The construction works for the diversion wall and cofferdams are planned to be 

completed within the first dry season up to an elevation to provide at least protection 

against a 5 year flood (290 m asl), and can be completed up to the final elevation within 

the following wet season.  

The construction of the river diversion and establishing of the construction pit are on the 

critical path and have to commence right after the start of the main construction activities.  

13.8 Dam Safety 

13.8.1 Dam Safety Concept 

General 

During their lifetime large dams may face various hazards. Usually these hazards are 

classified into: 

 Natural hazards, like floods, earthquake (seismic action), storm and lightning.  

 Structural hazards, e.g. abnormal instrumentation readings, spillway gate and 

equipment failure, joint failure, differential movement of a structure, embankment 

piping or seepage and electrical / mechanical failure and power plant shut-down.  

 Man-made hazards, e.g. fire, oil or hazardous material release, criminal action, 

sabotage, terrorism, acts of war and human error. 

Some of these hazards require detailed assessment during the design phase; separate 

detailed studies are carried out regarding geology (geological investigations of the dam 

foundation), floods (hydrological studies, assessment of design floods) and seismic 

activity (probabilistic and deterministic seismic hazard assessment). 

Concept of Dam Safety 

The main purpose of safety of dams is to prevent the uncontrolled release of water due to 

(i) failure of the dam, or (ii) overtopping of the dam which could further lead to the failure 

of the dam. The consequences of an uncontrolled release of water can be, for instance,  

loss of life (reduction of the risk of loss of life is the top priority in emergency planning), 

damage of properties and infrastructure in the inundated area, environmental damages, 
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and loss of the storage scheme leading to losses in power production and drinking and 

irrigation water supply. 

These consequences can be reduced by a number of structural and non-structural 

measures. The structural measures are mainly related to the safety of the dam, i.e. flood 

safety, earthquake safety, and site conditions. The non-structural measures are for 

instance safe operational guidelines for reservoir under normal and abnormal operational 

conditions; implementation of emergency action plans; training of personnel; periodic 

safety checks; land use planning, etc. The non-structural measures are often more 

effective than structural measures. 

The primary goals of every dam safety concept are to reduce the risks to an acceptable 

level, and to manage the remaining risks in the best possible way. To achieve these goals 

a state-of-the-art and comprehensive dam safety concept shall cover following key 

elements: 

 Structural Safety 

 Dam Monitoring 

 Operational safety and maintenance 

 Emergency planning 

Structural Safety: The minimisation of risks calls for an appropriate design (design 

criteria and design concepts) and construction of the dam for all possible loading and 

operational conditions. In order to ensure the structural safety of the dam over the 

lifetime, the design shall be periodically reviewed in order to meet the recent state of 

knowledge.  

Dam Monitoring: A state of the art dam is equipped with dam monitoring equipment to 

measure deformations, water pressure, etc., usually parameters that cannot be observed 

visually. The monitoring system is required to monitor the long term behaviour of the 

dam, usually monitoring the performance during construction, reservoir impounding and 

long-term operation. Ideally, instruments should provide sufficient information to verify 

the design assumptions and give warning of any irregular behaviour of the dam. 

Periodical evaluations of the safety of the dam are carried out, and the collected data are 

being assessed. The periodical safety evaluations are assessing the long-term behaviour 

and structural safety of the dam.  

Operational Safety and Maintenance: A risk can only be reduced, but never be 

eliminated. Therefore it is necessary to identify as soon as possible a damage, or a defect 

in structural safety, or an external threat to safety so that appropriate measures can be 

taken. Therefore regular checks of the conditions and behaviour of the dam and its safety 

relevant structures and equipment have to be undertaken. The regular checks are serving 

in particular the current behaviour and structural safety of the dam.  

Emergency Planning: In case an identified hazard to the dam materialises, the situation 

is managed according to emergency planning concept and processes. It is important that 

the measures to be taken have to be well defined in advance. These measures consist of 

(i) a strategy and processes, and (ii) an emergency plan. In case of a dam break the 

potential flooded area has to be determined and presented in a flood wave inundation 

map. This map allows the planning of the evacuation of the affected population in 

advance. Further emergency planning includes the installation of alarm devices, and the 

organisational provision required to ensure the evacuation of the population. The 

emergency levels defines three level, each level is linked to specific technical and 

operational provisions as well as to emergency actions. 
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Causes of Failure of Dams 

The main causes for failure of dams include: 

Overtopping of fill dams due to floods, mass movements into the reservoir, loss of 

freeboard due to seismic deformations, blockage of spillway gates (floating debris or 

mechanical failure) or over-pumping in case of pumped-storage plants. 

Piping and seepage failures: Internal erosion caused by seepage and erosion due to 

inadequate filters or along interfaces with hydraulic structures, or internal erosion due to 

slope movements caused by strong earthquakes. 

Foundation defects: These failures occur as a result of settlement in the foundation of 

the dam, instability of slopes surrounding the dam, uplift pressures, and seepage around 

the foundation. All of these failures result in structural instability and potential dam 

failure. 

Destruction of spillway or dam crest due to acts of war or terrorism. 

Earthquake damages of concrete dam or spillway (movements of concrete blocks 

leading to instabilities and/or failure of structures). 

13.8.2 Structural Safety 

The Luang Prabang HPP barrage and impoundment area are classified as a storage project 

(in regard with the reservoir volume and dam height, but not in regard with its operation) 

with large damage potential.  

Thus, all the dam and safety-relevant elements have to be designed for the worst 

earthquake ground motion to be expected at the dam site, the so-called Safety Evaluation 

Earthquake (SEE) ground motion. The SEE ground motion parameters will be 

determined probabilistically considering a return period of 10,000 years based on all 

available earthquake catalogues and seismotectonic data (faults in greater project region).  

A Seismic Hazard Study is being prepared by Geotechnical & Foundation Engineering 

Company Limited (see Chapter 7.7). Its analysis will be carried out by state-of-the-art 

seismic hazard analysis concepts. The seismic ground motion parameters are determined 

for the Luang Prabang HPP site such as peak ground acceleration, acceleration response 

spectra for horizontal and vertical earthquake components on the rock surface.  

A Plant Safety Concept for the structural safety will be implemented based on 

international standards to ensure an earthquake resistance design based on these ground 

motion parameters. All structures and safety-relevant elements have to be designed for 

the SEE, only if appropriate less critical structures shall be designed with reduced 

earthquake loads. Additionally, a physical model is required to ensure the adequacy of 

the hydraulic design of the spillway and subsequent stilling basin and the safe spillage of 

floods during construction and operation. 

The Spillway comprise of six (6) Surface Spillway bays and three (3) Low Level Outlets. 

Both, the Surface Spillway bays and the Low Level Outlet bays are identical in design 

with the Spillway at Xayaburi HPP. For this spillway detailed physical hydraulic model 

tests have been carried out by the Asian Institute of Technology in Bangkok, Thailand. 

The spillway capacity for the Luang Prabang Spillway has been assessed based on these 

physical hydraulic model test (see Chapter 12.4). Further physical model tests will be 

performed for a general model during the next design phase to further optimize and refine 

the overall hydraulic design of the Spillway (up-ad downstream approach, energy 

dissipation at the stilling basin), the Powerhouse (up-and downstream approach) and 
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Navigation Lock (hydraulic conditions at downstream entrance into the approach 

channel).  

13.8.3 Monitoring System  

General 

Monitoring of the behaviour of the water retaining structures of the Luang Prabang HPP 

is required through the lifetime of the project. In general, three different methods of 

monitoring the behaviour are commonly applied, namely: 

 Visual inspections of the structures are most important to assess the general 

performance and safety of these structures, and shall be performed on a regular basis 

by experienced personnel. The most important observations are seepage/ water 

leakage and any kind of larger displacements of the concrete structures and the 

abutments. 

 Survey monitoring by geodetic survey is used to measure surface displacements of 

the dam and other structures. Therefore, surface displacement points are installed at 

distinct locations on the structures. 

 Monitoring instruments are mainly installed to measure deformations and water 

pressures which cannot be measured or observed visually or by geodetic survey, such 

as deformations and water pressures inside the dam body and the foundation rock. 

Dam Instrumentation 

The behaviour of the dam safety relevant water retaining structures are monitored and 

measured by specific instruments. Monitoring instruments are installed to measure the 

performance during construction, reservoir impounding and long-term operation. Table 

13-10 provides an overview of the monitored and measured parameters and the foreseen 

dam instruments for Luang Prabang HPP. 

Table 13-10:  Measured Parameters and Monitoring Instruments 

Parameter Monitoring Instruments 

Displacement, movement, 
settlement 

Jointmeter, Rocmeter, Inclinometer, Levelling 
bolt, Stationary light reflector 

Water level, water pressure Gauge, Observation well, Piezometer 

Leakage/ seepage Flowmeter, Piezometer 

Climate  Weather station 

Dynamic response (seismicity) Strong Motion Accelerator  

The type, quantity and distribution of the monitoring instruments required depend on the 

size, foundation condition and importance of the structures. Table 13-11 provides an 

overview of the foreseen instrumentation and the indicative number of installed sensors.  

An automatic recording and storage of data will be an important part of the dam 

instrumentation. Data should be displayed centrally, with a warning system triggering 

alarms if monitored parameters reach critical values. 
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Table 13-11:  Planned Monitoring Instruments for Luang Prabang HPP 

Monitoring Instrument Behaviour Reading No 

El. Piezometer (EP) Water Level 
Uplift Pressure 

Automatic 40 

Flowmeter (FM) Water Leakage Automatic 10 

3D-Jointmeter (TJM) Movement 
Displacement 
Settlement 

Automatic 75 

Rocmeter (RM) Movement 
Displacement 
Settlement 

Automatic 20 

Inclinometer (IM) Movement 
Displacement 
Settlement 

Manual 3 

Groundwater Observation Well (OW) Water Level 
Uplift Pressure 

Manual 10 

Strong Motion Accelerometer (SMA) Dynamic Response Automatic 2 

Leveling Bolt (LB) Movement 
Displacement 
Settlement 

Manual 50 

Stationary Light Reflector (SR) Movement 
Displacement 
Settlement 

Manual 30 

Weather Station Rainfall Intensity 
Temperature 
Relative Humidity 
Barometer 
Wind Velocity 
Evaporation 
Pyranometer 

Automatic 1 

13.8.4 Operational Safety and Maintenance 

During the operational stage it is necessary to identify as soon as possible any damage, a 

defect in the structural safety, or an external threat to safety. Therefore regular checks of 

the conditions and behaviour of the barrage and its safety relevant structures and 

equipment have to be undertaken. The regular checks are serving in particular the current 

behaviour and structural safety of the dam. 

Proper operation and maintenance is important to provide protection for the operator and 

the public, and to avoid consequences of failure of essential structures, leading to major 

repairs, loss of live, property damage and litigation.  

Thus, effective operation and maintenance procedures are essential to ensure the viability 

and safety of the Luang Prabang HPP and its relevant structures. The scope of operating 
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and maintenance procedures will be set out in an operations and maintenance manual 

appropriate for the Luang Prabang HPP. The operation and maintenance manual 

describes how the barrage and its relevant structures have to be operated and what has to 

be maintained and to what standards to maintain functional safety. 

While operation is limited to the mechanical and electrical equipment, maintenance in 

general is required for the following areas: 

 Mechanical equipment impacting on operational safety (gates, pipes, valves) 

 Electrical equipment to operate the same mechanical equipment or which telemetered 

data used in safety management or forms part of the emergency communications 

system. 

 The safety relevant structures (drainage systems, cracks in concrete, rip-rap and tree 

growth on dam faces, etc.) 

 Reservoir and its margins (drift wood, reservoir slumps, landslides etc.) 

A key aspect in the operation and maintenance manual of the Luang Prabang HPP will 

be related to the Spillway and the spillway gates to control the water release during floods, 

and which prevent an uncontrolled release of water. The spillway gates contribute to 

reservoir safety must be functioning as required. Thus these gates have a comparatively 

high operating and maintenance demand. Routine maintenance of components to 

preserve them in an acceptable condition is a fundamental part of the whole dam safety 

process. This requires not only a physical inspection of equipment but also a 

demonstration of its capabilities. Guidelines for the physical inspection and for testing 

performance have to be followed. 

Features and equipment for the passage of water through the barrage and its relevant 

structures must carry out their normal functions without leading to uncontrolled release 

of reservoir water. Safety has always to take priority over operation requirements. 

13.8.5 Emergency Planning 

The aim of an Emergency Action Plan (EAP) is to help above all to save lives, but also 

to reduce damage to property or structures and to minimize environmental impact, in the 

event of flooding caused by release of large quantities of water from the reservoirs during 

floods, dam failure, or other types of events that present hazardous conditions. An EAP 

provides to a dam and plant owner and operator with a guide for identifying, monitoring, 

responding to and mitigating emergency situations. It outlines “who does what, where, 

when, and how” in an emergency situation or other unusual occurrence affecting the 

dams. 

The objectives of an Emergency Action Plan are: 

 Establish guidelines of emergency management, in particular roles, responsibilities, 

response, and communication procedures, for stakeholders of the Project to 

understand and follow in case of occurrence of abnormal events, accidents and/or 

emergency events, which would minimize risks, damages, and impacts to properties, 

stakeholders, environment, and local communities.  

 Establish guidelines for flood management, operation and maintenance, patrol and 

inspection, and safety training.   
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A full EAP has to consist of two parts, internal and external, and it is important to 

differentiate between them. The internal plan covers the activities and responsibilities of 

the Owner, whilst the external plan relates to those of the relevant authorities of Lao PDR.  

The internal EAP must reflect the structure, organisation and decision-making processes 

of the dam owner. The main tasks in developing an internal EAP are the identification of 

emergency conditions, the definition of alert levels and the criteria when emergency 

action is necessary, and then the design of a strategy for the operator. Therefore the 

internal EAP has to provide at least the following content form the owner/ operator: 

 Internal organization with respect to the flow of communication and command 

structure,  

 Defined emergency scenarios and conditions, definition of alert levels and criteria 

when emergency action is necessary, 

 Notification and action charts for defined emergency situation 

 Responsibilities and decision-making processes,  

 Relation to external organizations dealing with emergency situations (if any).  

Dam Break Analysis 

Dam break analysis has been carried out, and flood inundation maps in the downstream 

area have been prepared (see Chapter 12.7). These inundation maps consider (i) natural 

floods, (ii) flood waves caused by mis-operation of the spillway gates, and (iii) dam break 

flood assessment.  

The inundation maps will be further used as the basis for the Emergency Action Plan, and 

the planning of the warning and evacuation of the affected population downstream of the 

barrage.  
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14 ELECTRO-MECHANICAL EQUIPMENT 

14.1 Design Criteria 

The following main hydraulic data of the power scheme has been used for the design of 

electro-mechanical equipment: 

Table 14-1:  Relevant Water Level for Turbine Layout  

Description Maximum 

Upstream Water Level 312.0 m asl 

Tailwater Level (rated) 282.50 m asl 

Maximal Gross Head 36.50 m 

Rated Gross Head 29.50 m 

Minimal Gross Head 16.50 m 

The overall hydraulic losses in the power waterway of Luang Prabang HPP are 0.5 m for 

a unit design discharge of 765.0 m3/s.  

14.2 Methodology 

The preliminary design of the electro-mechanical equipment for the turbines is done by 

the followings steps: 

 Definition of the installed capacity, design and rated head and number of units 

 Hydraulic layout and definition of the preliminary dimensions of the turbine and its 

auxiliary systems 

 Layout and definition of the preliminary dimensions of the generator and its auxiliary 

systems 

 Definition of the overall plant layout 

 Selection of the step-up transformer and type of generator lead cubicles 

 Layout and design of the auxiliary mechanical and electrical balance of plant 

The preliminary layout of the turbine units is done by in-house software, based on 

statistical analysis of existing turbines.  
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14.3 Mechanical Equipment 

14.3.1 Turbines 

14.3.1.1 Type of Turbine 

For the given head and discharge range a Kaplan and Francis turbine would be technically 

possible. However, a Kaplan turbine is selected for the flowing reasons: 

 The part load efficiency of a Kaplan turbine is higher. 

 Flexibility in variation of head and discharge 

 Number of Francis units will be higher, leading to higher costs 

Vertical Kaplan vs. Bulb Turbine 

For the given rated head, both a vertical Kaplan Turbine or (horizontal) Bulb Turbines 

are technically feasible. The maximum size for a vertical Kaplan for the given head range 

might be up to 230 MW, while the size of a Bulb Turbine is limited by the Generator size 

of up to 80 MW.  

Assuming a total capacity of around 1,400 MW for the Luang Prabang HPP, the 

powerhouse could be either equipped with 7 vertical Kaplan units, 200 MW each, or 18 

Bulb Units with 78 MW. The turbine spacing for a vertical Kaplan arrangement would 

be about 32 m, totalling to about 224 m length of the Powerhouse (without erection bay), 

while the unit spacing of a Bulb Turbine is in the range of 20 m, leading to a 360 m long 

powerhouse. 

The costs for the 18 TG Bulb units are expected to be about 10% higher than for 7 vertical 

Kaplan units. 

For the given head and design discharge a vertical Kaplan turbine has been selected over 

Bulb Turbines for the following reasons: 

 The vertical Kaplan arrangement results in a more compact powerhouse, leading to 

lower costs for the civil works. 

 The total costs for vertical Kaplan units are lower than Bulb Turbines (for the same 

total capacity of the plant). 

 Maintenance of a powerhouse with less number of units is easier and less time 

consuming.  

14.3.1.2 Number of Units 

In order to determine the optimal number of generating units the following factors have 

to be considered: 

 Number of units and maximal practical unit size; 

 CAPEX and construction cost; 

 Environmental flow requirements; 

 Part-load efficiency; 

 OPEX and reliability; 
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 Transport weight. 

Number of Units and Maximal Practical Unit Size  

In general, the number of units should be kept as small as possible. However, a minimum 

of two units is recommended for operational and maintenance reasons.  

For the given design discharge the number of units is kept minimum by maximising the 

units to the technically feasible size, resulting in seven (7) units where each unit has a 

rated capacity of 200 MW.  

Part Load Efficiency 

Long-term operation of Kaplan turbines below 25 - 30% of the design discharge can be 

detrimental to the runners and is therefore not recommended. A higher number of smaller 

units would therefore offer advantages, if highly flexible production is required. 

OPEX and Reliability 

A few larger units are likely to be cheaper to maintain than a large number of smaller 

units. On the one hand, more units require more unit outages and thus increase the time 

in which one unit is not available. On the other hand, the available capacity during 

maintenance is higher with more units.  

Construction Time 

Crane availability and scheduling of specialised installation supervisors is needed for the 

installation of a unit. Thus, fewer units are installed faster, even if the assembly of larger 

units takes slightly longer. 

Transport Weight 

The heaviest single piece of equipment to be transported will be the transformer. 

Transport weight and size becomes larger with fewer units. However, there are no 

problems expected with regard to limitations in transport size and weights for the Luang 

Prabang HPP. 

Recommendation 

Since the advantages of part load efficiency and transportation of smaller units do not 

outweigh the inconveniences of higher costs and a longer time schedule, the configuration 

with Vertical Kaplan with rated Capacity of 200 MW each has been selected. 

14.3.1.3 Turbine Characteristics 

Rated Power 

The rated capacity per unit is 200 MW.  
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Design and Rated Head 

Based on the energy simulations using the flow duration curve the energy production is 

maximal if the rated gross head is approximately equal to the weighted average head, i.e. 

the turbine will be designed such that its efficiency is highest at weighted average net 

head. Considering the tailwater level of El. 282.5 m with all units in operation, the rated 

gross head is 29.50 m. 

Operating Head Range 

In normal turbine operating range, the minimum head is about 50% of the maximum 

head, and about 45% in an extended turbine operating range (allowance of cavitation for 

a limited period of time). In order to optimise the operating range for the Luang Prabang 

HPP, the minimum TWL is set to 275.50 m asl (discharge of approx. 745 m3/s), and the 

maximum TWL to 295.50 m asl. (discharge of approx. 24,180 m3/s, higher than 100-year 

flood). The resulting gross head range is between 36.5 m and 16.5 m. 

Turbine Speed 

The speed selection of the unit is primarily determined by the given design head (head at 

maximum efficiency) and turbine reference diameter.  

In general a higher speed leads to smaller turbine and generator dimensions, reducing 

equipment cost. For the given hydraulic and operation conditions, the synchronous speed 

is 83.33 rpm.  

Submergence 

Adequate submergence of the turbine is required to avoid excessive cavitation. Higher 

speed generally requires a deeper setting of the turbine, thus lower elevations of the 

powerhouse. For Luang Prabang HPP the required submergence for the main units is 

8.58 m. The minimum submergence is defined for a minimum tailwater level of El. 

275.50 m asl. Thus, the elevation of the centreline of the main unit is at El. 266.92 m.  

Runaway Speed 

The runaway speed has been estimated at 235 rpm. The defined runaway speeds are of 

indicative character. The final value to be used for stress calculations of the turbine and 

generator parts will be defined by the manufacturer during detail design phase. 

14.3.1.4 Turbine Design 

The main turbine geometry and dimensions used for the layout of the powerhouse have 

been determined, and the main dimensions of the Kaplan Turbine are given in Table 14-2.  

The shaft position of the Kaplan turbine is vertical, and the turbine is directly coupled to 

the generator. The semi-spiral case is of concrete and has to be designed for the internal 

pressure including water hammer. 

The vertical Kaplan turbine consists of the following main parts: 

 Runner 

 Shaft 

 Semi-Spiral case, stay ring and stay vanes 
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 Head cover, bottom ring and wearing rings 

 Shaft seal 

 Pit liner 

 Guide bearing 

 Turbine regulation mechanism 

 Draft tube and draft tube liner 

 Air admission (if necessary) 

 Instruments and control equipment 

 Miscellaneous metalwork 

 Wrenches, tools and erection equipment 

 

Table 14-2:  Main Dimensions of the Main Kaplan Units   

Main Unit   

 

D1 8,800 mm 

Dc 10,825 mm 

Dp 12,000 mm 

T 24,315 mm 

L1 40,000 mm 

L2 40,220 mm 

ha 11,500 mm 

he 32,880 mm 

be 27,000 mm 

Ba 25,200 mm 

e 7,000 mm 

f 6,800 mm 

a 11,000 mm 

b 16,000 mm 

c 15,520 mm 

i1 10,475 mm 
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Figure 14-1:  3D-View of a Vertical Kaplan Turbine 
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14.4 Electrical Equipment 

14.4.1 Synchronous Generators 

14.4.1.1 Generator Characteristics 

The main criteria for the selection of the generator dimensions are the speed and the rated 

power. Other construction details, e.g. the number of poles and main dimensions, can be 

defined accordingly.  

Rated Speed 

The rated synchronous speeds of the generators is the same as the turbines’ and is 

83.33 rpm. 

Output Rating 

The output value at the generator terminals was calculated for an operating point at 

maximum mechanical power and for a power factor according to the national Grid Code 

(cosφ = 0.85) for the main units. Assuming that the auxiliary unit generator will not 

participate on the reactive power regulation of the grid, a power factor of cosφ ≥ 0.9 is 

sufficient whilst keeping the costs minimal. 

The generator efficiency will be around 0.989. The rated apparent power can be 

calculated with the following formula: 

𝑆𝑛 = 𝜂𝐺
𝑃𝑇𝑚𝑎𝑥

𝑐𝑜𝑠𝜑
 

Where: 𝑆𝑛 Rated Generator apparent power (MVA) 

𝜂𝐺  Generator efficiency (-) 

𝑃𝑇𝑚𝑎𝑥 Maximum turbine output at shaft (MW) 

𝑐𝑜𝑠𝜑 Power factor (MW/MVA) 

The results give an apparent power of 220 MVA for the main units. 

With 220 MVA the maximum permissible temperature rise must not exceed 90 K, 

according to IEC class B insulation.  

The defined main dimensions of the generators are shown in Figure 14-2 as well in Table 

14-3. 
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Figure 14-2: Main dimensions of the generator of the main units 

 

Table 14-3:  Salient Features of the Generator  

Generator  

Type: 3 phase, synchronous 

Rated output: 220 MVA 

Power factor (cosϕ): 0.9  

Rated voltage: 16 kV 

Frequency: 50 Hz 

Rated speed: 83.33 rpm 

Runaway speed: 233 rpm 

Bearing arrangements: IM8225 IEC60034-7 

Stator/ Rotor insulation: Class F 

Temperature rise: Class B 

Cooling system: Air / Water 

Excitation system type: Static 

Weight of Rotor Approx. 600 ton 
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Figure 14-3: 3D View of a Generator for a Large Kaplan Unit 

 

14.4.1.2 Construction Concept 

The air-cooled generators will be equipped with air-water heat exchangers, connected to 

a closed-loop cooling water system. This type of cooling concept is common practice for 

this size of generators and considerably reduces the maintenance activities.  

Each generator will be equipped with pneumatically operated brakes with brake dust 

exhauster of sufficient capacity to stop the rotating part from about one third of the 

synchronous speed to standstill. 

14.4.1.3 Insulation  

The generators have a state-of-the-art epoxy type insulation system, allowing the 

operation at class F temperature rise, as this is defined in the IEC No. 60034. The long-

term performance of the insulation system is affected by the maximum operating 

temperature of the windings. Due to the increased degradation rate during operation at 

high temperature, the temperature rise is recommended to be class B for the rated output 

under normal conditions. 

14.4.2 Excitation System 

The excitation system for the generators of the main units is a fully static type with exciter 

unit and rotating diodes. The system includes digital voltage regulator, thyristor/diode 

rectifiers and field suppression equipment. The excitation energy is drawn from the main 

leads through a dry-type excitation transformer, placed in a separate metallic housing. 

For the initial excitation during start-up, field flashing equipment, fed from the 220 VDC 

battery bank, is needed. 
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14.4.3 Generator – Step-up Transformer Connections 

Three single-phase Insulated Phase Busbars (IPB) are installed between the main 

generator terminal, the step-up transformer and the excitation transformer. The conductor 

rating of the IPB is defined at 235 MVA. 

14.4.4 Generator Switchgears 

14.4.4.1 Generator Circuit Breakers 

The Generator circuit breakers are installed between the generator terminals and the main 

step-up transformer at the Unit 1 and at the Unit 5 only. The voltage rating of the 

generator circuit breaker is in accordance to the terminal voltage of the generators. The 

circuit breaker consists of a mechanical spring mechanism, and is specifically designed 

for breaking the short-circuit currents close to the generator. 

14.4.4.2 Short circuit devise  

The short circuit devise provides the short-circuit between the generator main terminals 

as required for the commissioning phase at the Units where are the generator circuit 

breakers are installed. The short circuit devise is an integrated part of the IPB. 

14.4.5 Main Transformers 

The main step up transformers are of the three phase two windings oil immersed type and 

placed at the transformer yard. For safety reasons between the transformers a fire wall 

required. The transformers are placed on the foundation by skids. 

The transformer terminals are suitable for the connection of isolated phase bus bars (IPB) 

at the low voltage (LV) side; the high voltage (HV) terminals are connected to the 500 kV 

GIS by GIL (gas isolated line). The salient features of the main transformers are given in 

Table 14-4. 

Table 14-4:  Salient Features of the Main Transformers  

Parameter Value 

Rated output 220 MVA 

Max. Capacity 235 MVA 

Frequency 50 Hz 

HV rated voltage 525 ± 5 x 2.5 % kV 

LV rated voltage 16 kV 

Vector group YNd11 

Type of cooling ONAN / ONAF / ONAF 

Continues rating on all tapings 150 / 195 / 240 MVA 

Transport weight 650 tons 

Transport dimensions (L x W x H) 7.0 m x 3.0 m x 4.0 m 
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For the fire prevention an inert gas injection solution should be provided to avoid any 

explosion of the transformer in the case of a defect. The system is an integrated part of 

the transformer. 

14.4.6 500 kV Gas-Insulated Switchgear (GIS)  

The 500 kV Gas Insulated Switchgear (GIS) including the double bus bar is located at 

the GIS Floor at EL 295.0 m asl at the downstream part of the powerhouse below the 

main transformers. For the connection of the GIS to the main transformers 500 kV Gas 

Insulated Lines (GIL) will be provided. The salient features of the main transformers are 

given in Table 14-5. 

The 550 kV take-off gantry is located at the right river bank. 

 

Table 14-5:  Salient Features of the 500 kV GIS  

Parameter Value 

Maximum operation voltage 550 kV 

Rated short circuit breaking current 63 kA for 1 sec 

Maximum current 4,000 A 

Conductor Al 

Number of systems 2 

The auxiliary equipment for the switchyard will be supplied by 400 VAC and 220 VDC 

distribution boards. In case of a grid failure, an emergency diesel generator is providing 

the essential load. 

14.5 Mechanical Balance of Plant 

14.5.1 Cooling System 

There will be separated cooling system for each unit in the Luang Prabang Powerhouse, 

consisting of a primary and a secondary water loop. It supplies cooling water for the 

following components: 

 Turbine bearings 

 Governors 

 Lower generator bearings 

 Upper generator bearings 

 Generator cooling 

 Turbine bearings 

 Turbine shaft seals 

 Other consumers 
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The water for the system is supplied from the draft tube of each unit. Cooling systems are 

mutually interconnected in a case one of the primary lops has to be shut down. Thus, 

redundancy is provided for the open cycle: 

 The primary loop is connected to the draft tube and is equipped with one cyclone 

filter, one automatic back flash filters, one raw water pump and one heat exchanger, 

as a thermal connection to the secondary loop.  

 The secondary loop is closed. The circulation of the water is achieved by one 

circulating pump possibly of the same type as for the primary loop, keeping 

maintenance costs low. 

The closed cycle will be designed for 150% of the cooling water capacity required for 

one unit.  

14.5.2 Powerhouse Crane 

Two machine hall cranes will be installed in the powerhouse. The operating range of the 

main powerhouse crane has to cover the erection bay for unloading, loading and placing 

heavy equipment. The crane capacity is defined by the heaviest device to be installed. 

Furthermore, there is a lifting beam for rotor handling and auxiliary hooks for handling 

smaller loads. The capacity of one crane is 380 ton, the maximum lifting capacity of the 

two cranes coupled is 760 tons. 

14.5.3 Elevators 

Two passenger and one freight elevators will be installed in the powerhouse. Passenger 

elevators will have a capacity of 2,000 kg and the freight elevator will have a capacity of 

4,000 kg. 

14.5.4 Raw Water Supply System and Fire Fighting 

Raw water supply system will be composed of two raw water tanks placed on the dam 

left and right abutments, water supply pumps, piping and instrumentation. 

Raw water Supply system shall be used for: 

 Firefighting system (powerhouse and navigation lock) 

 Potable water system (powerhouse and navigation lock) 

 TG Unit Cooling system (closed loop) 

 Cooling water for ventilation and air-cooling system 

The system shall be designed to provide water for different systems and water that has to 

be available for firefighting system. 

14.5.5 Fire Protection and Detection System 

The firefighting system of the powerhouse comprise:  

 Automatic fire detection and alarm system 

 Automatic fire extinguishing equipment  

 Manual fire extinguishing equipment 

 Emergency exits and separated fire zones 
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An automatic fire detection and alarm system and fire extinguishing equipment for both 

automatic and manual operation in the event of fire. Inside the powerhouse fire hoses and 

chemical extinguishers are provided at every floor. An adequate amount of fire hydrants 

is foreseen outside the powerhouse. A raw water tank at a higher elevation will provide 

water for the firefighting system. For rooms with sensitive equipment FM200 firefighting 

systems are foreseen. 

For the generators an Inergen extinguishing system is foreseen. Each generator will have 

an independent system and all systems shall be mutually interconnected to provide 

redundancy. The main transformers are equipped with an independent firefighting 

equipment, which is an integral part of the transformer. 

The emergency exit from each floor of the powerhouse is possible through the staircases, 

which are designed as separated fire zone. Connection to the various floors is provided 

by fire resistant doors. The emergency exit corridor is provided with emergency lighting 

(battery fed system). Stairs will be constantly over pressured by VAC system to prevent 

smoke entering. 

14.5.6 Potable water system 

Potable water system will use water from the water tank on the left abutment. System 

provides drinking water and it is made of standard equipment. The system is composed 

of a piping, instrumentation, chemical dosing, flocculation, clarification, filtration and 

chlorine disinfection equipment and drinking water reservoir/tanks. 

14.5.7 Drainage and Dewatering System 

Two drainage and dewatering system are foreseen. Each system will have two sumps, 

four pumps, two oil separators, necessary piping and instrumentation. Dewatering of the 

unit flow tract shall be finished in 10 hours. Sumps shall be placed at lowest elevation of 

the powerhouse. 

Two systems will be interconnected. One system will normally collect water from one 

half of the powerhouse while other system shall collect water from the other half of the 

powerhouse. 

Two oil separators per system shall provide uninterrupted drainage and oil separation. 

Oil/water separator will be supplied with necessary instrumentation and oil evacuation 

equipment. 

The system shall be designed in a way to accept emergency event such as burst of pressure 

pipe (e.g. either main cooling pipe, spiral case drainage pipe, draft tube drainage pipe). 

14.5.8 Ventilation and Air-Conditioning System  

The ventilation and air conditioning (VAC) system provides suitable conditions for 

human work activities, heat evacuation and sensitive electronic equipment, avoids high 

concentration of polluting or harmful substances, and evacuates smoke and heat in case 

of fire. The fire has to be isolated into fire rated compartments by the automatic closure 

of smoke and fire dampers. 

Both ventilation and air conditioning systems shall be centralized. 

The VAC system includes: 

 Mixing chamber to control the ratio between the return, outside and exhaust air 
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 Filter system  

 Air fan to be operated in multiple modes (air flow) 

 Water cooling type, air conditioning system, fed by the raw water tank 

 Humidifier 

 Automatic control 

The whole system is intended to be installed in the VAC room. The VAC system shall be 

controlled locally as well as remotely from the control room. 

14.5.9 Low Pressure Compressed Air System 

A centrally arranged low pressure compressed air system will be used to provide 

pressurized air to the following consumers: 

 Turbine maintenance shaft seal 

 Generator brakes 

 Service air within the powerhouse 

The system operates at approx. 10 bars. The system consist of a central arrangement with 

redundant air compressors, pressure tanks, pipes, valves, instruments, anchors and all 

necessary accessories. 

14.5.10 Oil purification and transport system 

Oil purification system will consist of pumps, piping, instrumentation, valves, tanks for 

clean and dirty oil and purification unit. System will be central and stationary. The system 

will be in charge of conditioning of the turbine and generator oil. 

14.5.11 Waste Water Treatment System 

Waste water in the powerhouse will be collected in one waste water treatment package 

that will be situated on the turbine floor. The effluent of the waste water treatment plant 

will be discharged to the drainage sump by gravity. 

Navigation lock will have its own waste water treatment package. 

14.6 Electrical Balance of Plant 

14.6.1 Power Supply Concept  

The reliability of the power plant depends highly on the AC power supply. Thus, the AC 

power supply system is designed to provide maximum supply reliability and flexibility. 

The station service transformers are connected to the generator voltage and providing 

22 kV for the station service supply of the entire consumers of the plant. 

The auxiliary power supply is assured by 22 / 0.4 kV auxiliary transformers. 

The emergency diesel generator is connected by a transformer to the 22 kV.  
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14.6.2 UPS and Battery System 

The DC power supply systems to be installed indoor and has a voltage level of 220 V for 

feeding the plant control system equipment, the uninterrupted AC power supply (UPS) 

and the emergency lighting.  

The batteries should have a capacity of at least 2,200 Ah. 

The UPS is to provide with a sufficient capacity for all required essential consumers. 

14.6.3 Diesel Generator Set 

Emergency power supply of essential consumers inside the power plant is provided by 

one diesel generator in case of complete power outage. Feeding of the control systems 

and start-up of diesel generator is carried out from the DC power supply system. The 

diesel generator unit will be located next to the powerhouse. The size of the diesel unit 

shall enable starting one unit without auxiliary power supply and will be in the range of 

1500 kVA. 

14.6.4 Earthing and Lightning Protection System 

One complete, interconnected grounding system will be provided for the powerhouse and 

all other areas. Depending on the earth electrode resistance, the mesh width will be 

determined. For reaching a low grounding resistance of 0.1 Ohm, all electric conductible 

equipment and metal parts at the entire plant have to be connected to the plant grounding 

system.   

A lightning system is required for all buildings and equipment including hydraulic 

cylinders. 

14.6.5 Illumination and Small Power Installations 

The illumination and socket outlet system shall be 400/230V AC, three-phase, four-wire 

with a separate grounding wire and solidly-grounded neutral.  

All installations shall be carried out in accordance with best modern construction practice.  

14.7 Control, Signalling, Protection and Measuring 

The start-up and shut-down process of the unit is supposed to be entirely automatic, no 

manual operation has to be undertaken during regular operation. These processes have to 

be both locally and remote controlled. Testing and emergency as well as start-up and 

shut-down operations are intended to be carried out from the central control room (CCR) 

within powerhouse. 

For the billing a billing system including a metering system is required to be in 

accordance to the standards of EGAT and/or EDL. 

A remote control system should be provided. Therefore the following control levels exist: 

 Remote control from the load dispatch centers  

 CCR in the powerhouse 

 Local Control cubicles 

The various parts of the power station are controlled and monitored from the central 

control room. The unit controllers equipped with local control board will be located in 

For 
PNPCA O

nly



Luang Prabang HPP  115002924 
Feasibility Study Report  201 
 

 

Copyright © Pöyry Energy Ltd. 

the correspondent rooms, preferably located at machine hall elevation. The control 

system will provide the complete control, metering, indication, alarm and data logging 

system for the power plant. A complete electrical and mechanical protection system will 

be implemented protecting the units from harm in case of failure. 

14.8 Communication and Security Systems 

The communication system in general including power line carrier (PLC) should be 

provided for the connections with the NCC, BCC and the RCC. 

An integrated security and surveillance system shall be installed to achieve a good level 

of protection against all potential risks of intrusion and to contribute to the process, 

equipment, and personnel safety through IP based Video Surveillance System (VSS) via 

a Closed Circuit TV System (CCTV). 

All these systems will be fed by the correspondent station service supply. 

14.9 Auxiliary Units 

14.9.1 Design Criteria 

The following parameter have been used for the layout and design of electro-mechanical 

equipment of the auxiliary units: 

 

Table 14-6:  Relevant Water Level for Turbine Layout  

Description Rated Maximum Minimum 

Upstream Water Level 312.00 m asl 312.00 m asl 312.00 m asl 

Fish Pond Water Level 281.00 m asl 276.00 m asl 290.50 m asl 

Gross head 31.00 m 36.00 m 21.50 m 

14.9.2 Mechanical Equipment 

14.9.2.1 Turbines 

Type of Turbines 

For the given head range and discharge an axial turbine (Kaplan or Propeller Turbine) is 

suitable. For the auxiliary units a Kaplan turbine with vertical axis has been selected.  

Number of Units 

The auxiliary units are planned to use the remaining head from the water used for the fish 

attraction flow for the upstream and downstream migration facilities. The water required 

for fish attraction is about 100 to 140 m3/s for the downstream migration, and about 80 

to 180 m3/s for the upstream migration. As the attraction flow from the downstream 

migration shall be “re-used” for the upstream migration, an arrangement with three (3) 

auxiliary units with a design discharge 60 m3/s each (total up to 180 m3/s) has been made. 
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Capacity 

With a gross head range between 21.50 and 36.0 m, a unit discharge of about 60 m3/s and 

an allowance for some over-capacity the maximal unit design capacity is determined to 

20 MW x 3 units, totalling to 60 MW.  

Turbine Speed 

For the given hydraulic and operational conditions, a synchronous speed of 250 rpm has 

been selected. 

The runaway speed has been estimated at 750 rpm. The runaway speed is of indicative 

character, the final value will be defined by the supplier. 

Submergence 

Adequate submergence of the turbine is required to limit cavitation. For the auxiliary 

units the required submergence is about 9.5 m, which has been defined for a minimum 

tailwater level of EL 278.0 m, resulting at a turbine centerline elevation of 268.50 m asl. 

Turbine Design 

The turbine dimensions used for the powerhouse layout have been developed from a 

TurbinePro software and experience from a similar project. The main dimensions of the 

turbine units and the auxiliary unit are given in Table 14-7. These dimensions may change 

by about ±10%, depending on the final scheme layout and the selected manufacturer.  

The shaft position of the Kaplan turbine is vertical with a steel inlet bend. The turbine is 

directly coupled to the generator. The inlet bend is a welded steel construction. The inlet 

is manufactured in factory. Although the spiral case is embedded in concrete, the case 

has to be designed for the entire internal pressure including water hammer. 
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Table 14-7:  Salient Features of Auxiliary Turbine  

Auxiliary Unit   

 

D1 2.90 m 

Dib 4.24 m 

L1 4.95 m 

L2 2.75 m 

L3 3.55 m 

L4 7.45 m 

L5 12.40 m 

L6 5.70 m 

B 6.85 m 

H 3.80 m 

 

14.9.2.2 Main Inlet Valve 

No main inlet valve is foreseen as the regulating ring has counter weight that serves as 

protection in case of emergency closing.  
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14.9.3 Electrical Equipment 

14.9.3.1 Generator 

Characteristics 

The rated synchronous speed of the generator is 250 rpm (same as turbine speed). 

The output at the generator terminal is calculated for an operating point at maximum 

mechanical power and for a power factor assuming that the auxiliary unit generator will 

not participate on the reactive power regulation of the grid (power factor of cosφ ≥ 0.9 

was assumed to be sufficient), and a generator efficiency 0.975 has been taken into 

account. The Output of the generator is determined to 22 MVA. The maximum 

permissible temperature rise must not exceed 90 K, according to IEC class B insulation. 

The air-cooled generators will be equipped with air-water heat exchangers, connected to 

a closed-loop cooling water system. This type of cooling concept is common practice for 

this size of generators and considerably reduces the maintenance activities.  

Each generator will be equipped with pneumatically operated brakes of sufficient 

capacity to stop the rotor and the turbine from about one third of the synchronous speed 

to standstill. 

The salient features of the generator are listed in Table 14-8, the main dimensions are 

given in Figure 14-4. 

 

Table 14-8:  Salient Features of Generator  

Generator  

Number of sets 3 

Type: Synchronous 

Rated output: 22 MVA 

Power factor: 0.9 overexcited 

Rated voltage: 11 kV 

Frequency: 50 Hz 

Rated speed: 250 rpm 

Runaway speed: 750 rpm 

Bearing arrangements: IM8421 IEC60034-7 

Stator/ Rotor insulation: Class F 

Temperature rise: Class B 

Cooling system: Air / Water 

Excitation system type: brushless 
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Figure 14-4: Main Dimensions of the Auxiliary Generator 

 

Insulation 

The generators have a state-of-the-art epoxy type insulation system, allowing the 

operation at class F temperature rise, as this is defined in the IEC No. 60034. The long-

term performance of the insulation system is affected by the maximum operating 

temperature of the windings. Due to the increased degradation rate during operation at 

high temperature, the temperature rise is recommended to be class B for the rated output 

under normal conditions. 

Excitation System 

A brushless excitation system with exciter unit and rotating diodes is foreseen. The 

systems include digital voltage regulator, thyristor/diode rectifiers and field suppression 

equipment. The excitation energy is drawn from the main leads through a dry-type 

excitation transformer, placed in a separate metallic housing. For the initial excitation 

during start-up, field flashing equipment, fed from the 220 VDC battery bank, is needed. 

Connection to Step-Up Transformer 

The auxiliary generators are connected by conventional medium voltage cables (rated for 

the maximum unit power of 22 MVA) with the 11 kV switch gear. 

Circuit Breakers 

Two circuit breakers are foreseen for the auxiliary units, the generator circuit breaker 

between the auxiliary generators and the 11 kV bus, and a circuit breaker between the 

11/22 kV Step-up transformer and the 22 kV bus.  

The voltage rating of the generator circuit breaker is in accordance with the terminal 

voltage of the auxiliary generator (11 KV). The circuit breaker comprise a SF6 breaker 

with mechanical spring mechanism, and is specifically designed for breaking short-circuit 
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currents close to the generator. In addition to the common protection and synchronizing 

equipment of the main circuit breaker unit, disconnecting and earthing switches, surge 

arresters, current and voltage transformers etc. are foreseen. 

The voltage rating of the circuit breaker between the 11/22 kV Step-up transformer and 

the 22 kV bus is in accordance with the terminal voltage of the transformer (22 kV). The 

circuit breaker comprise a SF6 breaker with mechanical spring mechanism. In addition 

to the common protection and synchronizing equipment of the circuit breaker, 

disconnecting and earthing switches, surge arresters, current and voltage transformers 

etc. are foreseen. 

Step-Up Transformer 

The three phase 11/22 kV step-up transformer is located close to the 11 kV generator 

switch gear. 

The transformers must be able to transfer about 75% of the rated power by natural air-

cooling. For the remaining 25% forced air-cooling with a ventilation system has been 

selected. Thus, the cooling system of the transformers is of the ONAN/ONAF type. The 

transformer terminals are suitable for the connection to the 11 kV cables at the low 

voltage (LV) side; the high voltage (HV) terminals are suitable for the connection to 

22 kV cables. 

The transformer is placed on the foundation with skids to withstand the seismic events.  

The main transformers have to be protected against overvoltage and surge with 

appropriate surge arresters, located in close proximity. The transformers main 

characteristics are given in Table 14-9. 

 

Table 14-9:  Salient Features of the 11/22 kV Step-Up Transformer  

Step-Up Transformer  

Output: 70 MVA 

Frequency: 50 Hz 

HV rated voltage: 22 ± 8 x 2% kV 

LV rated voltage: 11 kV 

Vector group: YNd5 

Cooling system: ONAN/ONAF 

Transport weight: 100 tons 

Transport dimensions (L x W x H): 6 m x 4 m x 4 m 

Step-Down Transformer 

The three phase 22/16 kV step-down transformer is located close to the 16 kV switch 

gear. 

The transformers must be able to transfer about 75% of the rated power by natural air-

cooling. For the remaining 25% forced air-cooling with a ventilation system has been 
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selected. Thus, the cooling system of the transformers is of the ONAN/ONAF type. The 

transformer terminals are suitable for the connection to the 16 kV cables at the low 

voltage (LV) side; the high voltage (HV) terminals are suitable for the connection to 

22 kV cables. 

The transformer is placed on the foundation with skids to withstand the seismic events.  

The main transformers have to be protected against overvoltage and surge with 

appropriate surge arresters, located in close proximity. The transformers main 

characteristics are given in Table 14-10. 

 

Table 14-10:  Salient Features of the 22/16 kV Step-Down Transformer  

Step-Up Transformer  

Output: 70 MVA 

Frequency: 50 Hz 

HV rated voltage: 22 kV 

LV rated voltage: 16 kV ± 8 x 2% kV 

Vector group: YNd5 

Cooling system: ONAN/ONAF 

Transport weight: 100 tons 

Transport dimensions (L x W x H): 6 m x 4 m x 4 m 
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14.9.4 Mechanical Balance of Plant 

Cooling Water System 

An independent closed cooling water system is foreseen for each auxiliary unit. It 

supplies cooling water for the following components: 

 Turbine bearings 

 Lower generator bearings 

 Upper generator bearings 

 Generator cooling 

 Turbine shaft seal 

 Other consumers 

The cooling water system is composed of pipes, valves, control and monitoring 

instrumentation, circulation pumps and main heat exchanger. The main heat exchanger 

is submerged in the water outlet downstream of the draft tube gate. This system is selected 

to keep operating and maintenance cost low. 

Auxiliary Powerhouse Crane 

One machine hall crane is installed in the auxiliary powerhouse. The operating range of 

the auxiliary powerhouse crane has to cover the erection bay for unloading, loading and 

placing heavy equipment. The crane capacity is defined by the heaviest device to be 

installed. The generator of the main generators has a weight of approximately 60 ton; 

a75 ton crane shall be considered.  

Fire Protection and Detection System 

The firefighting system of the powerhouse protects staff and equipment inside and 

outside of the powerhouse, as well as the building itself. It consists of an automatic fire 

detection and alarm system and fire extinguishing equipment for both automatic and 

manual operation in the event of fire. The outside area of the power plant is equipped 

with an adequate amount of fire hydrants. The areas inside the powerhouse are equipped 

with fire hoses and chemical extinguishers at every floor of the plant. The firefighting 

system is fed by the high-pressure side of the cooling water system. In case of a failure, 

water is provided from the tailwater by two separate booster pumps. For rooms with 

sensitive equipment FM200 firefighting systems are foreseen. For the generators, a 

gaseous extinguishing system is foreseen (INERGEN). The main transformers are 

equipped with an independent firefighting equipment, as explained in Chapter 14.4.5. 

Drainage and Dewatering System 

It is foreseen to connect the drainage and dewatering system of the auxiliary powerhouse 

with the drainage and dewatering system of the main powerhouse.  

Heating, Ventilation and Air-Conditioning System  

The heating, ventilation and air conditioning (HVAC) system provides suitable 

conditions for human work activities, heat evacuation and sensitive electronic equipment, 

avoids high concentration of polluting or harmful substances, and evacuates smoke and 
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heat in case of fire. The fire has to be isolated into fire rated compartments by the 

automatic closure of smoke and fire dampers. 

The HVAC system includes: 

 Mixing chamber to control the ratio between the return, outside and exhaust air 

 Filter system  

 Air fan to be operated in multiple modes (air flow) 

 Heat recovering system, using exhaust air of the central air handling unit 

 Water cooling type, air conditioning system, fed by the cooling water cycle 

 Conditioning register, supplied with cooling agent of the VRV/VRF system  

 Humidifier 

 Automatic control 

The whole system is intended to be installed in the HVAC room.  

In order to keep the duct dimensions small, the auxiliary powerhouse is equipped with a 

VRV/VRV system, in order to evacuate extensive heat from particular electrical 

equipment. Also, the system could be central system for the auxiliary powerhouse and 

control building. 

Compressed Air (Low Pressure) 

The powerhouse is equipped with a low pressure air system to provide pressurized air to 

the following consumers: 

 Generator brakes 

 Service air within the powerhouse 

The system operates with approx. 10 bars. The system consist of a central arrangement 

with redundant air compressors, pressure tanks, pipes, valves, instruments, anchors and 

all necessary accessories. 

14.9.5 Electrical Balance of Plant 

Power Supply Concept  

The reliability of the power plant depends highly on the AC power supply. Thus, the AC 

power supply system is designed to provide maximum supply reliability and flexibility. 

Under normal operation, the auxiliary power supply is assured by one 22/0.4 kV station 

service transformer, connected to the 22 kV single busbar switchgear. This switchgear is 

fed by branches of the isolated busbars. In case of failure of this energy supply, all 

essential loads are fed by an emergency diesel generator unit. 
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UPS and Battery System 

Although the space is allocate at this stage, intention is to use to be connected on the main 

powerhouse DC power supply system. 

Diesel Generator Set 

Diesel generator is not foreseen rather auxiliary powerhouse will be feed from the main 

powerhouse diesel generator. 

Earthing and Lightning Protection System 

One complete, interconnected grounding system will be provided for the auxiliary 

powerhouse. Depending on the earth electrode resistance, the mesh width will be 

determined. For reaching a low grounding resistance, all electric conductible equipment 

must be connected together and to the grounding mesh. 

Illumination and Small Power Installations 

The lighting and socket outlet system shall be 400/230V AC, three-phase, four-wire with 

a separate grounding wire and solidly-grounded neutral.  

14.9.6 Control, Signalling, Protection and Measuring 

The start-up and shut-down process of the unit is supposed to be entirely automatic, no 

manual operation has to be undertaken during regular operation. These processes have to 

be both locally and remote controlled. Testing and emergency as well as start-up and 

shut-down operations are intended to be carried out from the control board in the 

powerhouse. 

A remote control system is foreseen for the auxiliary HPP. Therefore the following 

control levels exist: 

 Remote control from the load dispatch centre 

 Control room in the control building 

 Local Control cubicles 

The various parts of the auxiliary powerhouse are controlled and monitored from the 

operator room. The unit controllers equipped with local control board will be located in 

the correspondent rooms. The control system will provide the complete control, metering, 

indication, alarm and data logging system for the power plant. A complete electrical and 

mechanical protection system will be implemented protecting the units from harm in case 

of failure. 

14.9.7 Communication and Security Systems 

Telecommunication equipment as well as telephone, NTP time server and public address 

system centre are arranged in the telecommunication room. 

An integrated security and surveillance system shall be installed to achieve a good level 

of protection against all potential risks of intrusion and to contribute to the process, 

equipment, and personnel safety through IP based Video Surveillance System (VSS) via 

a Closed Circuit TV System (CCTV). 

All these systems will be fed by the correspondent station service supply. 

For 
PNPCA O

nly



Luang Prabang HPP  115002924 
Feasibility Study Report  211 
 

 

Copyright © Pöyry Energy Ltd. 

15 HYDRO-MECHANICAL EQUIPMENT 

15.1 General 

This chapter gives a general description of the hydro-mechanical equipment of the Luang 

Prabang HPP installed in the following structures: 

 Navigation Lock 

 Spillway 

 Powerhouse 

 Auxiliary Powerhouse 

 Fish Migration Facilities 

15.2 Navigation Lock 

The hydro-mechanical equipment required for the Navigation Lock are for the Lock 

Chamber (three miter gates (upper, middle and lower) and stoplogs for maintenance 

works) and the feeding system.  

15.2.1 Lock Chambers 

Miter Gates 

Miter gates are canal lock gates. When closing a pair of gates swing out from the side 

wall and meet at an angle upstream like a chevron. With a small water level difference 

(higher level on the upstream side) the gates are squeezed together and “locked”; they 

cannot be opened until the water level have equalised.  

The height of the miter gates is defined by the minimum water level in the approach 

channel (plus required depth below water level) and the maximum water level; the main 

dimensions of the miter gates are provided in the following table:  

Table 15-1: Design Parameter of the Miter Gates 

Parameter Upper Gate Middle Gate Lower Gate 

Operating Deck Level 317.00 m asl 317.00 m asl 302.00 m asl 

U/S FSL Level 312.00 m asl 312.00 m asl 294.25 m asl 

D/S Design WL (min) 294.25 m asl 276.50 m asl 276.50 m asl 

Sill Level 289.25 m asl 289.25 m asl 271.50 m asl 

Top of Miter Gate 313.00 m asl 317.00 m asl 298.00 m asl 

Height of Miter Gate 23.75 m 27.75 m 26.50 m (tbd) 
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Stoplogs 

Stop logs are required to isolate a miter gate at the Navigation Lock, whereas stoplogs 

have to be set upstream and downstream of the miter gate. The stoplogs provided for the 

Low Level Outlets are designed in a way they can also be used for the isolation of the 

miter gates of the Navigation Lock. A total of 16 stoplogs are available, which is the 

maximum number to isolate one miter gate (downstream miter gate).  

Table 15-2: Stop Logs for Miter Gates 

Parameter Upper Gate Middle Gate Lower Gate 

Clear Span 12.00 m 12.00 m 12.00 m 

Number of Stoplogs U/S 9 9 8 

Number of Stoplogs D/S 5 5 8 

15.2.2 Water Feeding System 

A trashrack is foreseen at the intake, the trashrack consist of 3 removable panels (by 

monorail crane) and has a vertical spacing of 50 mm. 

A total of three (3) gates along the main conduit can regulate the water flow, the upstream 

service gate the flow from the intake to the upper chamber, the central service gate the 

flow between the upper and the lower chamber, and the downstream service gate from 

the lower chamber to the outlet. A maintenance gate is foreseen at each services gate 

location (upstream, central and downstream). The design of the maintenance gate will be 

similar to the services gate, i.e. the maintenance gate can be used for operation while the 

services gate is being out of operation (e.g. maintenance).  

Key features of the service and maintenance gates of the water feeding system are listed 

in the following table. 

Table 15-3: Key Features of the Service and Maintenance Gates along the Water 
Feeding System 

Parameter U/S Gate Central Gate D/S Gate 

Type of Service Gate roller roller roller 

Type of Maintenance Gate roller roller roller 

Dimensions (W x H) 3.0 x 4.5 m 3.0 x 4.5 m 3.0 x 4.5 m 

Sill level 285.50 m asl 269.50 m asl 269.50 m asl 
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15.3 Spillway 

15.3.1 General 

The spillway is divided into a total of nine (9) bays, six (6) Surface Spillway bays and 

three (3) Low Level Outlets. Each of these bays is equipped with a service gate (radial 

gate) operated by hydraulic cylinders. The following hydro-mechanical equipment will 

be installed/provided for the spillway: 

 Surface Spillway 

 Service gate (radial gate) 

 Upstream maintenance gate (stoplogs) 

 Downstream maintenance gate (stoplogs) 

 Low level outlet  

 Service gate (radial gate) 

 Upstream stoplogs 

 Upstream maintenance gate 

 Downstream stoplogs 

 Gantry Cranes 

 Upstream gantry crane 

 Downstream gantry crane 

15.3.2 Surface Spillway 

Each bay of the Surface Spillway is 19.0 m wide and 25.0 m high. The flow through the 

Surface Spillway bays is controlled by the service gate (radial gate), operated by 

hydraulic cylinders. All Surface Spillway service gates are equipped with a flap gate. 

For maintenance purposes maintenance gates (stoplogs) can be placed upstream and 

downstream of the service gate using the upstream and downstream gantry crane. One set 

of upstream and one set of downstream stoplog set are foreseen for the Luang Prabang 

HPP. The principal arrangement of two Surface Spillway blocks is shown in Figure 15-1. 
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Figure 15-1: 3D View of two Surface Spillway Blocks  

Service Gates / Radial Gates 

The service gate (a radial gate) is made of welded steel and is operated by two single 

acting hydraulic cylinders. The side seals for the gate and the flap are L-shaped and the 

sill seal for the gate and the flap are fibre-reinforced flat rubber profiles. Side rollers allow 

radial guiding for opening and closing. All embedded faces on the gate and the sealing 

face for the flap in contact with seals or guide rollers are in stainless steel. The main 

technical data of the service gate are given in Table 15-4. 

Table 15-4: Technical Data of Surface Spillway Service Gates 

Parameter Data 

Full Supply Level 312.00 m asl 

Sill level 288.00 m asl 

Type Radial (tainter) 

Number of gates (total) 6 

Clear span 19.00 m 

Clear height 25.00 m 

Sealing Water pressure actuated 

Skin plate side Upstream 

Operating equipment Hydraulic cylinder 

The gates are designed to close under their own weight in full flow condition. The radial 

gates will be designed for the static pressure of reservoir maximum flood water level and 

hydro dynamic pressure due to earthquake conditions. 

The radial gate trunnions are located such to not penetrate the water jet during spilling. 
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Power supply for the radial gates is provided from the main distribution board and 

redundant from emergency power supply. 

Each service gate has its own hydraulic power unit (HPU) located in a control room on 

piers at deck elevation. Usually one control room hosts two (2) HPU’s of the two adjacent 

spillway bays, which share a common oil tank. Each of these HPU’s can independently 

lift or lower the respective gates via their respective hydraulic cylinders. The hydraulic 

pipes to the gates are laid in cable ducts across the bays inside the road structure. 

Upstream Maintenance Gates (Stoplogs) 

The spillway maintenance gate (stoplog) and the lifting beam will be kept in the storage 

position in one of the stoplog slots or above the slots at deck elevation. Due to the gate 

span it is recommended to use two cranes coupled together. The stoplogs and crane will 

be designed to lower under flow conditions. Lifting the stoplog will be only under 

balanced head conditions through by-pass valve. Fixed wheel type stoplogs with skin 

plate and downstream rubber seals are recommended. The stoplog set consists of three 

top stoplog sections, two middle stoplog sections and one bottom stoplog section. It is 

recommended to have two stoplog sections. The stoplogs will be operated by two coupled 

spillway gantry crane and a semi-automatic lifting beam. 

Table 15-5: Technical Data of Upstream Maintenance Gate 

Parameter Data 

Full Supply Level 312.0 m asl 

Top elevation 312.50 m asl 

Sill level 288.83 m asl 

Type Fixed wheel 

Number of gate sets (total) 1 

Number of sections per set 6 

Clear span 19.00 m 

Clear height 25.00 m 

Sealing Downstream 

Skin plate side Downstream 

Downstream Maintenance Gates (Stoplogs) 

The downstream maintenance gate (stoplog) and the lifting beam will be kept in the 

storage position in one of the stoplog slots or above the slots at deck elevation. Due to 

the gate span it is recommended to use two cranes coupled together. The stoplogs and 

crane will be lower or lift only under balanced head conditions. Slide type stoplogs with 

skin plate and upstream rubber seals are recommended. The stoplog set consists of four 

top stoplog sections, three bottom stoplog section. It is recommended to have one stoplog 

sections. The stoplogs will be operated by two coupled spillway gantry crane and a semi-

automatic lifting beam. The main technical data are shown in the following table.  
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Table 15-6: Technical Data of the Downstream Maintenance Gate 

Parameter Data 

Full Supply Level 312.00 m asl 

Sill level 267.00 m asl 

Type Slide 

Number of gate sets (total) 1 

Number of sections per set 7 

Clear span 19.00 m 

Clear height 25.00 m 

Sealing Upstream 

Skin plate side Upstream 

15.3.3 Low Level Outlets 

The Low Level Outlet is part of the spillway and is divided into three (3) bays, each 

12.0 m wide; each of them is equipped with a radial gate operated by hydraulic cylinders. 

For maintenance purposes maintenance gates (stoplogs) can be placed upstream and 

downstream of the radial gate using the upstream and downstream gantry crane. One set 

of upstream and one set of downstream stoplog set are foreseen for the HPP (which will 

also be shared with the Navigation Lock). The principal arrangement of two Low Level 

Outlet blocks is shown in Figure 15-2. 

 

Figure 15-2: 3D View of two Low Level Outlet Blocks  
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Service Gates/ Radial Gates 

Each of the three Low Level Outlet bays is equipped with a service gate (radial gate). 

Each radial gate is 12.0 m wide and 16.00 m high. Each gate is operated by two single 

acting hydraulic cylinders. 

Each service gate has its HPU, which are located in a control rooms placed at the piers at 

deck elevation at the piers. In general each control room hosts two HPU mounted on a 

common oil tank. Each of these HPU’s can independently lift or lower the respective 

gates via their respective hydraulic cylinders. The hydraulic pipes to the gates are laid in 

cable ducts across the bays inside the road structure. The radial gate trunnions are located 

to not penetrate the water jet during spilling. 

The radial gate is made of welded steel. Gate mounted seals comprise a rectangular 

section sill and lintel seal, activated by gate mass when the gate is fully closed, and P 

section side seals activated by a combination of pre-compression and hydrostatic pressure 

which are activated throughout gate movement. The seal material grade is EPDM/TCT. 

Side rollers allow radial guiding during opening and closing. All embedded sealing faces 

of the gate in contact with gate seals or guide rollers are in stainless steel. Power supply 

for the radial gates is provided from the main distribution board and redundant from 

emergency power supply. 

The gates are to be designed to close under their own weight in full flow condition. The 

radial gates will be designed for the static pressure of reservoir maximum flood water 

level and hydro dynamic pressure due to earthquake conditions. The main technical data 

of the Low Level Outlet service gates are listed in Table 15-7. 

Table 15-7: Technical Data of Low Level Service Gates 

Parameter Data 

Full Supply Level 312.00 m asl 

Sill level 275.00 m asl 

Type Radial (tainter) 

Number of gates (total) 3 

Clear span 12.00 m 

Clear height 16.000 m 

Sealing Water pressure actuated 

Skin plate side Upstream 

Operating equipment Hydraulic cylinder 

Upstream Stoplogs 

The stoplog and the lifting beam will be kept in storage position in one of the stoplog 

slots or above the slots at deck elevation. The stoplogs and crane will be lower or lift only 

under balanced head conditions. Slide type stoplogs with skin plate and downstream 

rubber seals are recommended. The stoplog set consists of nine stoplog sections, one top 

section and eight lower sections. The stoplogs will be operated by two coupled spillway 

gantry crane and a semi-automatic lifting beam. 
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Table 15-8: Technical Data of Low level Outlet Upstream Stoplog 

Parameter Data 

Full Supply Level 312.00 m asl 

Sill level 275.00 m asl 

Type Slide 

Number of gate sets (total) 1 

Number of sections per set 9 

Clear span 12.00 m 

Clear height 27.025 m 

Sealing Downstream 

Skin plate side Downstream 

Upstream Maintenance Gates 

One Low Level Outlet maintenance gate is supplied for the three Low Level Outlets of 

the spillway. The maintenance gate will be used to close a Low Level Outlet immediately 

upstream of the radial gate for maintenance/inspection works and/or in the event of a 

radial gate malfunction. The gate can be lowered into flow conditions by gravity. When 

not in use, each gate is “stored” in two sections inside the gate slots. 

Wheeled type gate with skin plate and rubber seals on the upstream side of the gate are 

foreseen.  

The gate will be provided with by-pass valves to equalise the water head for lifting. The 

gate must be raised under balanced head conditions. The gate is positioned, lowered or 

raised by means of a dedicated semi-automatic lifting beam attached to the upstream 

spillway gantry crane. 

Table 15-9: Technical Data of Low Level Outlet Upstream Maintenance Gate 

Parameter Data 

Full Supply Level 312.00 m asl 

Sill level 275.00 m asl 

Type Wheeled 

Number of gate sets (total) 1 

Number of sections per set 2 

Clear span 12.00 m 

Clear height 16.613 m 

Sealing Upstream 

Skin plate side Upstream 

Operating equipment Lifting beam and gantry crane 
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Downstream Stoplogs 

The stoplog and the lifting beam will be kept in their storage position in the stoplog slots 

or above the slots at deck elevation. The stoplogs and crane will be lower or lift only 

under balanced head conditions. Slide type stoplogs with skin plate and upstream rubber 

seals are recommended. The stoplog set consists of seven top stoplog sections, and one 

bottom stoplog section. The stoplogs will be operated by two coupled spillway gantry 

crane and a semi-automatic lifting beam. 

Table 15-10: Technical Data of Low Level Outlet Downstream Maintenance Gate 

Parameter Data 

Full Supply Level 312.00 m asl 

Sill level 270.25 m asl 

Type Slide 

Number of gate sets (total) 1 

Number of sections per set 8 

Clear span 12.00 m 

Clear height 24.00 m 

Sealing Upstream 

Skin plate side Upstream 

15.3.4 Gantry Cranes 

Upstream Spillway Gantry Crane 

The two (2) upstream spillway gantry cranes are installed on the upstream spillway 

structure. For stoplog operation, the two cranes are synchronized by a semi-automatic 

lifting beam. The gantry cranes are designed in welded steel box girders. Alternatively 

one gantry crane with two hoists could be considered.  

Table 15-11: Technical Upstream Spillway Gantry Crane 

Parameter Data 

Deck level 317.00 

Type Gantry 

Number of cranes 2 

Crane capacity 175 t 

Lifting/lowering speed of 
main hook 

4.0/0.3 m/min 

Maximum hook height from 
deck 

12.00 m 

Lifting height (hook path) 50.00 m 

Gantry span 7.50 m 
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Downstream Spillway Gantry Crane 

The two (2) downstream spillway gantry cranes are installed on the downstream spillway 

structure. For stoplog operation, the two cranes are synchronized by a semi-automatic 

lifting beam. The gantry cranes are designed in welded steel box girders. 

Table 15-12: Technical Downstream Spillway Gantry Crane 

Parameter Data 

Deck level 310.00 m asl 

Type Gantry 

Number of cranes 2 

Crane capacity 37.5 t  

Lifting/lowering speed of 
main hook 

4.0/0.3 m/min 

Maximum hook height from 
deck 

6.40 m 

Lifting height (hook path) 50.00 m 

Gantry span 7.80 m 

15.4 Powerhouse Area 

15.4.1 General 

The Hydro-Mechanical equipment for the Powerhouse cover the Intake area and the Draft 

Tubes. The following hydro-mechanical equipment as shown in Figure 15-3 is foreseen 

to be installed: 

 Trashrack 

 Trashrack Cleaning Machine 

 Maintenance Intake Gate 

 Service Intake Gate 

 Power Intake Gantry Crane 

 Draft Tube Maintenance Gate 

 Draft Tube Gantry Crane 
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Figure 15-3:  Overview of the Hyromechanical Equipment for the Powerhouse 

15.4.2 Trash Rack 

The intake structure has an inclined front with a slope 79⁰ and consists of seven separated 

intakes where each intake has three opening with trash racks. The trash racks cover the 

area of the inlet openings from the sill at El. 265.00 m up to El. 300.50 m.  

The single welded panels of the trash racks are bolted on supporting beams and braced to 

the steel side frame. Each panel consists of vertical flat steel bars and horizontal bar 

spacers, interconnecting the panels and serving as lateral bracing to the embedded frame. 

The trash racks will be designed for the head at the inlet of the intake. The design, 

fabrication and installation shall be done to avoid vibration. The main technical data of 

the trash racks are given in Table 15-13. 
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Table 15-13: Technical Data of Trashrack 

Parameter Data 

Sill level 265.00 m asl 

Type Fixed 

Number of inlets 7 

Number of opening per inlet 3 

Clear height of opening 34.43 m 

Clear width of opening 20.79 m 
(3*6.93 m) 

Clearance between trash rack bars 120 mm 

15.4.3 Trash Rack Cleaning Machine 

The trash rack cleaning machine (TRCM) shall remove various kinds of debris, such as 

branches, medium sized logs and stumps, plastic and other civilization trash, from the 

racks and ensure that the inlet areas are clear.  

The trash racks will be cleaned by two gantry type rope system trash rack cleaning 

machines. The rope type TRCM can operate in automatic, semi-automatic and manual 

mode and shall be equipped with an additional revolving hydraulic jib crane for manual 

large trash handling. 

The TRCM mainly consists of the rail system, the supporting movable steel structure 

(gantry), the winch cabin with the hoisting unit, a swivelling trash rake, an operator’s 

cabin, and the control and power supply unit. The design of the TRCM will comply with 

international standards. The main technical data of the trash rack cleaning machine are 

given in Table 15-14. 

Table 15-14: Technical Data of Trash Rack Cleaning Machine 

Parameter Data 

FSL 312.00 m asl 

Deck level 317.00 m asl 

No. of units 2 

Type Gantry rope automatic 

TRCM lifting capacity (total) 6 ton 

Net (cleaning) capacity 3 ton 

Rake width 3.5 m 

Jib hoist capacity 5 ton 

Lowering and lifting speed 25.00 & 12 m/min 

Lifting height ~55 m 
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15.4.4 Intake Stoplog / Maintenance Intake Gate 

The stoplogs and the lifting beam of the power intake will normally be kept in their 

storage rack on the deck of the intake structure. In case of maintenance at the service gate, 

the stoplog set will be placed, hindering the water from penetration into the power 

waterway.  

Sliding type stoplogs with skin plate and rubber seals on the downstream side of the 

stoplogs are recommended. The stoplog set consists of seven stoplog sections, one top, 

one bottom and five intermediate. 

The stoplogs will only be placed and removed in the slot under balanced head conditions. 

Pressure is equalized by a by-pass valve system inside the top stoplog. The stoplogs will 

be operated by a gantry crane and a semi-automatic lifting beam. The main technical data 

of the maintenance intake gate (stoplog) are given in Table 15-14. 

Table 15-15: Technical Data of Maintenance Intake Gate (Stoplog) 

Parameter Data 

FSL 312.00 m asl 

Sill level 259.98 m asl 

Type Slide 

Number of gate sets (total) 3 

Number of stoplog sections 
per one gate 

7 

Clear span 7.00 m 

Clear height 18.25 m 

Sealing Upstream 

Skin plate side Upstream 

Operating equipment Lifting beam and gantry crane 

15.4.5 Service Intake Gate 

The service intake gates will be roller gates of the power intake will be roller gates and 

will normally be kept at the lower end of its slot, above the roller gate opening. The roller 

gate acts as an emergency closure device in case of failure of the wicket gate emergency 

closing. In addition, it is used to seal the intake in case of inspection or maintenance 

works. 

Each intake will have 3 openings with 3 roller gates. 

The roller gate will be able to close by its own weight in maximum flow condition. It can 

only be opened under equalized pressure, when the penstock is filled up with water. 

It will be designed as roller type emergency gate with skin plate and rubber seals on the 

downstream side of the gate. The bottom edge of the roller gate leaf shall be shaped for 

minimizing vibration during operation. The roller gates will be equipped with stainless 

steel rollers. 
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The gate will be designed considering the maximum flood water level in the reservoir as 

well as the hydro dynamic pressure under earthquake conditions. The roller gate will be 

operated by single acting hydraulic cylinders, fed by a hydraulic power unit (HPU) with 

two motor-pump sets. 

 

Table 15-16: Technical Data of the Service Intake Gate 

Parameter Data 

FSL 312.00 m asl 

Sill level 258.64 m asl 

Type Fixed wheel gate 

Number of gate sets (total) 3x7=21 

Clear span 7.00 m 

Clear height 16.75 m 

Sealing Downstream 

Skin plate side Downstream 

Operating equipment Hydraulic cylinders 

 

 

Figure 15-4: Example of an Roller Gate 

 

For 
PNPCA O

nly



Luang Prabang HPP  115002924 
Feasibility Study Report  225 
 

 

Copyright © Pöyry Energy Ltd. 

15.4.6 Power Intake Gantry Crane 

The power intake gantry crane is installed on the powerhouse intake deck, for 

maintenance intake gate operation. The power intake gantry crane has two hooks: one 

main hook for handling the gate set during lifting and lowering and auxiliary hook during 

stoplog gate section transport. The gantry crane is designed in welded steel box girders. 

 

Table 15-17: Technical Data Power Intake Gantry Crane 

Parameter Data 

Deck level 317.00 m asl 

Type Gantry 

Number of cranes 1 

Crane capacity 160/30 t 

Lifting/lowering speed of 
main hook 

4.0/0.3 m/min 

Lifting/lowering speed of 
auxiliary hook 

8.0/0.3 m/min 

Maximum hook height from 
deck 

20.00 m 

Lifting height (hook path) ~55.00 m 

Gantry span 10.00 m 

 

15.4.7 Draft Tube Maintenance Gate 

The stoplogs allow dewatering of the turbine draft tubes by pumps for the purpose of 

control, repair and maintenance works, when the unit is not in operation. For the Luang 

Prabang HPP, three sliding type stoplogs with skin plates and rubber seals on the 

upstream side are planned. The stoplog unit consists of three slide gate type rectangular 

sections.  

Handling of the stoplogs will only happen under balanced pressure conditions. Pressure 

balancing is done by a bypass system incorporated in the stoplog structure. 

Handling and setting in place of each unit is done with the help of a crane. The handling 

and setting in place operation is realized with a lifting beam. The stop-log grooves at the 

handling platform shall be covered by steel gratings. In times when the stop-logs are not 

used, they shall be stacked in their slots (one sliding stop log in one slot). 
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Table 15-18: Technical Data of Draft Tube Maintenance Gate 

Parameter Data 

FSL 312.00 m asl 

Deck level 310.00 m asl 

Sill level 246.00 m asl 

Type Slide 

Number of gate sets (total) 3 

Number of stoplog sections 
per one gate 

3 

Clear span 6.80 m 

Clear height 11.87 m 

Sealing Upstream 

Skin plate side Upstream 

Operating equipment Lifting beam and gantry crane 

15.4.8 Draft Tube Gantry Crane 

The draft tube gantry crane is installed on the powerhouse tailrace structure, for stoplog 

operation, the two hoists are synchronized by a semi-automatic lifting beam. The gantry 

crane is designed in welded steel box girders. 

Table 15-19: Technical Data Draft Tube Gantry Crane 

Parameter Data 

Deck level 310.00 m asl 

Type Gantry 

Number of cranes 1 

Crane capacity TBD 

Lifting/lowering speed of 
main hook 

4.0/0.3 m/min 

Maximum hook height from 
deck 

12.00 m 

Lifting height (hook path) 69.00 m 

Gantry span 7.50 m 
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15.5 Auxiliary Powerhouse 

This chapter provides an overview of the hydro-mechanical equipment foreseen at the 

auxiliary powerhouse. The following hydro-mechanical equipment is foreseen: 

 Intake: Intake maintenance gates, trash rack and trash rack cleaning machine 

 Draft tube gate 

15.5.1 Trashrack  

Units 1 and 2 

The intake structure for the units 1 and 2 at the downstream fish migration system is 

vertical and horizontally slightly inclined to maintain a minimum velocity in the 

downstream direction for fish attraction. Trashracks are foreseen to cover the entire area 

of the power inlet openings.  

The single welded panels of the trashracks are bolted on supporting beams and braced to 

the steel side frame. Each panel consists of horizontal flat steel bars.  

The trashracks will be designed for the head at the inlet of the intake. The design will be 

done to minimize vibration at the trashrack. The main technical data of the trash racks for 

units 1 and 2 are given in Table 15-20. 

Unit 3 

The intake structure has an inclined front with a slope 75⁰. The trash racks cover the area 

of the inlet opening from the sill at El. 250.00 m up to El. 263.60 m.  

The trashrack will be removable, thus cleaning machine is not foreseen. The trash racks 

will be designed for the head at the inlet of the intake. The design, fabrication and 

installation shall be done to avoid vibration. The main technical data of the trash racks 

for the auxiliary units are given in Table 15-20. 

Table 15-20: Technical Data of Trashracks for Auxiliary Units 

Parameter Unit 1 and 2 Unit 3 

FSL 312.00 m asl 312.00 m asl 

Sill level 297.00 m asl 297.00 m asl 

Type Fixed Removable 

Number of inlets 2 2 

Number of opening per inlet 1 1 

Clear height of opening 10.00 m 13.60 m 

Clear width of opening 10.00 m 8.10 m 

Clearance between trash rack bars 20 mm ~50 mm 
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15.5.2 Trashrack Cleaning Machine 

The trashrack cleaning machine (TRCM) is foreseen at the intakes for the auxiliary units 

1 and 2, and shall remove various kinds of debris from the trasracks and ensure that the 

inlet areas are clear.  

The trashracks will be cleaned by a brush type hydraulic TRCM. The hydraulic type 

TRCM can operate in automatic and semi-automatic mode. 

The TRCM mainly consists of the rail system, the supporting movable steel structure 

(gantry), the hydraulic cylinder hoisting unit, a steel brush trash rake, and the control and 

power supply unit.  

Table 15-21: Technical Data of Trashrack Cleaning Machine for Auxiliary Units 

Parameter Unit 1 and 2 

Full Supply Level 312.00 m asl 

Deck level 317.00 m asl 

No. of units 1 

Type Hydraulic brush type 

Brush height 3.0 m 

speed 12 m/min 

 

15.5.3 Intake Maintenance Gates (Stoplogs) 

At the power intakes for the auxiliary powerhouse (units 1, 2 and 3) maintenance gates 

(stoplogs) are foreseen for closure during maintenance works.  

The stoplog and the lifting beam of the auxiliary power intakes will normally be kept in 

its storage rack on the deck of the auxiliary power intake structure. In case of maintenance 

in the powerhouse, the stoplog set will be placed, hindering the water from penetration 

into the power waterway.  

Sliding type stoplogs with skin plate and rubber seals on the downstream side of the 

stoplogs are foreseen. The stoplog set consists of two single stoplogs, one top and one 

bottom. 

The stoplog will only be placed and removed in the slot under balanced head conditions. 

Pressure is equalized by a by-pass valve system inside the top stoplog. The stoplog will 

be operated by a gantry crane and a semi-automatic lifting beam. 
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Table 15-22: Technical Data of Intake Stoplogs (Auxiliary Units) 

Parameter Units 1 and 2 Unit 3 

Full Supply Level 312.00 m asl 312.00 m asl 

Deck level 317.00 m asl 317.00 m asl 

Sill level 288.00 m asl 297.00 m asl 

Type Slide Slide 

Number of gate sets (total) 1 1 

Number of stoplog sections per one 
gate 

2 2 

Clear span 5.00 m 6.00 m 

Clear height 5.00 m 5.00 m 

Sealing Downstream Downstream 

Skin plate side Downstream Downstream 

Operating equipment Lifting beam and 
mobile crane 

Lifting beam and 
mobile crane 

15.5.4 Draft Tube Maintenance Gate 

The gate and the lifting beam of the draft tube gates at the auxiliary powerhouse will 

normally be kept on its dogging device in one of the three draft tube openings of the 

auxiliary draft tube structure. In case of maintenance, the stoplog set will be placed, 

hindering the water from penetration into the powerhouse.  

Table 15-23: Technical Data of Draft Tube Gates (Auxiliary Units) 

Parameter Units 1 to 3 

Tailwater Level 287.00 m asl 

Deck level 317.00 m asl 

Sill level 275.10 m asl 

Type Slide 

Number of gate sets (total) 1 

Clear span 6.90 m 

Clear height 5.00 m 

Sealing Upstream 

Skin plate side Upstream 

Operating equipment Lifting beam and 
mobile crane 
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Sliding type gate with skin plate and rubber seals on the upstream side of the gate are 

recommended.  

The gate will only be placed and removed in the slot under balanced head conditions. 

Pressure is equalized by a by-pass valve system inside the gate. The gate will be operated 

by a mobile crane and a semi-automatic lifting beam. 

15.6 Fish Migration Facilities 

The hydro-mechanical equipment for the fish migration facilities is provided for the 

upstream fish migration system at the Powerhouse, the downstream fish migration system 

and the upstream fish migration system at the navigation Lock. 

15.6.1 Upstream Fish Migration at the Powerhouse 

The following hydro-mechanical equipment is foreseen at the upstream fish migration 

system at the powerhouse: 

Hydro-mechanical equipment at the powerhouse: 

 Screen, fixed, sixteen (16) sets 

 Lower Gates, vertically lifted slide gate, seven (7) set 

 Lower Bulkhead, fixed, seven (7) set 

 Upper Gates, vertically lifted slide gate, seven (7) set 

 Bridge Crane, 15T, 5.5m Span Double Girder Overhead Bridge Crane 

Fish lock equipment at the left pier: 

 Maintenance Gate, vertically lifted wheeled gate, two (2) sets 

 Stoplog, vertically lifted sliding gate, two (2) sets 

 Fish Raising Fine Screens with motorized winch, two (2) sets 

 Gate, vertically lifted sliding gate, two (2) sets 

 Crowder, motorized, two (2) sets 

 Stoplog, vertically lifted sliding gate, two (2) sets 

 Gate, vertically lifted sliding gate, two (2) sets 

 Screen, removable, one (1) sets 

 Stoplog, vertically lifted sliding gate, one (1) sets 

 Embedded Steel Pipe - Looks Filling System, two (2) pcs 

 Embedded Steel Pipe - Looks Empting System, two (2) pcs 

 Look Filling Maintenance Valves, motorized, four (4) sets 

 Look Filling Service Valves, motorized, two (2) sets 

 Look Emptying Maintenance Valves, motorized, two (2) sets 

 Look Emptying Service Valves, motorized, two (2) sets 

 Diffuser Chamber – Screen, fixed, four (4) sets 
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 Diffuser Chamber – Aeration Screen, two (2) sets 

 Feeder - Maintenance Gate, , vertically lifted wheeled gate, one (1) sets 

 Feeder – Stoplog, vertically lifted sliding gate, one (1) sets 

 Feeder - Fine Screen, fixed, one (1) set 

 Screen, fixed, two (2) sets 

 Stoplog, vertically lifted sliding gate, one (1) sets 

 Main Entrance - Maintenance Gate, vertically lifted wheeled gate, two (2) sets 

 Main Entrance – Stoplog, vertically lifted sliding gate, two (2) sets 

Hydro-mechanical equipment at the right pier: 

 Feeding Gallery No.1 & 2 - Service Gate, vertically lifted wheeled gate, one (1) set 

 Feeding Gallery No.3 - Service Gate, vertically lifted wheeled gate, one (1) set 

 Feeding Gallery No.4 - Service Gate, vertically lifted wheeled gate, one (1) set 

 Main Entrance - Gate, vertically lifted wheeled gate, two (2) sets 

 Spillway Entrance – Gate, vertically lifted slide gate, two (2) sets 

 Gravity water supply 

15.6.2 Downstream Fish Migration 

The following hydro-mechanical equipment is foreseen at the downstream fish migration 

system at the powerhouse and right pier: 

Hydro-mechanical equipment at powerhouse: 

 Bulkhead, fixed, 21 sets 

Hydro-mechanical equipment at right pier: 

 Downstream Fish Migration - Exit Chute U/S Stoplog, vertically lifted sliding gate, 

one (1) set 

 Downstream Fish Migration - Flap Gate, one (1) set 

 Downstream Fish Migration - Sluice Gate, one (1) set 

 Downstream Fish Migration - Exit Chute D/S Stoplog, vertically lifted sliding gate, 

one (1) set 

15.6.3 Upstream Fish Migration at the Navigation Lock 

The following hydro-mechanical equipment is foreseen at the upstream fish migration 

system at the Navigation Lock: 
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Equipment for the fish lift at the Navigation Lock: 

 Trash Rack, removable, one (1) set 

 Maintenance Gate, vertically lifted wheeled gate, one (1) set 

 Service Gate, vertically lifted wheeled gate, one (1) set 

 Fish lift, one (1) set 

 Movable Fine Screen one (1) set 

 Fish Bucket one (1) set 

 Fish Crowder one (1) set 

 Chute one (1) set 

 Stoplog two, vertically lifted slide gate, (2) sets 

Intake/Outlet Structure at Navigation Lock: 

 Service Gate, vertically lifted wheeled gate, one (1) set 

 Stoplog, vertically lifted slide gate, (1) set 
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16 TRANSMISSION LINE  

16.1 Assessment of Off-Taker 

16.1.1 General 

It is foreseen to export the generated electricity to neighbouring countries. Due to the 

geographic location of the Luang Prabang HPP, possible off-taker would be Thailand or 

Vietnam. One important consideration is the cost to build transmission facility to the 

nearest interconnection point. The main criteria is the expected length of the transmission 

line, as this determines the costs for the construction as well as the transmission losses. 

16.1.2 Transmission Line to Thailand 

It is clear that Thailand has the advantage of proximity, due to the existing transmission 

line connecting to the Thai grid. Figure 16-1 shows the transmission infrastructure in 

Laos, with a circle highlighting proximity of the interconnection with Thai grid. 

 

 

Figure 16-1: Laos transmission map (Source: EDL) 
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Export to Thailand could be realised following (partly) an existing transmission line route 

to substations in Thailand. The overall length of the transmission line is between 280 and 

350 km, resulting in construction costs in the range between USD 270 to 300 million, and 

transmission line losses of about 3%.  

In principle there are two options for the export of the electricity to existing 500 kV 

substations in Thailand:  

 From LP HPP with a 500 kV double circuit transmission line via Hongsa TPP to the 

500 kV Nan substation, total length of about 280 km 

 From LP HPP with a 500 kV double circuit transmission line via Xayaburi HPP to 

the 500 kV Tha Li substation, total length of about 350 km 

The two Transmission Line options for the electricity export to Thailand are shown in the 

drawing LP-HPP-POY-FS-040-001. 

16.1.3 Transmission Line to Vietnam 

Power export to Vietnam would require construction of a new 500 kV transmission line 

to a Vietnamese substation, which would require to cross a mountain range with rather 

difficult terrain and environmental concerns due to the line route crossing protected 

National Bio Diversity Areas. 

There are three principle options to connect with Laos which follow along existing 

Transmission Line corridors connecting to existing projects or those under development. 

It is noted that these Transmission Lines are 220 kV systems connecting to hydropower 

project in Laos, i.e. 

 Northern Corridor via Nam Ou: This option is with 365 km to the Vietnamese 

border the shortest possible option. On the Vietnamese side the next connection 

would be the existing Hoa Binh 500 kV substation. The distance from Hoa Binh to 

the Lao border, passing the planned 500 kV substation of Son La, is approx. 400 km 

along national road AH13 road 

 Central Corridor via Nam Xam 1 and Nam Xam 3: The estimated Transmission 

Line length to the Vietnamese border at Ban Som is approx. 470 km. On the 

Vietnamese side the nearest existing 500 kV substation is Hoa Binh as in the 

Northern Corridor option. The estimated distance from the border is approx 150 km. 

 Southern Corridor via Nam Mo: The estimated Transmission Line length to the 

Vietnamese border at Ban Som is about 470 km. On the Vietnamese side the nearest 

existing 500 kV substation Hoa Binh. The estimated distance from the Laos border 

is approx. 150 km. 

On the Lao side the route has been estimated by following main road corridors leading to 

the border between Laos and Vietnam. For operational purposes a 500 kV substation is 

foreseen on Lao side between the Luang Prabang HPP and the Vietnamese border.  

While transmission lines do not need to follow road corridors somewhat shorter, more 

direct routes could be possible however it is noted that the terrain between Laos and 

Vietnam is mountainous and difficult to traverse, so the shortest route might not be the 

most economical. 

The three Transmission Line options for the electricity export to Vietnam are shown in 

the drawing LP-HPP-POY-FS-040-002. A summary of the Transmission Line lengths of 

the three corridors is shown in the table below. The length of the transmission line to 
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connect the Luang Prabang HPP to an existing 500 kV substation in Vietnam would be 

more than 600 km, resulting in transmission losses of about 6%.  

Table 16-1: Length of the Transmission Line Options 

Parameter TL in Lao TL in Vietnam Total Length 

Northern Corridor 365 km 400 km 765 km 

Central Corridor 470 km 150 km 620 km 

Southern Corridor 415 km 180 + 70 km 665 km 

16.1.4 Conclusions 

A comparison of potential power export options and possible Transmission Line corridors 

as outlined in the chapters above is summarized in the following table. The Transmission 

Line to Thailand has an overall length of about 300 km, resulting in construction costs of 

about USD 225 million (assumed USD 750,000 per km), and transmission line losses of 

about 3%. On the other hand the transmission line to Vietnam would have an overall 

length of about 620 km, construction costs of about USD 465 million and transmission 

line losses of about 6%.  

Table 16-2: Length of the Transmission Line Options 

Parameter Thailand Vietnam 

Length of Transmission Line 300 km 620 km 

Construction Costs of 
Transmission line 

USD 225 million USD 465 million 

Intermediate Substation N/A USD 72 million 

Transmission losses 3% 6% 

The substantial length of the transmission line to Vietnam would require an additional 

substation somewhere in the middle between the Luang Prabang project and the final 

500kV substation in Vietnam to ensure continuity of the power supply and stability of 

the line. This intermediate substation is contributing to the estimated cost. 

Furthermore the longer a transmission line is the higher the related transmission line 

losses would be. As a rule of thumb 100km of line length equal to about 1% in energy 

losses. Hence not only the length of line is double but so would be the losses during the 

lifetime of the project. 

Additionally it is noted that the transmission line to Vietnam would need to cross 

mountainous, difficult terrain which not only add to construction cost and time but also 

pose a risk for timely completion and would require additional monitoring and 

maintenance efforts during the normal operation. 

Based on this assessment the power export option to Thailand is taken into consideration 

in this Feasibility Study.  

For the export of the generated energy from Luang Prabang HPP to Thailand (EGAT) a 

500 kV double circuit transmission line to a Substation in Thailand (Nan or Tha Li) will 

be required:  
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 500 kV Nan substation via Hongsa TPP, total length of about 280 km 

 500 kV Tha Li substation via Xayaburi HPP, total length of about 350 km 

The connection point will be defined by EGAT. In this Feasibility Study, an allowance 

for the construction costs for this option is made in the cost estimate, and transmission 

line losses of about 3% are taken into consideration in the energy calculations. 

16.2 Network Analysis 

The analysis of the power system has to be carried out by EGAT. The purpose of this 

analysis is to establish an appropriate interconnection system for transmitting the 

electricity from the 1,460 MW Luang Prabang HPP to the EGAT network.  

The power system analysis usually includes steady-state power flow, transient stability 

and short-circuit currents. Basis for the power system analysis are the most recent Thai 

power development plan and the underlying load forecast.  

16.3 Switchyard 

A 500 kV GIS switchgear located in the powerhouse has been selected over an air-

insulated switchyard due to the following reasons: 

 Constraints of suitable space: For the development of an air-insulated switchyard 

a rather flat area of about 50,000 m2 in the vicinity of the project area would be 

required. The project is located in a hilly area, and any available flat areas are either 

populated and/or extensively used for agriculture. On the other side, a compact GIS 

can be incorporated in the powerhouse structure. 

 Operation and Maintenance: Modern GIS switchgear is nearly maintenance free 

for several decades. 

 Cost and economics: The CAPEX for a 500 kV switchgear might be higher 

compared to the equipment costs for an air-insulated switchyard; however, due to the 

requirements for a large and flat area, the price advantages of the air-insulated 

switchgear is considered more than out compensated compared to the compact and 

maintenance free GIS switchgear. 

16.4 Line Route 

The proposed route of the 500 kV double circuit line starts at the GIS inside the 

Powerhouse at the Luang Prabang HPP and leads to the 500 kV Substation in Thailand. 

The distance from the Luang Prabang HPP towards the Thai/Lao border is about 250 to 

300 km.  

Taking into account transmission line losses of about 3% and own consumption of about 

1% the maximum capacity at the Thai border is not more than 1,400 MW.  
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17 IMPLEMENTATION SCHEDULE AND CONSTRUCTION PLANNING 

17.1 Introduction 

A project implementation schedule has been prepared to establish the timeline for the 

implementation of the Luang Prabang HPP. The implementation of the Luang Prabang 

HPP starting from preparation of the Tender Documents to commissioning of the run-of-

river plant can be briefly divided into the following main phases: 

 Pre-award activities  

 Construction and commissioning 

The pre-award activities cover all activities until financial close, e.g. preparation of the 

tender documents, tendering and procurement, permitting process, financial set-up, 

preparation of Power Purchase Agreements.  

The construction activities start with the Notice to Proceed (NTP), and end with the 

commissioning and take-over of the project. 

The actual schedule indicates that the first unit of the run-of-river plant will be ready for 

commercial operation 72 months from the decision to commence construction of the 

project (financial close); the full capacity will be available within 84 months. Figure 17-1 

shows the overall project development schedule. 

 

Figure 17-1: Overall Project Development Schedule  

17.2 Pre-award Activities 

The implementation schedule lists design and tender activities which need to occur before 

the main project “notice to proceed” is confirmed. In particular the following activities 

shall be carried out (see Figure 17-2): 

 Pre-qualification of contractors and suppliers 

 Preparation of Outline Design and Bidding Documents 

 EPC Bidding Phase 

 Bid evaluation and clarification 

 Contract negotiations 
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The overall time required for these activities is estimated to 12 months.  

In parallel to tendering, the permitting process (including land acquisition, ESIA, 

PNPCA, etc.) has to be completed and the financing of the project has to be set-up, and 

the Power Purchase Agreement (PPA) negotiated.  

At this stage the time required to secure the needed permits for the construction of the 

project is difficult to assess, as this process depends on many external factors which can 

hardly be influenced. However, the anticipated time required for the permitting process 

is estimated to one year.   

 

 

Figure 17-2: Schedule of the Pre-Award Activities 

 

17.3 Construction Schedule 

This sub-chapter describes the main construction activities and assumptions made which 

form the basis for the construction schedule. An overview of the overall construction 

activities is shown in Figure 17-3, the detailed construction schedule id presented in the 

drawings LP-HPP-POY-FS-300-001 and 002.  
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Figure 17-3: Overall Construction Schedule 

 

17.3.1 Production Rates 

The production rates assumed for the estimation of the construction time required for the 

main civil works activities is shown in Table 17-1. 

The assumed construction rates are based on experience from similar projects, taking into 

account the expected geological conditions on the site and with the assumption that the 

works be carried out by an experienced (international) contractor. 

In addition to the duration estimated for the construction of the permanent works, an 

allowance for mobilisation/ demobilisation needs to be considered. 

Table 17-1:  Production Rates for Main Activities 

Activity Rate Unit Comment 

Access Roads    

Upgrade of existing roads 100 m/d  

New access roads 50 m/d  

River Diversion     

Excavation 5,000 m3/d  

Cofferdam placement 5,000 m3/d  

Concrete placement 2,000 m3/d  

Permanent Structures    

Excavation  35,000 m3/d  

Concrete works 6,000 m3/d  

Installation equipment and 
commissioning 

300 d/unit  

Closing Structure    

Pre-Cofferdam construction 2 months  

RCC placement  0.30 m/d  
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17.3.1.1 Civil Works 

River Diversion 

To enable the construction of the Luang Prabang HPP, the Mekong River will need to be 

diverted. Two distinct river diversion stages are foreseen to allow construction to take 

place across the entire width of the river. 

During the first stage River Diversion, the Left Pier will be constructed as it will be used 

as a diversion wall. The upstream and downstream cofferdams will be constructed from 

the right river bank to connect with the diversion wall at its upstream and downstream 

ends, thus enabling the dewatering and flood protection of the construction pit required 

for the construction of the Powerhouse, Spillway and Navigation Lock. 

Once these structures have been substantially completed, the Mekong River will be 

diverted from its original course through the Low Level Outlets of the Spillway. In a first 

step the cofferdams will be removed, and the original river course will be closed by new 

cofferdams (from the left bank towards the diversion wall), allowing the construction of 

the closure structure, a RCC concrete gravity dam from the left bank to the left pier. 

The implementation of the diversion sequences can only be carried out when the river 

discharge are low and thus need to be scheduled during the dry seasons. This imposes 

considerable constraints on the construction schedule and inevitably results in the river 

diversion measures being on the critical path of the Luang Prabang HPP. Therefore, the 

diversion wall and the upstream and downstream cofferdams of the first stage have to be 

available during the first dry season (from November to July) in order to have the river 

diverted prior to the onset of the Monsoon season, during which the powerhouse 

excavation shall take place within the confinements of the cofferdams and diversion wall.  

Powerhouse 

The powerhouse is a complex structure requiring large scale excavation and the 

placement of considerable quantities of concrete. Furthermore, the installation and 

commissioning of the electro-mechanical equipment is most time consuming. The 

powerhouse construction; therefore, constitutes a part of the critical path and comprises 

of the following activities: 

 Excavation and foundation treatment; 

 Placement of first stage concrete; 

 Sequential installation of embedded parts and placement of second stage concrete for 

each of the generating units; 

 Installation and commissioning of Balance of Plant and all auxiliary systems; 

 Sequential installation and commissioning of the turbo-generating units. 

Spillway 

The spillway is constructed during the Stage I diversion but since its construction is less 

time consuming compared to the Powerhouse, it will not lie on the critical path of the 

project. Spillway construction activities can therefore be back scheduled from the 

initiation of Stage II diversion. As a result, the excavation and concrete works of the 

spillway and powerhouse are staggered, allowing for the optimum utilisation of 

construction equipment and batching plants.  
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The low level outlet must be fully completed at the initiation of Stage II diversion, since 

these devices will be used to pass the river discharge during Stage II diversion. 

Installation of the radial gates of the surface spillways is however less critical, but has to 

be substantially completed when impounding for commissioning purposes is to be 

commenced.  

Navigation Lock 

The main activities for the construction of the Navigation Lock are the excavation work 

(for the lock chambers as well as the approach channels), the concrete placement and the 

installation of the hydro-mechanical equipment. The Navigation Lock is not on the 

critical path and can be scheduled to take place outside of peak production periods of the 

Powerhouse and Spillway. 

Fish Migration Facilities – Right Pier and Left Pier 

The structures required for the fish migration system will be constructed in parallel with 

the powerhouse. These works are not on the critical path. 

Stage II Diversion and Closing Structure 

Once the Navigation Lock and Powerhouse have been substantially completed and the 

Low Level Outlets of the Spillway are ready to pass water, the Stage II Diversion will 

take place as described before. A RCC concrete gravity dam is foreseen as the permanent 

closing structure between the Left Pier and left abutment / bank of the Mekong River.  

17.3.1.2 Hydro-Mechanical Works 

Hydro-mechanical Works are required for the following structures: 

 Powerhouse: Trashrack, trashrack cleaning machine, inlet gates, draft tube gates, 

stoplogs 

 Spillway: Radial gates, stop-logs 

 Navigation Lock: Miter gates, gates for feeding system 

 Fish Migration Facilities: Various smaller gates and screens for the entire system 

The manufacturing of the hydro-mechanical equipment can be done on site (as soon as 

the workshop is commenced) or off-site. The installation of the embedded parts will be 

done as soon as the first stage concrete structures are ready. Installation of the equipment 

is planned to be done as soon as the progress of the civil works allow installation 

(completion of first and second stage concrete, access to structure).  

17.3.1.3 Generating Equipment 

The installation and commissioning of the electro-mechanical equipment is, as a 

component of the powerhouse, on the critical path of the project. 

The installations starts with the embedded parts (draft tube liner, stay ring, discharge ring, 

etc.), which will be installed and encased in second stage concrete in parallel with the 

main civil works for the powerhouse. The installation of the main equipment per unit can 

start as soon as the civil works for a unit block are completed; assembly of the moving 

parts (turbine runner, rotor) can start earlier. The installation and commissioning of 

generating equipment will follow staggered, with the supplier focusing on approx. two 

units at each time. 
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Installation of balance of plant (electrical and mechanical) is done according to the 

progress of the civil works and has to be completed in time for the commissioning of the 

main generating equipment. 

17.3.2 Critical Path 

Based on the construction schedule the critical path for the construction activities has 

been identified to be the following main items: 

 Care of River (river diversion, cofferdam construction) 

 Excavation of the powerhouse 

 Concrete works at the powerhouse 

 Installation of the electro-mechanical equipment in the powerhouse 

 Commissioning of the units. 

The other main activities, i.e. the construction of the spillway structure, construction of 

the Navigation Lock or the construction of the Closing Structure are not on the critical 

path. However, the start of these works should commence early enough in order to have 

sufficient float in case of any problems/delays during construction. 
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18 RISK ANALYSIS 

18.1 Introduction and Methodology  

This chapter documents the risk identification and assessment study conducted to 

understand the risk profile for the Luang Prabang HPP Project, and to develop suitable 

mitigation strategies. Pöyry performs risk assessment and mitigation as an integral part 

of the development of a project, which ensures that risks are considered and mitigated 

from the initial stages and throughout the entire project life cycle. The approach generally 

consists of the following steps: 

 Identification of risks and their root causes based on preliminary layouts and / or 

conceptual design and site specific factors. 

 Design based on design criteria specified for risk mitigation. 

 Economic and financial analysis of the project under the consideration of 

contingencies as well as sensitivity analysis for costs and revenue. 

 Evaluation of (residual) risks, to be either: 

 Transferred to a stakeholder. 

 Covered by insurances. 

 Accepted by the developer. 

This Chapter begins with a general discussion for risks associated with hydropower 

projects and the respective mitigation measures available. A methodology for the 

quantification of residual risks is presented. The risk assessment prepared for the Luang 

Prabang HPP project is documented as a specific risk register. The chapter concludes 

with a summary of this risk assessment. 

18.2 Main Risks for Hydropower Projects 

The key objectives of the development of a hydropower project is to develop the project 

within a reasonable time, to construct the project in time and within the budget, and to 

generate revenues during the operation phase sufficient to service all loan demands and 

to meet the forecasted profitability. In general, all aspects that have the potential to 

negatively impact these objectives are perceived as a risk. Many of the typical risks of 

hydropower development projects exist due to the nature of such projects which can be 

characterized as follows:  

 Each project is a “prototype” which has to be designed against a set of site specific 

characteristics and challenges.  

 Hydropower projects are often developed in remote areas, usually exposed to natural 

hazards (floods, seismicity, landslides, etc.), with limited/difficult access to the 

project area.  

 Contain a high proportion of underground and foundation work, which increases 

variability in regards to both construction cost and progress. 

 Project revenue depends on water availability (hydrological risk) which has to be 

carefully assessed and is subject to natural fluctuations. 
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The risks are treated separately as Construction and Completion Risks for risk exposure 

prior to commercial operation and Commercial Operation Risks for the operation phase. 

Each of these risk categories will be detailed in the following sub chapters. 

18.2.1 Construction & Completion Risks 

Geological and Subsoil Risks 

One major risks during the construction of a hydropower project is linked to uncertainties 

in the actual geological conditions which will be encountered during construction. The 

local geology plays an important factor in the design and construction of large structures 

(slope stability, foundation conditions, rock / slope support requirements, etc.) which can 

have a major influence on the construction time and the final costs.  

Due to the remoteness of a typical hydropower site and the quantities of concrete 

aggregates and fill materials required for construction, these materials are usually sourced 

locally. The insufficient availability of construction materials in the required quality 

is thus perceived as a risk to be mitigated. 

Structures of a hydropower project are often constructed in difficult terrain with a 

considerable excavation being required to reach the foundation level. Therefore such 

construction sites are often exposed to rockfall from steep slopes above.  

Natural Hazards 

Natural hazards have to be addressed adequately in the design in order to have the project 

constructed under a carefully determined residual risk.  

The risk of flooding of construction sites is considered through the definition of a design 

flood for the construction period. The return period of a construction flood has to be 

defined based on the duration of construction (i.e. exposure) as well the consequences of 

the inflow exceeding these flood figures.  

Both the access roads to a hydropower site as well as the project structures themselves 

often have to be located in a difficult terrain. Landslides constitute a risk that need needs 

to be evaluated, both in terms of loss of access and damage to structures and safety of 

personnel. 

If adverse weather conditions, such as typhoons, are common in the project area then 

suitable measures must be taken. Unexpected climate conditions during construction 

impacting the construction activities might lead to delays. The contractor has to be aware 

of the climate conditions at site (rainfall and pattern, wet/dry season, temperature, etc.).  

Design Risks 

Design risks in the Construction and Completion Phase are related to design changes 

which can lead to additional costs and delays in execution. Design changes are typically 

either result from design flaws or engineering errors in design prepared prior to 

construction or may be requested by stakeholders (e.g. authorities, Owner, etc.). 

Inadequate design basis (e.g. topographic maps, bathymetric surveys, etc.) might lead 

to an increase of quantities (e.g. excavation, concrete volume) coupled with additional 

costs and/or time increase.  

The design interface of civil detailed design with equipment supplier’s design has to be 

managed if design changes are to be avoided. All relevant information from the suppliers 
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has to be incorporated into the civil design, and installation requirements (transport and 

handling of large and heavy equipment) have to be taken into account.  

Construction Methods  

Hydropower project often involve increasingly challenging conditions and construction 

methods. In case the construction time and cost of a specific structure greatly depends on 

external factors, such as the actual geological conditions or the experience of a specialised 

contractor, has to be taken into account by selecting a qualified contractor.  

Construction management 

One main risk during the construction phase considers the construction management 

itself, which could result in additional costs, delays and quality issues. Possible causes 

can be found in inadequate/ poor management procedures, slow decision making, 

incompetence, etc.  

Scheduling risks are risks related to shortcomings in the scheduling of the works, 

resulting in delays (in completion), like prioritisation of activities not on the critical path, 

unrealistic assumptions, dependencies between tasks, etc.  

The availability and supply chain management of construction materials, both 

externally sourced and produced on site, has to be carefully managed in order to prevent 

delays. 

The quality of work as well as the achieved production rates greatly depend on the 

contractors experience and competence. It is thus a crucial that suitably qualified 

contractors be chosen for all critical aspects of a hydropower project.  

Insufficient execution quality results in delays due to rework, but may also result in  

decreased life time, higher O&M costs and increased forced outages of the scheme. 

Interface risks during construction cover risks related to interfacing between the 

contractor and it’s sub-contractors as well as with other contractors and suppliers working 

in parallel and in-hands on site. Such interfaces need to be carefully planned and 

coordinated between the contractor and his sub-contractors, e.g. milestones for hand-over 

of a structure, check of access requirements, need for hoisting requirements, etc.  

Variations in construction costs compared to initial contract prices are a common 

occurrence in large scale construction projects and are mainly caused by risks related 

with the design, quantity, pricing, weather, price escalation, currency and geology. These 

risks are usually covered by contingency provisions in the financing agreements.  

Claims in monetary and timely terms are common in construction projects. A strong 

contract and claim management within the developer’s organisation is essential.  

Other risks related to statutory requirements, insolvency of sub-contractors, etc. are 

usually covered by contingency provisions in the construction budget.  

Transport risks 

Damages on equipment during the transport to the site (e.g. accident) might impact the 

completion and the start of Commercial Operation Date. This risk is typically covered by 

an insurance, the indemnity period for the DSU (Delayed Start-Up) cover should cover 

the longest replacement time of a single part (typically generator or transformer).  
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Health, Safety and Environment (HSE)  

Health and safety is a major issue in any construction project. It is common that the 

contractor and its sub-contractors have to implement and to follow national standards.  

Environmental risk during construction phase is related to pollution of water (working 

in river, waste water treatment, etc.), soil (waste disposal, muck spoiling, oil storage and 

handling at workshops, etc.) and air (noise, dust), and their consequences. An adequate 

environmental management plan has to be established and followed by the contractors.  

18.2.2 Risks during Commercial Operation 

18.2.2.1 Hydrological Risks 

Hydrological risks during the operational phase of a hydropower scheme can be 

summarized as: 

 Variation in inflow, especially lower energy production in drought periods. The 

impact can be in a lower than average production (revenues) for a sequence of several 

(consecutive) drought hydrological years, or shortfall in production (e.g. reservoir 

level below minimum level, inflow below the operating range of generating 

equipment). 

 Sustained production deficits due to incorrect assessment of “average” hydrology, 

or subsequent changes in the hydrological regime. 

The hydrological inflow series are based on representative long-term hydrological and 

meteorological data. Variations in the flow regime and their impact on the energy 

generation simulation is quantified and considered in the economic/financial evaluation 

(sensitivity analysis).  

18.2.2.2 Natural Hazards 

Natural hazards are rare events with a rather high impact, and have to be addressed 

adequately in the design criteria for a hydropower project being able to withstand such 

events. The natural hazards are site specific, and are related to the nature of the project 

site in remote areas and in difficult terrain. 

Floods and flood water levels of rivers and reservoirs constitute a key natural hazard for 

every hydropower project, which inherently rely on the proximity to such features for its 

operation. The headworks of a hydropower scheme are exposed to flooding of the river 

and have to be designed to safely pass a certain design flood, whose return period must 

be carefully selected based on the size of the structure and the impact of failure. Another 

risk during floods is potential clogging of spillway openings by floating debris, which 

could result in additional damage or malfunction of spillway facilities.  

Other structures located in the proximity to water (e.g. the powerhouse) must also be 

designed to be safe from flooding up to a certain design flood water level.  

Earthquakes events comprise one of the key design aspects for hydropower plants.  

The Project must be able to withstand adverse weather conditions, such as typhoons, 

wind loads on certain structures (e.g. operator buildings, surge tanks, etc.) need to be 

taken into account.  
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Hydropower projects are often located in difficult terrain and the construction of certain 

structures often requires a considerable excavation. Therefore it is not uncommon for 

structures to be exposed to rockfall.  

Landslides, e.g. triggered by heavy rain or earthquakes, can lead to blockage of main 

access roads to the weir site and/or powerhouse site. Further, landslides could impact the 

transmission line (e.g. impacting a TL tower), which would result in operation losses until 

the damages will be repaired. Landslides into reservoir  

18.2.2.3 Design Risks 

Design risks are related to design faults, which might result in additional costs during 

commercial operation, decrease of overall efficiencies and availability of the plant. 

Inadequate design basis (e.g. topographic maps, bathymetric surveys, etc.) bear the 

risk that the available head is smaller than anticipated, resulting in reduced power output 

and revenue streams.  

The Hydraulic Concept and Design is essential for the reliable operation of a 

hydropower plant. Common problems are often related to vortexes at the intakes (air 

intrusion) which may result in the full capacity of the scheme not being achieved. 

Sediment entrainment to the waterways is also a risk requiring consideration since it can 

harm the turbines, leading to significantly reduced lifetime of the turbine runner, 

decreased efficiencies and higher O&M costs. 

18.2.2.4 Technical and Performance Risks 

Technical risks are risk related to the performance and reliability of the main equipment 

during the operation of the scheme.  

The quality of the main equipment (TG-unit, control system, etc.) is essential for the 

efficiency and availability of the equipment over the lifetime of the plant.  

Flooding of the powerhouse might either be caused by external factors (floods) or due 

to failure of mechanical equipment inside the powerhouse.  

In general failure of main equipment and structures will cause additional costs for 

repair and losses in energy production.  

Human error resulting in inefficiencies, production losses, forced outages, damages, etc. 

can be minimised by trained staff, high degree on automatization, etc.  

18.2.2.5 Fire 

Fire in the powerhouse, control buildings and at certain equipment might result in severe 

damages and might impact the health and safety of the O&M staff. Besides poor 

housekeeping as a general source, fire could be initiated by the following (electrical) 

equipment:  

 Transformer fire caused by internal fault; 

 Generators: possible causes could be internal fault or poor maintenance; 

 Cables: Short circuits, contamination and poor housekeeping; 

 Oil storage: Operator error, poor housekeeping; 

 Diesel Gen Set: Poor housekeeping. 
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18.2.2.6 Environmental, Health and Safety (EHS)  

Accidents, e.g. falling from heights and working close to water is a risk during O&M 

phase. These risks needs to be addressed in the design (e.g. handrails, safety devices for 

working at heights, etc.). 

Fire in buildings (mainly the powerhouse) could harm health of people in this area.  

The environmental risks during the O&M phase are related to pollution of water, soil 

and air.  

18.2.2.7 Commercial Risks 

The main commercial risks are related to uncertainties in the future development of 

electricity prices (for energy and/or ancillary services) and other expenses during the 

operational phase (O&M costs, wheeling charges).  

18.2.3 Other Risks (Not Covered in this Risk Assessment) 

Political Risk 

Political risks are risks related with the legislation (legislation changes) in the host 

country of the project, and can include: 

 Failure of host country to meet its obligations, e.g. failure to provide the Site 

 No compensation for adverse changes in legislation 

 Sequestration of the project assets 

Political risks are usually insurable under guarantees (e.g. provided by Multinational 

Development Banks like World Bank, Asian Development Bank, etc.). 

Commercial Risks 

Beside the commercial risks already discussed and considered earlier (e.g. development 

of energy prices), the anticipated revenue stream can be negatively impacted by further 

commercial/ legal risks, which are partially insurable. Such commercial risks are for 

instance: 

 Liquidity of the off-taker (default in respect of his payment obligations); 

 Lack of market for the provided energy or auxiliary services; 

 Other negative impact on the generation of revenues (e.g. unforeseen business 

interruption, enforced changes in tariff system).  

Social/ Environmental Risks 

Another risk in hydropower projects (especially dam and reservoir projects) is that the 

project may be delayed or stopped due to environmental or social reasons. Such risks are 

existent and materialise quite often, especially at projects with a significant ecological 

impact, projects located in ecologically sensitive areas or in projects requiring 

considerable resettlements / expropriations. Such risks are not insurable, but require an 

early involvement of all affected parties, including NGO’s, local authorities and 

communities.  

Violence like terrorism, civil unrest, sabotage, vandalism are considered as force majeure 

and are usually covered by an insurance.  
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18.3 Risk Mitigation  

A general rule in risk management states that risk should be borne by the party best able 

to control or manage it. In practice many risks are outside of the control of any of the 

parties involved, and in some cases such an approach might not always be in the best 

interest of the project. For instance, it is questionable if the geological risk is best 

controlled by an EPC contractor, which primary concern will be to complete the 

construction works within foreseen time (minimum delays) and with minimum costs.  

However, in the following several principal measures to control and manage risks are 

listed and discussed.  

18.4 Tendering and Execution 

Several of the Construction & Completion Risks identified and discussed can be 

mitigated in terms of a proper preparation of the project prior to tendering and execution. 

Geological and Subsoil Risks can be reduced by performing geological site 

investigations which provide an improved understanding of the sub-soil conditions and 

availability of construction materials.  

Design Risks can be mitigated by appointing a competent designer in the beginning of 

the project which shall prepare a robust conceptual design which has been tailored to the 

local conditions, mitigating identified risks. The design shall be properly interfaced and 

allow for flexibility in terms of accommodation of generating equipment from a large 

range of suppliers into the civil design. Such a designer shall also be capable of 

establishing a proper design base for the project through specification and supervision of 

site investigations. 

Construction Management risks can be mitigated by adopting a diligently prepared 

tender process which shall have the aim of selecting a qualified and economically sound 

contractor required to provide sufficient references and demonstrate he has fully 

understood the scope and extent of work to be contracted. Sufficient float shall be 

foreseen for the critical path of the outline construction schedule. In case of a lot split, 

combined and detailed master schedule for all contractors involved in the project is 

required, and a close follow-up of progress and milestones against the master schedule is 

essential. 

By ensuring that Claim Management is handled competently within the client’s 

organization during execution several risks regarding contractor claims, quality, 

achievement of deadlines as well as the collection of liquidated damages can be managed. 

Health, Safety and Environment risks are best treated with the inclusion of such 

specifications and the provision for the enforcement in the contract documents.  

Most of these tasks are preferably allocated to a competent Site Supervision acting on 

behalf of the developer. 

18.4.1 Design and Design Criteria  

Several of the main risks, such as in relation to Natural Hazards or Technical and 

Performance Risks, to a constructed hydropower project can be mitigated by addressing 

them adequately in the design of the scheme, usually covered by national and 

international guidelines and standards commonly used in the hydropower industry, e.g. 

ICOLD, USACE.  
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The criteria to be used to address the particular issues (e.g. design floods, seismicity, 

freeboard requirements, main load cases) are usually summarised in the project design 

criteria. Other risks can be mitigated with design measures, such as the selection of 

alignment of access roads and layouts for temporary works in relation to exposure to 

natural hazards. 

It is furthermore of importance that the project has been adequately designed before it is 

tendered. The required design level depends on the contract model to be applied for 

execution, with more preparation being required for re-measurement contracts and 

projects executed in several lots than for execution by a single EPC contractor. 

18.4.2 Contingency Provision / Sensitivity Analysis 

Contingency provisions in the overall project budget are needed to cover certain risks 

related to construction costs. The contingency provisions are not dedicated to particular 

risks, but should provide a reserve for a group of risks, which are very likely to materialize 

during the construction phase (e.g. variations in quantity, price increase, foreign exchange 

risks, weather, natural hazards, design changes, etc.).  

Hydrological Risks are treated with a sensitivity analysis. The impact of the overall water 

availability on the profitability is determined by considering both high and low scenarios 

for inflow. The inflow variability is considered by analysing shuffling the inflow series 

by one year until all years have been the initial year of the series and analysing the impact 

on the cash flow.  

18.4.3 Insurance  

It is common practice to have an adequate General and Product Liability Insurances 

Contract in place covering general and public liability risks during construction and 

operation of the project.  

Operational insurance usually covers: 

 All risks insurance on the fixed assets, including machinery breakdown 

 Business interruption insurance following all risks 

 Third party liability insurance 

Construction Phase insurance covers 

 Marine cargo/transit insurance 

 Construction all-risks insurance 

 Delay in start-up insurance (following marine cargo and construction all-risk) 

 Third party liability insurance 

18.4.4 Transfer of Risks 

Several risks, especially construction risks, can be transferred (e.g. to an EPC contractor), 

such as: 

 Performance risks are transferred to equipment supplier. 

 General construction risks (design risks, construction price, completion date, etc.) are 

typically transferred to the EPC Contractor (underground risks are often taken by the 

Owner).  
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 Power Purchase Agreements covering the risks of fluctuations in future energy 

prices.  

18.4.5 Acceptance 

Some risks related with the project will need to be taken by the Owner. Available tools 

to assess the impact of these risks and measures to manage these risks are: 

 Detailed studies quantifying certain risks (e.g. climate change, energy price 

forecasts), the results to be used as input for sensitivity analyses.  

 Sensitivity analysis to assesses the impact of the risks (if materialize) on the 

economic and financial viability of the project. 

 Training of O&M staff.  

 O&M procedures for normal and extreme conditions, covering risks related to 

housekeeping (regular O&M works), flood events (spillway operations), dam safety 

(inspections), etc.  

 Monitoring system for early detection of irregularities (e.g. dam instrumentation). 

 Automatisation of critical components (e.g. spillway gates), reducing the risks of 

human failure.  

 Spare parts for critical components in order to reduce the replacement time (e.g. spare 

transformer, transmission line tower, etc.). 

18.5 Risk Assessment 

In this section a risk assessment is elaborated for the residual risks under the assumption 

that all mitigation measures discussed in this chapters will be adopted.  

18.5.1 Evaluation Criteria for Residual Risks 

In the first step of risk evaluation, the risks are categorised into a risk category and a 

consequences category. The following consequences have been identified and are used 

for the evaluation: 

 Costs and loss of production 

 Environment 

 Health and safety 

Impacts on time for instance, delays in completion of the scheme, and loss of production 

are considered in the cost category. 

Score matrices have been defined for each consequence category to quantify the risks 

(consequences). 

The score matrix for financial impacts is shown in  

 

 

 

Table 18-1. The scores are either based on financial losses (monetary), or expressed in 

loss of production. 
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Table 18-1: Score matrix for cost and outage impacts 

Score Financial Loss Delay in COD / Forced Outage 

0 no cost impact No impact on production 

1 < 1.5 M USD < 1 day 

2 up to 10 M USD up to 1 week 

3 up to 40 M USD up to 1 month 

4 up to 120 M USD up to 3 months 

5 up to 250 M USD up to 6 months 

6 > 250 M USD > 6 months 

Environmental impacts are scored in the following Table 18-2. It covers environmental 

impacts ranging from “no adverse effects” to catastrophic impacts (permanent damage of 

large areas). The guidance used is the time and/or resources to reverse the impact. 

Table 18-2: Score matrix for environmental impacts 

Score Environmental Impact Guidance 

0 No impact   

1 Negligible impact No adverse effects (self-healing) 

2 Minor impact Can be resolved by own resources 

3 Moderate impact Reversible, external support required 

4 Substantial impact Reversible in 1 year 

5 Severe impact Reversible in 10 years 

6 Catastrophic impact Permanent damage of large areas 

 

The scores prepared for the evaluation of impacts on health and safety range from 

negligible accidents to catastrophic accidents, the guidance used range from “no relevant 

loss of time” to “fatalities”; the score matrix is shown in Table 18-3. 

Table 18-3: Score matrix for health and safety impacts 

Score Health and Safety Impact Guidance 

0 No accident   

1 Negligible accident No relevant loss of time 

2 Minor accident Injury, up to 5 days lost 

3 Moderate accident Reportable, absence up to 1 month 

4 Substantial accident Long term absence > 1 months 
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5 Severe accident 1 fatality 

6 Catastrophic accident More than 1 fatality 

 

The likelihood of occurrence of the risks is evaluated based on a score card (see 

Table 18-4). As a guidance, design events used for the design of hydropower plants have 

been used (e.g. seismic events, floods). Very unlikely events are defined with a return 

period of < 10,000 years (e.g. safety check floods for large dams), and the return periods 

for likely events are defined in a range between 1:10 to 1:50 years (e.g. used for design 

flood for temporary river diversion).  

Table 18-4: Score matrix describing the likelihood of occurrence 

Score Likelihood  Guidance 

0     

1 < 1:10,000 y very unlikely (e.g. safety check floods) 

2 1:10,000 y to 1:500 y unlikely (OBE earthquake) 

3 1:500 y to 1:100 y moderate (design flood spillway) 

4 1:100 y to 1:50 y probable 

5 1:50 y to 1:10 y likely (river diversion flood) 

6 > 1:10 y most likely 

 

The risk score is defined as the product of consequence and likelihood. The score for 

consequences are between 1 (no relevant consequences) and 6 (strongest impact), and the 

likelihood is between 1 (very unlikely) and 6 (most likely), the risk score is between 1 

(very low risk) and 36 (very high risks) (see Figure 18-1).  

 

 

Figure 18-1: Risk scores and definition of risk levels 

 

The risk levels have been defined in a way that the combination of a substantial 

consequence (score 4) and a probable event (score 4) is labelled as a high risk (16). On 

the other hand, a combination of a minor/moderate consequence (score 2/3) and a 

6 6 12 18 24 30 36
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moderate/minor likelihood (score 3/2) is still seen as a minor risk. The risk levels are 

defined as shown in Table 18-5. 
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Table 18-5:  Overview of risk scores and risk levels 

Risk Score Color Code Risk Level 

1-6  Low Level Risk 

7-15  Medium Level Risk 

16-36  High Level Risk 

18.5.2 Results of the Risk Assessment 

A risk register has been elaborated for the project for the Construction Phase and the 

Operation Phase. The typical risks for such a hydropower scheme are adequately 

addressed in the design and design criteria of the project, taking into account national and 

international standards and guidelines. Such risks cover natural hazards like earthquake, 

floods, typhoon events and landslides, as well as other aspects related to health and safety 

(e.g. fire-fighting, emergency exits, hydraulic safety concept of the powerhouse). Several 

further risks can be mitigated by the selection of a competent designer, both for the 

preparation of the project for tendering, as well as to act on the developers’ behalf during 

execution. 

Risks Assessment for Construction Phase 

In general the main risks are related to geology and the required works in the river course 

(geological risks, hydrological risks and HSE risks). Therefore geological site 

investigations will be performed prior to tendering of the construction works in order to 

assess the geological conditions; contingency provisions have to be considered in the 

construction budget. Even though the project is considered financially viable these 

allowances, considerable residual risk remains which has to be mitigated in the further 

preparation of the project for tendering as well as during construction.  

The temporary works – the cofferdams and diversion wall - needs to be designed for a 

return period taking into account the rather long construction time of 6 to 7 years (e.g. 

return period of 100 years).  

The selection of qualified and reputable contractors constitutes an important risk 

mitigation measure for various risks identified for the construction phase (also impacting 

the operation phases, when resulting in poor quality of the works or deficiencies in the 

overall plant performance and reliability).  

Other residual risks are identified in the field of construction management related to 

scheduling, contractor’s qualifications, cost overruns and claims. Competent and 

professional site supervision and claim management on the Client side constitute an 

effective mitigation measure against such risks. 

Risks Assessment for Operation Phase 

The main risks identified at this stage are related to the hydrological inflow risk.  

The hydrological risk of the inflows needs to be addressed in a throughout hydrological 

study. While a long series of flow data for the Mekong Mainstream River is available, 

one of the uncertainties are the operational impact of the upstream Lancang Cascade, 

which should be taken into account in the hydrological inflow analysis based on actual 

flow data (transformation of flow conditions during dry season).  
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Shortfalls in production due to unusual high forced outages caused for instance by poor 

maintenance or poor housekeeping has to be adequately addressed in O&M procedures 

and training of the staff. 

Certain political and commercial risks have not been assessed as such risks are typically 

not addressed in a feasibility study.  

18.6 Conclusions and Recommendations 

A risk assessment has been carried out for the Luang Prabang HPP Project covering the 

main risks during construction and operation of the scheme. The identified risks have 

been assessed and adequate measures to control and manage these risks have been 

determined and proposed in the attached risk register.  

Overall the risk assessment and the taken control and management measures result in an 

acceptable risk profile for the Luang Prabang HPP Project. It is evident that the Owner 

needs to continue this process with the development of an appropriate mitigation strategy 

and re-assessment of the residual risks during the next project phases. 

To enhance the success of the project further, risk reviews and workshops should be 

conducted on a frequent basis, involving a multidisciplinary sub-set of the project team, 

chaired by the Client’s project manager who is able to make decisions on the disposition 

of risks and their control and management activities. 
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19 COMPLIANCE WITH MRC DESIGN GUIDANCE 

19.1 Design Guidance for Dam Design in Lower Mekong Mainstream  

Mekong River Commission recommends a Design Guidance for Dam Design in the 

Lower Mekong Basin. This Guidance is available as official version since 2009. A 

revised version, taking into account the recent developments along the Mekong and 

during the past PNPCA process, is available as draft version since 2018 from MRC’s 

website and provides an overview of the issues the MRC will be considering during the 

prior consultation process. 

The MRC Design Guidance provide guidance in the following areas: 

1. Hydrology and Hydraulics;  

2. Sediment Management and River Morphology; 

3. Water Quality and Aquatic Ecology;  

4. Fish Passage Design and Operation; 

5. Safety of Dams;  

6. Navigation Lock Design and Operations; and 

7. Riparian communities and river-based livelihoods.  

The Guidance outline “performance standards” rather than prescriptive designs, so 

developers can innovate and propose alternative mitigation and operational measures to 

meet the stated objectives. They are built on experiences and knowledge within the 

Mekong basin and internationally good practice standards.   

Therefore the Feasibility Design was elaborated in a way to be in compliance with the 

MRC Design Guidance.  

The section summarises the compliance of the Feasibility Study with the MRC Design 

Guidance (draft version, June 2018). 

19.2 Hydrology and Hydraulics 

With regard to hydrological and hydraulics issues, the following objectives were raised 

by the MRC Guidance (see Chapter 2 of the MRC Design Guidance): 

 Have a detailed understanding of the hydrological resource availability and 

reliability, while taking into account present and potential future trends (such as 

climate change).  

 Support mitigation measures and cascade or project operating rules dependent on 

hydrology and hydraulics by sound hydrological and hydraulic assessments 

Since Luang Prabang HPP constitutes of a pure run-of-river scheme without storage 

capacities, no significant changes in flows further downstream are to be expected.  

In general a state-of-the-art hydrology assessment is provided considering the cumulative 

hydrological impacts due to multiple hydropower developments, and in particular from 

projects with the ability to store water and make unseasonal releases. Additionally, a 

range of scenarios for dry, average and wet years shall be established.  

Existing database of water levels and flows from gauging stations in the vicinity of the 

project were used (including MRC hydrometric stations).  
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Additionally, one new gauging station immediately downstream of the dam axis (but 

upstream of the Nam Ou confluence) is currently envisaged for monitoring and 

verification purposes.  

Hydraulic numerical modelling (2D and 3D) to quantify flow conditions in the 

impoundment, in the impoundment backwater, near the dam infrastructure, the 

downstream river, and at major tributary confluences especially with regard to the sound 

elaboration of the tailwater rating curve and headwater level of the tailwater rating curve 

and headwater level development during flood occurrences is required. Additionally, the 

complex flows at inlet, navigation locks, spillway and fish passing facilities, shall be 

investigated.  

Numerical modelling shall be supplemented by physical model tests (or vice versa).  

Finally, operation rules are to be elaborated to mitigate environmental impacts especially 

with regard to sedimentation, ramping rates, inundation areas and navigation. 

19.3 Sediment Management and River Morphology 

Key issues in sediment management and river morphology (see Chapter 3 of the MRC 

Design Guidance) are mainly raised with regard to:  

 Minimise changes to sediment delivery to the downstream environment with respect 

to sediment quantity, the seasonality of sediment delivery, and grain-size 

composition of the sediment load. 

 Minimise deposition within the impoundment to prevent upstream river changes and 

maintain and protect project infrastructure. 

Specifically, the following approach is required: 

 Monitoring and modelling of the baseline conditions 

 The monitoring and modelling should be used to describe and quantify baseline 

conditions in the project reach and potential project operations. 

The description of the existing environment will include annual sediment budget, 

grain-size distribution on a seasonal basis, existing geomorphic characteristics and 

patterns of sediment deposition in the project area. 

 A basic numerical sediment transport model integrated with the hydrological and 

hydraulic transport model shall demonstrate the influence of the daily and annual 

operating pattern of the project.  

 The model should be capable of incorporating and demonstrating the efficiency of 

sediment mitigation measures over a range of conditions. 

 Implementation of low level outlets for sediment routing or sediment flushing 

purposes as mitigation measures 

 The description of potential changes to the existing environment associated with 

the project development will include changes to sediment transport within and 

downstream of the impoundment over the life of the project including a discussion 

of how adaptive management will be implemented over the concession period. 

 Dam layouts, including the location of the turbine intakes, low level outlet and 

spillway gates should be planned to minimise deposition near intakes and 

maximise the potential for frequent sediment flushing. 
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 The gates should be located at maximum depth within the impoundment to 

maximise potential for sediment flushing. 

 Flushing gates should be large enough to accommodate flows sufficient to entrain 

and transport coarse sand and gravel in suspension and prevent clogging. 

 Surface Spillway gates should be included to allow dilution of the highly 

concentrated bottom waters that are released. 

 Implementation sediment management and operation rules: 

 The passage of sediment should be promoted during all flood events with low-

level outlets opened in preference to high level flood gates. 

 Sediment routing involving drawdown of water levels to below minimum 

operating levels should be implemented and coordinated between dams in a 

cascade during periods of high sediment inflows. This may include at the start of 

the wet season, or when sediment flushing is implemented at an upstream project. 

 At least 70% of the fine-sediment (grain-size <63 μm) entering an impoundment 

should be discharged on an annual basis to downstream of the dam. This is to 

maintain a supply of fine-sediment and nutrients to the downstream environment, 

including the Tonle Sap and delta. A target of 70% is considered an operationally 

feasible target that would provide downstream benefit.  

 In impoundments where a 70% target is not achievable under normal operations, 

sediment flushing should be implemented on an annual basis to provide sediment 

input to the downstream environment and to prevent the consolidation of sediment 

within the impoundment. 

 Finally, a monitoring program during operation is to be implemented. 

 Measuring sediment inflows to and outflows from the impoundment area, 

including the determination of sediment grain-size. The same monitoring 

parameters and monitoring frequency as foreseen for the pre-project monitoring 

is envisaged. Monitoring sites should include upstream of the backwater to 

quantify inflow and downstream of the dam to quantify outflows. 

 Annual bathymetric surveys within the impoundment at a resolution sufficient to 

quantify the rates of sediment accumulation or scour. 

 Cross-sections and bathymetric surveys should be conducted every year at the 

upstream extent of the backwater to determine changes that might affect 

navigation. 

 Surveyed cross-sections of the river downstream of the dam should be completed 

annually for the first 5 years of operations and every two years thereafter. A 

downstream monitoring plan should be developed that takes account of the 

location of the project, location of other projects, and proximity to alluvial river 

reaches. Monitoring should extend from the project a minimum of 50 km 

downstream, or to the backwater of the next project downstream, with cross-

sections spaced at 5 to 10 km intervals and targeting alluvial reaches. Cross-

sections should extend above the maximum water level height of the river. 

 River banks along the new flood level line of the impoundment should be 

monitored to establish rates of erosion. 
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The Luang Prabang HPP foresees three (3) Low Level Outlets as the primary spillway 

devices. During flood events the floods (and turbidity currents with the highest sediment 

concentrations) will pass through the Powerhouse/turbines and the Low Level Outlets. 

The approach to the Powerhouse and the Low Level Outlet is designed accordingly. Only 

when the capacity of the Low Level Outlets is reached, the Surface Spillways will be 

used. 

Based on the available sediment and flow data a sediment model was set up and the 

sedimentation process (with and without Luang Prabang HPP) was simulated. The 

simulations also include sensitivity cases to take into account uncertainties in the 

available data. An additional sediment sampling campaign has been initiated, and the 

sediment model will be updated once the results of this campaign are available.  

19.4 Water Quality and Aquatic Ecology 

Key issues are mainly raised in Chapter 4 and Chapter 5 of the MRC Design Guidance 

with regard to: 

 Reduce the risks that water quality within the impoundment will impact the use of 

the impoundment for other purposes, such as fisheries, or impact on human health   

 Minimise water quality impacts downstream of the dam on fisheries, aquatic 

ecosystems and human health. 

Specifically, the following approach is required: 

 Monitoring of the baseline conditions 

 Establishment of management plans for the construction period 

 Water quality risks associated with sediment flushing include elevated 

concentrations of suspended solids, elevated nutrients, and potentially poor water 

quality if the impoundment is stratified, or if sediment pore water quality is poor. 

Water quality considerations and mitigation measures during flushing include: 

 Restricting sediment flushing to periods of high inflows when stratification risks 

are low 

 Implementing maximum sediment concentration limits during flushing and 

releasing large volumes of surface water during and following sediment flushing 

to dilute concentrations and transport material downstream 

 Implementing sediment flushing early in the monsoon season so subsequent high 

flows continue to transport sediment downstream 

 During the operation stage, water quality monitoring should continue at a monthly 

frequency at monitoring sites upstream and downstream of the impoundment. 

Water quality and aquatic ecology is being addressed in the ESIA. Baseline data to 

establish a clear picture of the current situation are collected. This data include analysis 

of water quality and surveys of aquatic ecology.  

During the construction period a rigid waste management and construction site operation 

plan including regular monitoring of the water quality will be established and 

implemented to secure minimum impact on water quality and aquatic ecology.  

During operation strict operation rules shall be enforced. These will include a sediment 

management plan to avoid sediment accumulation and/or high artificial sediment 

concentration downstream of the dam. A water quality monitoring plan will be 
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implemented, which will include monthly analysis of nutrient parameters and suspended 

solids on selected sampling locations u/s of the dam covering the tail of the impacted 

river stretch and d/s of the dam. A fish monitoring program similar to the currently 

implemented monitoring program at Xayaburi HPP will be established. 

19.5 Fish Passage Design and Operation 

The following objectives are to be followed as outlined in Chapter 6 of the MRC Design 

Guidance:  

 Minimise the impact of dam construction and operation on upstream migration of 

fish species through design of appropriate fish passage facilities, where necessary 

 Minimise the impact of dam construction and operation on downstream movement 

of fish species through design of appropriate operational regimes, fish passage 

facilities, fish guidance systems and appropriate turbine designs.  

Specifically, the following general criteria’s need to be met: 

 Conducting pre-project monitoring identifying species, size composition, and 

biomass required passage.  

 Incorporation of fish passage facilities for both upstream and downstream migration, 

which are designed for specific target species 

 Achieve a fish passage target accordingly: 

 For long-distance migratory species at a single dam, large fishes (>75 cm) require 

more than 90% passage (of numbers of each species approaching the dam) and 

medium-sized (50-75 cm) fish require more than 80% passage.   

 Small, short-distance migratory species moving between/along the river to 

floodplains, require more than 60% passage (upstream and downstream) between 

spawning and feeding/refuge habitats. 

 The fish passing facilities need to incorporate a range of different passage options for 

up- and downstream migration. Multiple fishways are required to consider the range 

of species, volumes of migration and various flow conditions encountering at the dam 

site.  

 Additionally, multiple entrances should be provided, which accommodate for fish 

species that will use surface, midwater, benthic zones and the thalweg (deepest 

channel). The thalweg needs to lead to the fishway entrance; the river channel may 

need reshaping during construction to achieve this. 

 Fish passage facilities need to: 

 Operate all year. 

 Operate optimally from minimum flows up to flows equal to a 1-year Annual 

Recurrence Interval (ARI) with the capacity to operate up to flows with a 5-year 

ARI. 

 Pass migrating fish from 5 cm to 300 cm in length both upstream and downstream, 

as well as drifting eggs and larvae downstream. 

 Fish passage facilities need to pass the peak biomass, which requires the appropriate 

sizing of fishways, and suitable cycle times of fish locks and fish lifts. 
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 Predation within the fishways should be minimised. Adequate shelter for smaller 

species while within the confines of the fishways should be considered, and residence 

time in the fishways should be minimized. 

 Fish exiting upstream fishways should not be drawn back over the spillway during 

overtopping. Exit conditions should be sufficient to provide a stimulus for fish to exit 

the fishway. The combination of suitable attraction flows, substrate, and protection 

from predators is important. 

 Incorporation of fish friendly turbines 

 Fish passage should be provided during construction, with quantitative assessment 

of the migratory population approaching the site and the proportion of each target 

species that passes through. 

 Monitoring programs commenced for the pre-project assessments should be 

continued during the construction and operation stages.  

The fish migration facilities at Luang Prabang HPP is widely based on the concept 

developed for the Xayaburi HPP, and provides the upstream and downstream migration 

possibilities over the entire width of the hydropower plant.  

Upstream migrating fish will be attracted by the powerhouse discharge and will enter into 

the upstream fish passing facilities with multiple entrances over the entire width of the 

Powerhouse. The fish in the collection galleries are guided to two fish locks, where the 

fish are lifted up into the headwater of the reservoir. 

During wet season (Spillway in operation), fish migrating upstream will be also attracted 

into the spillway discharge channel. Fish passing through an additional upstream fish 

migration system at the right bank shall be considered as a supportive means for attracting 

and passing fish at the right bank of the project. 

The main downstream fish migration system provides entrances along the entire upstream 

face of the powerhouse, where the fish are guided to the right pier and released down to 

the tailwater through the terminal chute. Downstream migration is also possible through 

the spillway (when in operation), the Navigation Lock, and for smaller fish through the 

turbines of the powerhouse. The powerhouse is equipped with fish friendly turbines in 

order to minimise the mortality.  

19.6 Safety of Dams 

Key issues on dam safety as outlined in Chapter 7 of the MRC Design Guidance are 

mainly raised with regard to  

 To protect life, property and the environment from the consequences of dam 

operation or failure, based on an understanding of the risk imposed by the dam and 

the consequence of failure. 

 To ensure a consistent approach to design criteria for mainstream dams, specifically 

for the safe passage of extreme floods and seismic stability. 

 To ensure that design, construction, operation and maintenance regimes, as well as 

institutional arrangements, are consistent with national requirements and 

international good practice for the safety of dams.  

Specifically, the following key document need to be elaborated 

 Seismic hazard assessment to design a OBE and SEE 
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 Geological investigation and interpretation of regional seismic conditions 

 Safe spillway of floods up to a PMF 

 Impacts of mal-operation of the flood gates and floods due to dam break 

 Emergency Action (or Preparedness) Plan for construction and operation period 

During operation an Operation & Maintenance plan need to be prepared, while a flood 

forecasting and waring system is to be developed and installed.  

For the Luang Prabang HPP a site specific Probabilistic Seismic Hazard Assessment is 

being prepared. Geological surveys and investigations at the site and wider project area 

are carried out, which ware used as an input for the PSHA.  

A flood study has been carried out for the Luang Prabang HPP site, providing design 

floods for a 10,000 year flood (design flood, design basis for the design flood is the (n-1) 

rule, i.e. one spillway gate is not operational) and PMF. 

As basis for the Emergency Action Plan, a dam break analysis has been carried out based 

on the latest design and the downstream Xayaburi HPP. A main topic of the dam break 

analysis has been (i) natural floods and (ii) the development of a breach at the Luang 

Prabang barrage combined with a 100 year flood. 

19.7 Navigation Lock Design and Operations 

The MRC Design Guidance require to provide Navigation Locks on stretches influenced 

by hydropower, capable of raising transiting vessels from the downstream to the upstream 

water level and vice versa during periods of authorized navigation on the Mekong River.  

The MRC Guidance provide a number of design criteria for the Navigation Lock design, 

such as: 

 Location, alignment and type of the lock 

 Dimensions for the lock and safety margins 

 Requirement on the approach channel 

 Requirement for a latter expansion 

 Lockage time and availability 

 Requirements on filling and emptying 

 Service life time of lock, main structures and equipment 

 Maintenance of navigation during construction 

 Requirements on chamber equipment 

 Requirement on the approach infrastructure 

The Guidance emphasises the possibility to use the locks as an additional fish migration 

facility. Further considerations to this issue are given in the respective chapters.  

The design and layout of the Navigation Lock closely follows the recommendations of 

the MRC Design Guidance, all requirements have been addressed adequately in the 

Design. The site for an additional second Navigation Lock is indicated in the design 

documents.  

For 
PNPCA O

nly



Luang Prabang HPP  115002924 
Feasibility Study Report  264 
 

 

Copyright © Pöyry Energy Ltd. 

19.8 Riparian Communities and River-Based Livelihoods 

Key issues are mainly raised with regard to  

 Evaluate the residual impacts from the project on directly-affected riparian 

communities. 

 Identify practical, feasible and long-term support measures to address consequences 

on these livelihoods. 

The pre-project analysis should identify and characterise the geographical extent of 

directly affected riparian communities, and the composition of those communities in 

terms of river-based livelihoods. Consequences on riparian communities and river-based 

livelihoods with regard to residual impacts are to be identified and described, specifically 

with regard to water level fluctuations, sediment transport, effects on aquatic ecology, 

fisheries and navigation.  

There concerns are greatly addressed within the ESIA as outline in the respective section. 

The ESIA for Luang Prabang HPP includes a detailed survey on the communities along 

the Mekong River which will be affected by the Project. The survey includes all 

settlements starting at the dam location upstream to the tail of the backwater area which 

will be either directly or indirectly impacted by the Project. The surveyed area reaches 

up to the Pak Beng dam site.  

Environmental Impact Assessment covers data collection on physical and biological 

components. The social impact assessment covers the socio-economic profile including 

current infrastructure, occupational details, ethnicity and livelihood conditions. This 

information is used to develop adequate management plans, including Resettlement 

Action Plan and Livelihood Restoration Plan.   

The impacts of the Project on these will be addressed in the Environmental and Social 

Management and Monitoring Plan. Mitigation measures will be taken in order to avoid, 

minimize or offset impacts throughout the life-cycle of the Project. The results of these 

measures will be monitored under the responsibility of Environmental Management Unit 

(EMU) and the social program will be under the Resettlement Management Unit (RMU), 

which are to be formed and operated through the joint support of MONRE and other 

related GOL agencies. Monitoring will be the responsibility of a panel of experts with 

consultations or other stakeholders to solicit information on the project’s progress and 

impact. Consultation will be sought from technical staff, NGO representative/ Consultant, 

local administration and legal counsel. 
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20 CONCLUSIONS AND RECOMMENDATIONS 

20.1 Conclusions 

Based on the findings of the studies carried out and the results of the field investigations 

and laboratory testing the following can be concluded: 

a) The available hydrological data basis, in particular the flow data for the Mekong 

River covering a period of about 58 years, provide a sound and reliable basis. 

b) The impact of the upstream Lancang Cascade and their huge storage capacities 

was assessed based on a water balance model calibrated with flow data from the 

first years of operation of the entire cascade. The transformed inflow data series 

provide a sound basis for the assessment of the energy output of the Luang 

Prabang HPP. 

c) The geological and geotechnical investigations performed up to date are sufficient 

for this feasibility stage. The geological conditions at the proposed project site are 

generally suitable for the foundation of the proposed project structures. Suitable 

sources for concrete aggregates and other construction material have been 

identified. Further investigations in the next project phase (Tender Design) will 

be needed for the Geological Baseline Report.  

d) The topographic survey carried out in the course of this feasibility study are 

sufficient in the extent and accuracy for an appropriate design of the hydropower 

plant, camps, construction facilities and infrastructure. Further topographic 

surveys in the upcoming project phases might be necessary for construction 

activities outside the project area, and will be limited locally (e.g. access roads, 

piers for ferry boats, etc.).  

e) The proposed arrangement of the main structures, with the Navigation Lock and 

the Spillway on the right bank, and the Powerhouse in the central part of the river, 

is hydraulically well suited, and takes into account the morphological and 

geological site conditions. This arrangement allows the construction of the project 

within one single construction stage, and thus minimising the overall construction 

time. The river will remain in its original river bed during the construction. 

f) The optimisation of the plant resulted in a design discharge of 5,355 m3/s and a 

maximum output of the main units of 1,400 MW. A total of seven (7) vertical 

Kaplan units with a unit discharge of 765 m3/s and output of 200 MW have been 

selected.  

g) An auxiliary powerhouse is foreseen using the potential of the water used for the 

attraction flow system for the fish migration facilities (upstream and downstream 

migration). The capacity of these auxiliary units is in total 60 MW, provided by 

three vertical Kaplan units with a unit capacity of 20 MW and a design discharge 

of 60 m3/s each.   

h) The total installed capacity of the plant is 1,460 MW; taking into account own 

consumption and transmission line losses, the maximum power output of the 

Luang Prabang HPP at the Thai border will not exceed 1,400 MW.  

i) The average annual energy output from the main units and the auxiliary units is 

6,424 GWh for export to EGAT and 6,231 GWh for export to Vietnam (net of 

transmission line losses, availability and own consumption). 
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j) The operation of this run-of-hydropower plant will not alter the flow regime in 

the Mekong River, as the inflow equals the outflow, no hydro peaking is foreseen. 

k) The conditions for the navigation will be improved. On the one side a Navigation 

Lock for 2 x 500 DWT vessels will be provided, and increase of the water level 

in the reservoir allows for a safer and more economic navigation.  

l) The possibility for the passage of fishes in both direction, upstream and 

downstream, is taken into account by providing state-of-the-art fish migration 

facilities. The foreseen fish migration facilities are fully compliant with the MRC 

design guidance.  

m) The project would cause direct social impact upon the 26 villages with only 840 

families to be relocated. The compensation and resettlement have been carefully 

planned and appropriately designed through participatory approach and 

consultation with all affected people and all concerned authorities. 

 

20.2 Recommendations 

Based on the findings of the feasibility study the following key recommendations are 

given: 

a) Additional geological investigations are required in the upcoming project phase 

in order to formulate the Geological Baseline Report and to reduce the geological 

risks. Beside the foundation conditions for the main structures, the identified 

quarry sites should be further investigated.  

b) In order to determine the deviation from the EGM2008 geoid a high precision 

levelling is recommended prior to commencement of construction works. 

c) During a later project phase the possibility to split the spillway into two parts and 

construct the second part in a “second” stage at the left bank should be studied. 

The advantage would be in reduced excavation works, and reduced production 

rates for concrete works. This options could be proposed as an option for potential 

EPC Contractors.  

d) It is recommended to export the generated electricity to Thailand (EGAT) due to 

much lower transmission line and intermediate substation costs, and two existing 

500 kV substations in Thailand have been identified, namely Nan substation and 

Tha Li substation. Clarification with EGAT on the connection point is required 

for the design of the 500 kV transmission line.  
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