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Executive Summary 
 

Introduction 

This is the Executive Summary for Volume 4 of the 2nd Interim Report, documenting the results from 

the Case Study on the Lao Mainstream Hydropower Cascade. Volume 4 is a stand-alone document 

from Volume 1 (Guidelines), Volume 2 (Manual) and Volume 3 (Knowledge Base) as it summarizes the 

impact mitigation assessment of the first set of tested scenarios for the Case Study (Activity/Output 5a 

of ISH0306) on the Mekong River, planned and under construction upstream from Vientiane in Lao 

PDR.  

The specific objective of the Case Study is to “test selected mitigation options, recommended in the 

Guidelines, for effectiveness, sustainability and at the same time maximizing the operational 

flexibility”. This has been undertaken through a detailed analysis of a range of mitigation options and 

scenarios using rigorous modelling to assist in the impact assessment.  A chosen set of indicators has 

been assessed with regard to selected mitigation options, under the various selected scenarios. This is 

further described in the Assessment Methodology that follows on page 13 of this Executive Summary. 

The Case Study activities of this 2nd Interim Phase will be followed by additional Case Study activities 

in the Final Phase of ISH0306 in 2017 with further assessment of scenarios, mitigation options and 

themes. These will be closely aligned to the Council Study hydropower sub-scenarios and also include 

assessment of the mainstream dams downstream of the upper cascade.  

The mainstream cascade studied during 2nd Interim Phase constitutes hydropower plants at Pak Beng, 

Luang Prabang, Xayaburi, Pak Lay and Sanakham. The Xayaburi hydropower project is currently under 

construction and planned to be operational in 2019. The other hydropower projects are at less 

advanced stages of development. An overview of the Lao cascade is given in Figure ES1 with some 

salient features of the reservoirs illustrated in Table ES1. 

  
Figure ES1. Overview of the mainstream hydropower cascade, upstream Vientiane. 
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Table ES1. Length of reservoirs and river reaches. 

Reach from: Reach to: 

Cumulative 

distance from 

u/s boundary Reach length 

Reservoir 

length River reach 

    km km km km 

Model Boundary Pak Beng 0 127 73 54 

Pak Beng Luang Prabang 127 143 100 43 

Luang Prabang Xayaburi 270 130 80 50 

Xayaburi Pak Lai 400 122 80 42 

Pak Lai Sanakham 521 81 58 23 

Sanakham Model Boundary 602 130     

 

The Context of the Study Base Case 

This study aims to understand the effectiveness of the mitigation options to reduce risks and impacts 

associated with the construction and operation of the cascade of the five mainstream dams mentioned 

in the previous section.  In order to do this assessment, it is important to understand the basin-wide 

context in which these dams are considered. To date eight hydropower dams have been constructed 

in China on the upper Mekong Basin (the Lancang Cascade).  These are major dams with substantial 

storage already causing significant changes to the seasonal pattern of inflows into the Lao cascade.  

The sediment loads entering the upstream end of the Laos Cascade have also been substantially 

reduced due to sediment trapping (see Section 3.4.2 and the Hydropower Guidelines Manual – MRC, 

2015). It is important to stress that the Lancang Cascade has a large impact on the river reach where 

the Laos Cascade is located, and hence potential additional changes need to be considered within a 

basin scale context. Concurrently, a number of the major Lao PDR tributaries flowing into the cascade 

have hydropower developments under construction or in operation, and further schemes are planned 

on these rivers in the coming 15 years (see Section 2.1 and MRC, 2015), some with major storages. 

Mitigation of the cumulative impacts of the tributary and mainstream dams would require further 

transboundary dialogue on options to adapt and coordinate the operation of these respective large 

storage schemes. 

Furthermore, the Mekong basin is changing rapidly as a result of human development pressure across 

the region for irrigation, urbanisation and other sectors.  In addition, the effects of climate change are 

exacerbating the impact of these pressures. The combined pressure may cause future changes in the 

basin ecosystems, with many possibly foundering in unanticipated ways with unforeseen cascading 

and cumulative effects imposed on them. Therefore, as we seek to measure the effectiveness of the 

mitigation options for the Lao cascade, we need to recognise that the various ecosystems of the 

Mekong are currently in a state of relatively rapid change as the river responds to the above pressures.  

The change from the historical state (with no dams and less development pressures) will be long term, 

continuous and dynamic. In many cases, these changes will be fundamental and irreversible.  

Therefore, while we try to understand the impact of one dam or a cascade of dams, and seek to 

mitigate that impact, the overall changes in the basin will need to be managed at basin scale with 
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transboundary cooperation (see also section on findings and recommendations at the end of the 

Executive Summary).  

Henceforth, when undertaking the Case Study assessment, we also draw attention to the historical, 

current and planned context for the Mekong so that the reader can understand the relative scale of 

the various changes that are happening in the basin. Therefore, we have also assessed the changes 

from the historic via the ‘BDP 2030’ scenario (which includes the Lancang cascade and Mekong 

tributary dams) towards the selected scenarios for the cascade. The impacts of the development and 

operation of the Lao hydropower mainstream cascade and the effectiveness of the proposed 

mitigation options must also be considered in the context of the larger scale basin changes.  

The Lao cascade impact relative to tributary and UMB development has actually been investigated 

with regard to aquatic ecology and fisheries as well as sediments in the Case Study (covered in chapters 

3 and 5 of the main report). Below in Figure ES2 and ES3 is an illustration of one of the relative impact 

of the Lao cascade with regard to sediment loads and fisheries biomass. Note the less dramatic impact 

from historic to BDP2030 conditions for fish biomass compared to sediment loads, due to 

“unimpacted” tributary fisheries in this case. Mitigation within the cascade reduces the impacts, but 

the basin scale impacts will still dominate especially with regard to sediment loads.  

 

Figure ES2. Sediment loads at Sanakham for historic, BDP2030, and Lao cascade conditions (with and 

withouth mitigation). 

 

Figure ES3. Mean fisheries biomass on the area of investigation (Zone 1-3 combined) for historic, 

BDP2030 and cascade (with and withouth miytigation) conditions. 
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Assessment Methodology 

Risks and vulnerabilities related to the Lao cascade development have been assessed, in this Phase, 

with regard to; (i) hydrology and flows; (ii) sediments and geomorphology; (iii) water quality; as well 

as (iv) fisheries and aquatic ecology. These themes have also been rigorously covered in the Guidelines 

and Manual from the 1st Interim Phase (MRC, 2015). 

To study the risks mentioned above, a specific set of mitigation measures was selected. These are as 

follows2: 

 Lower dry-season water level of the Pak Beng reservoir to reduce upstream inundation 

 Flood protection at Luang Prabang by water-level draw down of Xayaburi 

 Connectivity restoration with focus on fish passages 

 Sediment flushing and sluicing 

 Flow restrictions (for hydropower peaking scenarios) to address the following: 

o Water level ramping rates for geomorphic mitigation 

o Water level ramping rates for fish  

o Minimum environmental flows 

 Limitations to reservoir level fluctuation: A 50 cm limit to reservoir level change for safety, 

navigational and environmental reasons 

The mitigation measures above have been modelled, tested, cumulatively added and analysed with 

regard to impacts for three main scenario groups3, namely; 

(i) Scenario group 1.1 – Run-of-River Scenarios – where the hydropower plants operate as 

run-of-river schemes. Except during floods, the reservoirs will constantly be kept at full 

supply level, and the discharge through the power stations and spillway is equal to the 

incoming flow. 

(ii) Scenario group 1.2 – The Sediment Flushing Scenarios – where the hydropower plants 

operates as in 1.1, e.g. run-of-river, but where annual flushing options are implemented to 

promote transport of sediment through the reservoirs. 

(iii) Scenario group 1.3 – The Hydropower Peaking Scenarios – where the operation the 

hydropower plants seeks to increase revenue by prioritizing generation during the 16 hour 

daytime period, e.g. 06:00-22:00, resulting in daily variation in reservoir level with impacts 

also downstream. 

The impact mitigation assessment of the scenarios has been undertaken in three major zones/sections 

(see Figure ES4), i.e.; (i) Zone 1: in the cascade itself; (ii) Zone 2: from Sanakham to Paksan; and (iii) 

Zone 3: from Paksan to Pakse (see Figure ES3). Assessment of further downstream impacts (Lao-

Cambodian Floodplain, Tonle Sap and the Delta) will be undertaken in Phase 4, and will also include 

mainstream dams located further downstream (Sambor, Sung Treng etc.).  

 

                                                           

2 Described in detail in Chapter 2.3 of this report. 

3 Described in detail in Chapter 2.4 of this report. 
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Figure ES4. Map over cascade reach and the three impact assessment sections/zones (Zone 1 = 
pink, Zone 2 = green, Zone 3 = orange). 

In addition to evaluating the effect of mitigation on the environment, the impact of the mitigation 

measures on power production and revenues (based on Thai energy delivery tariffs) has also been 

calculated for the various scenario groups. The basic framework for this is illustrated in Figure ES5. The 

effectiveness of the mitigation options was tested by comparing scenarios with mitigation measures 

(i.e. 1.1.A to 1.3.E) to scenario 1.1.0 (run-of-river without mitigation) and by evaluating relative 

differences by a set of environmental and economic indicators. 
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Figure ES5. Conceptual framework for the impact mitigation assessment (here portrayed with the HP 

modelling but which also includes Delft3D on the more detailed sediment and geomorphological 

modelling.  

For the major risks a comprehensive set of indicators has been developed and evaluated with regard 

to the mitigation options and scenario groups. This has been undertaken quantitatively by use of the 

suite of models, and qualitatively where model use was not feasible. Details of this exercise are 

attached in Annex F. Section 3 of the Main Report discusses in detail the methods to assess mitigation 

and economics, including its selected indicators. The results of this assessment is discussed in detail in 

section 5, and some main conclusions from the 2nd Interim Phase are described overleaf. For the 

combined assessment of the proposed measures in the scenarios, a multicriteria assessment schema 

with scoring by indicator was developed (derived from the quantitative and qualitative values). The 

scoring range was set from +3 to -3 (positive to negative effect of implementing the scenarios with its 

mitigation options, compared to scenario 1.1.0, withouth mitigation). A selected set of the most 

promising indicators, from the table in Annex F, which gave the greatest varieties in scores was chosen 

for the multicriteria assessment. They were as follows: 
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1. Energy Revenues (USD) 

2. Value of Fishery Products (USD) 

3. Sediment Transfer (pooled for the various size ranges) 

4. Nutrient Transport  

5. Catchment Connectivity for Fish (pooled connectivity indices for the basin) 

6. Overall Biodiversity Loss (fish and other aquatic organisms) 

These were then cumulatively added (summed up) for each of the scenarios, indicating the range of 

benefits and impacts. The analysis of the most promising scenarios with regard to this is portrayed in 

Figure ES8, under Summary of Findings and Recommendations. The Multicriteria assessment will 

however need refinement and will be further developed in Phase 4, 2017.     

 
Summary of Findings and Recommendations – 2nd Interim Phase 
Some general and theme-specific findings from the Case Study are listed below. 

 

General Findings, Conclusions and Recommendations 

  

Avoidance, Minimisation and Compensation at Basin Scale:  

 A very comprehensive analysis using the latest and best available data has been implemented. 

It builds on data and analyses undertaken in other recent major studies in the Basin (e.g. Basin 

Development Scenario Assessment (MRC, 2011), Mekong Delta Study (DHI, KDR, 2015) as well 

as the 1st Interim Guidelines and Manual Reports of ISH0306 (MRC, 2015) by also linking the 

Case Study to Basin Scale implications). 

 The information used in the analysis includes the most recently updated MRC fish and 

sediment monitoring data (for fish; consumption-based yield data and AMCF sampling data as 

well as related studies as e.g. Halls, 2010; Halls & Kshatriya, 2009; Hortle & Bamrungrach, 2015 

and; for sediments Koehnken, 2015). 

 The selected analyses, models, data and related input parameters have been, and are 

continuing to be discussed with Member Countries as part of this project.   

 The impacts and related mitigation approaches for the hydropower cascade must be seen in a 

basin wide context.  The upstream Lancang dams and the tributary dams have substantial 

impact on the hydrological, biological and sediment inputs to the cascade, as previously 

discussed.  These cannot be mitigated by implementing measures in the cascade alone, but 

must be dealt with either at the Lancang and tributary dams themselves OR through use of 

basin scale offset and management approaches.  

 Hence, integrated hydropower planning at the system scale (basin, catchment) should be the 

New Frontier for the LMB countries (see also Nature Concervancy/IDB, 2013 for discussion on 

the benefits of system scale hydropower planning). Loucks (2003) also neatly links this to 

maximization of benefits by stating – “the interdependence of system components and 

decisions strongly argues for managing them in an integrated holistic and sustainable manner 

if maximum benefits are to be obtained from them”. For this to be realised the Member 

Countries will need even more integration than at present within the cooperation continuum 

and move from cooperation towards even more joint action as portrayed to the right in Figure 

ES6. 
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Figure ES6. A cooperation continuum for transboundary management of water resources as 
portrayed by Sadoff et al. (2008). 
 

 Considerations for Joint Action are already vested in the Mekong Agreement (MRC, 1995) and 

its associated initiatives like the Basin Development Plan (MRC, 2011) and the Preliminary 

Design Guidance (MRC, 2009). These serve as a good starting point for further Joint Action. 

 Joint Action also may include opportunities for joint development and Benefit Sharing as 

considered by recent MRC initiatives (MRC, 2014 and 2015).  The MRC’s comprehensive review 

of good industry practice was undertaken with the MRC Member Countries and provides a 

supporting framework  to guide possible Joint Action.  Joint Action represents the greatest 

level of coordination and cooperation at a Basin Scale and is normally formalized in treaties 

and strong institutions, where benefit sharing arrangements such as joint ownership and 

management of assets can form the basis (Sadoff et al., 2008 and Lillehammer et al., 2011). 

The Lesotho Highlands Water Project (LHWP) with its Treaty (LHWC, 1986) is an example of 

Joint Transboundary Action (Lesotho and South Africa). The LHWP Treaty explicitly states how 

benefits from cooperative development will be shared (royalties from water, electricity from 

HPP, other ancillary benefits etc.). Benefit Sharing can be defined as follows (Lillehammer et 

al., 2011) – “A framework for governments and project proponents to maximize benefits across 

stakeholders, through relevant spatial and temporal scales by use of various mechanisms, and 

consistent with the principles of sustainability”. 

 Integrated hydropower planning at system/basin scale is envisaged in the MRC’s Strategic Plan 

2016-2020 (MRC 2016) as part of the overall Integrated Water Resources Management 

approach.  Such an approach, at basin level, will cater for the incorporation of sustainable 

planning within a spatial and temporal context allowing for the application of the full 

mitigation hierarchy, from avoidance through minimization, mitigation and 

compensation/offsets. This approach is particularly relevant where biodiversity offsets are 

planned.  Cumulative impacts from upstream, tributary and instream hydropower projects 

which alter seasonal and diurnal flow and sediment patterns, will affect defined critical 

biodiversity hotspots habitats.  Integrated system planning may reduce these cumulative 

impacts at a basin scale (Nature Conservancy/IDB, 2013) making this approach highly relevant 

for the future hydropower planning of Mekong mainstream and its tributaries. 

 When mitigating within the spatial context at basin scale, and in line with the mitigation 

hierarchy, the status of the LMB ecosystems will benefit from early avoidance mitigation 

approaches. Examples might include maintenance of intact river routes and alternative dam 
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designs. The latter has actually been studied for Sambor, and is amongst others reported in 

Wild and Loucks (2015). An illustration of the original proposed Sambor Dam and the smaller 

alternative is shown in Figure ES7. The latter includes a natural sediment and fish bypass 

channel. 

 

 
Figure ES7. Map of the original proposed Sambor Dam and the smaller alternative (Source: Wild 

and Loucks, 2015). 

 

Mitigation at Cascade Scale:  

 The cascade studied in Lao PDR includes major dams and, without mitigation, these will pose 

significant additional environmental impacts on the basin. 

 The mitigation methods documented in the Guidelines (MRC, 2015) have been applied to seek 

to mitigate the impacts and risks imposed by the Lao mainstream cascade. These applications 

generally enhance and “operationalise” the approach taken at the Xayaburi project which are 

based on recommendations in the PDG (MRC, 2009). 

 The extensive and detailed assessment carried out in this study concludes that: 

o The mitigation options tested reduce the downstream impacts compared to “no 

mitigation” scenario to varying degrees; 
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o The investment in the cost of construction and operation of the mitigation solutions is 

well justified by the reduced loss in economic value and benefits from reduced 

environmental impacts in the cascade reach and further downstream; 

o There remains a number of basin scale impacts from the Lao mainstream cascade that 

cannot be fully mitigated (for example transport of coarser sediments). 

 In addition, as can be expected, with these large-scale and pioneering application of mitigation 

approaches, there are a number of uncertainties with regard to the effectiveness of some 

mitigation measures (specifically the upstream and downstream fish passage).   

 The application of these mitigation approaches needs to be intensively and jointly monitored 

by MRC member countries at Xayabury (currently under construction) to assess the 

effectiveness of mitigation and to build important knowledge that may be applied in the design 

and operation of potential future dams in the mainstream and tributaries of the Mekong.    

 In addition, residual impacts and risks arising from this cascade of dams need to be considered 

at a basin scale (see above section on basin scale findings and recommendations) to 

understand potential transboundary management and cooperation options to overcome 

these impacts (including those of benefit sharing discussed above). 

 

Overall when the environmental mitigation for the cascade is considered jointly, the following findings 

are relevant: 

 Draw down of the Xayabury operating level during floods was found to be only marginally 

beneficial in reducing flood level at Luang Prabang, with the models used.  Further work is 

needed to optimise this rule to maintain operational flexibility and to ensure no effect on flood 

levels at Luang Prabang; (Scenario 1.1B) 

 Water level draw down at Pak Beng as proposed by CNR (2009) allows for reduced dry season 

flooding of areas upstream on the Thailand border area.  Again, this operation and the benefits 

need to be re-assesses.  (Scenario 1.1B) 

 The analysis found that the drawdown approach at the above two structures reduced revenue 

from the two schemes (Pak Beng and Xayaburi) by an average of 3.2% per year ($60m). 

 The installation of advanced fish passage facilities for upstream and down stream migration 

was beneficial.  However, certain larger migratory species would be significantly affected and 

potentially be driven to extinction.  Even with mitigation a 60% reduction in biomass within 

the cascade reach could be expected.  Residual loss in biomass and biodiversity are also 

expected, even with fish passage mitigation, in the reaches downstream (Scenario 1.1B).  Fish 

passage operations were estimated to reduce annual revenues by approximately 1% per year 

($19m). 

 The cascade will trap approximately 14 MT of the 20 MT entering the impoundment, with only 

silt and clay readily transmitted through  cascade as part of normal operations.  Coordinated 

sediment flushing of each cascade dam over a period of about 60 days was found to mobilise 

fine sand from the impoundments and increased sediment discharge by up to ~2 MT/yr.  

Flushing operations initiated in August produced the highest sediment discharge due to the 

higher sediment concentrations entering the impoundments and being maintained in 

suspension during the flushing events.      Only minimal quantities of coarse sands and gravels 

were mobilised by the flushing operations, however, the effectiveness of flushing coarser 

material is likely to increase as sediment deposition within the impoundment progresses closer 
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to the dam wall and low level outlets.   These flushing operation reduced revenue in the 

cascade by approximately 2.8% ($51 M/year).   

 Within the downstream reaches (zone 2 and zone 3) flushing of sediments was found to 

benefit the aquatic habitats due to replenishment of sediments (Scenario 1.2.C and D) and the 

associated nutrients.   

 Geomorphological changes both within and downstream of the cascade were shown to occur 

over longer time frames (decades).  A clear “erosion wave”, was observed to move 

downstream of Sanakham at a rate of approximately 20 km per year, affecting Vientiane after 

approximately 8 years.   The ‘wave’ removes available sediment, resulting in a deepening and 

/ or widening of the channel and an increased exposure of bedrock.  The actual rate of channel 

erosion following implementation of the cascade will depend on the quantity of sediment 

available for transport in the channel, and the hydrologic variability (e.g. large floods will 

remove more sediment as compared to dry years).  Within the impoundments, sediment 

deposition created a ‘delta’ that increased in size from the upstream end of the impoundment 

towards the dam wall over time. 

 The introduction of peaking operations, to take advantage of higher daytime tariffs, has 

significant impact on all indicators downstream and within the cascade.  These impacts were 

found to be mitigated by the introduction of ramping restrictions on all dams (Scenario 1.3.D) 

or only Sanakam (Scenario 1.3.E) and the introduction of a minimum flow in the cascade reach 

and downstream.  However, the introduction of these ramping restriction and minimum flow 

almost negated the peaking revenue benefits.  (Net across the cascade of $xm per year).  

Further work is required to optimise and mitigate this operation if peaking operations are to 

be envisaged. 

 In general, scenarios which include a combination of fish passes, minimum flows, provisions of 

flushing/sluicing and for hydropeaking limitations on ramping rates will benefit the widest 

array of indicators as shown in the Figure ES8 overleaf.     

 

 

 

 



22 
 

 
 

Figure ES8. Change in Key Selected Indicators relative to the “no mitigation” Option. 

 

For each indicator in Figure ES8 above the scoring indicate as follows: 

 

+3 = high increase 

+2 = medium increase  

+1 = low increase 

0 = no change 

-1 = low decrease 

-2 = medium decrease 

-3 = high decrease 

 

Most indicators scores in the range of +1 to -1 (low increase to low decrease). The scenarios with the 

lowest energy revenues (flushing and ramping rate restrictions on all dams) scores -2 for this indicator.   

 

Recommended Management Strategy for the Cascade 

Given the results from the combined assessment above the strategies that benefits the widest array 

of themes, issues and users will be those of all mitigation options combined. Peaking with limitations 

on ramping rates will need to be studied further in order to optimize environmental benefits and 

economic impacts. To cater for the revenue loss due to sluicing a central authority for dispatching 

optimal cascade performance should be considered.  Tariff adjustment would need to be negotiated 

within the Power Purchase Agreement after consideration of the ESIA and prior to the signing of the 

concession agreement to cover the required operational changes (see also last section in the Executive 

summary).  

 

When considering the most promising management strategies, optimization of design for the cascade 

projects should be considered.  Allowance should also be made for coordinated operations. This could 
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include, among other options, optimization and flexible designs for pumping stations and auxiliary 

turbines connected to the fish passages as well as a combination of low and high level sluices, 

throughout the cascade, for optimal and coordinated flushing and sluicing. Lastly, further optimization 

for joint operation of the cascade would need to be looked into, and this is also further discussed in 

the last section of this Executive Summary.  

 

Thematic Findings and Recommendations 

 
Mitigation of Impacts on Hydrology and Flows: 
 
Risks and Impacts 

 Changes to seasonal flow are most prominent between the historic conditions and those 

projected to be experienced in the 2030 timeframe (BDP 2030 scenario, (MRC, 2011)) due to 

the Lancang cascade and the tributary storage dams. The Lancang and tributary storage dams 

have higher influence on the seasonal flow distribution than the five cascade dams in Lao PDR. 

Under undisturbed historic conditions the onset of the wet season used to be earlier in the 

year, tended to have higher flows, to be a little longer and less variable compared to the BDP 

2030 and our reference scenario (1.1.0). 

 The sub-daily flow distribution varies greatly between the Lao cascade scenarios with the 

highest values and greatest variation in the peaking scenario group (1.3.0-E). This is illustrated 

in Figure ES8 with mean dewatered area for the five reservoirs across all scenarios. Note the 

huge difference between scenario 1.3.0 (peaking with no mitigation) and 1.3.D (peaking with 

ramping rate limitations) 

 The amplitude of peaking waves from the peak scenarios gradually decrease downstream in 

impact zones 2 and 3. However, considerable peaking/oscillation occurs down to Vientiane in 

January and to Kong Chiam in June.  

 

 

Figure ES9. Mean dewatered area in m²/hour (for all hours) for all five reservoirs across the various 
scenarios (also used as an indicator for hydropeaking impacts on fisheries and aquatic ecology). 
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Mitigation Effectiveness 

 With regard to sub-daily flow changes introduction of mitigation restrictions on ramping 

rates in the peaking scenarios decreases peaking intensity and mean dewatered area within 

the cascade (see also Figure ES9 above, scenario 1.3.D). 

 Ramping restrictions on all dams (1.3.D) as well as only for Sanakam (1.3.E) reduces the 

peaking waves downstream of the cascade (zone 2 and 3).  

Conclusions and Recommendations 

 Due to changes in the basin already occurring and affecting the criteria in the Procedures for 

Maintenance of Flow on the Mainstream (PMFM), the PMFM should be revisited. 

 The short-term (sub-daily) variations in discharge and water levels due to operation of the 

cascade can be mitigated by imposing feasible limitations on ramping rates and sound criteria 

for environmental flow. 

 The impacts of the Lao cascade, with regard to flow, seems to be minor downstream of Pakse, 

on the Tonle Sap system, and further down to the Delta. However, this will be subject to 

investigations in the Final Phase of the Study (2017), where the output of the ISH0306 

modelling and assessment will be aligned and connected to the Council Study (and hence DSF) 

modelling and assessment.  

 

Mitigation of Impacts on Sediments and Geomorphology: 
 
Risks and Impacts 

 The largest changes in total sediment loads through the Lao cascade reach, and dowstream of 

Vientiane, are associated with the changes occurring between the historic and BDP 2030 

scenarios with sediment loads decreaseing from ~80 MT/year to 20 MT/yr. Implementation of 

the Lao cascade without mitiation leads to an additional  14 MT/year reduction in gravel and 

sand loads at the Sanakham damsite. This will lead to an ‘erosional wave’ progressing 

downstream of the final dam site with erosion of sand bars channel incision and eventual 

armouring of the channel. In the short to medium time frame, the erosion of sediment from 

the river channel downstream of Sanakham will maintain sand transport downstream of 

Paksane at levels similar to the BDP2030 model runs as the ‘wave’ progresses downstream at 

approximately 20 km per year.   

 The cacade will also promote a considerable shift in the grain size distribution of the suspended 

load downstream of the cascade from being predominatly sand to predominantly silt and clay. 

This is due to trapping of the coarser sediments in the reservoirs (scenario group 1.1 towards 

BDP 2030). 

 Within reservoirs sedimentation will occur and eventual fill deep pools. Downstream of 

Sanakham pools might deepen due to the long-term reduction in sediment loads. Rapids 

within the cascade reach will be inundated and disappear, while downstream of the final dam 

they might increase as sediments are removed from the channel due to erosion. In the short-

term rapids downstream of Paksane are unlikely to be affected due to continued sediment 

supply associated with erosion in the upstream channel. 

 

Mitigation Effectiveness 

 Sediment flushing mobilised up to 2 MT per year of sediment, which is small compared to the 

‘natural’ or ‘pre-cascade’ sediment load, but considerable compared to the post-cascade 

sediment load (e.g. 6 MTper year).  The sediment loads able to be mobilised via flushing are 
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expected to increase over the longer term as more sediment is trapped within the reservoirs 

and sediment deposits progress towards the dam wall.  

 Many factors affect the efficacy of flushing: The sediment and water inflow rates at the time 

of flushing, the rate of water level draw down and rate of reservoir refilling all affect the 

outcome.  In general, the higher the water and sediment loads entering the impoundment at 

the initiation of flushing, the more successful the results, the faster the water level decrease 

and slower the reservoir filling the more successful the ‘flush’. 

 Under a hydropeaking regime, the ramping rates identified as suitable for reducing risks to the 

aquatic ecology will also reduce geomorphic risks associated with increased erosion due to 

rapid and frequent water level changes. 

 

Conclusions and Recommendations   

 The volume of sediment mobilised during flushing, although small, is considered to provide a 

positive benefit in the river reach downstream of the final dam, and the benefit could be 

maximised by managing the timing of flushing events to coincide with periods when there is a 

greater likelihood that sediment will deposit in the channel. 

 It is recommended to apply coordinated flushing of the cascade, involving the timing of water 

level decrease in successive reservoirs. This promotes movement of a sediment ‘plug’ through 

multiple impoundments, and is likely to improve the overall success rate as compared to the 

flushing of individual impoundments (see also hydropower section and comments on joint 

operation at the end of the Executive Summary). 

 Adaptive management should be introduced with respect to flushing, and the downstream 

ecosystem condition. The maintenance of a fine-sand supply to the downstream river should 

be of high priority.  

 Longer model runs of 16-years demonstrated the progression of sediment deposition along 

the reservoir, and suggest that flushing has the potential to mobilise larger sediment loads in 

the future.   

 

Mitigations of Impacts on Water Quality:    

 

Risks and Impacts 

 There will be an increased risk of algal blooms in the cascade due to longer residence times, 

increased water clarity and the associated warming of the water in the reservoirs. A risk 

analysis undertaken as part of the assessment found that there is a high risk of algal blooms 

occurring under all scenarios. 

 Water quality changes occurring within the cascade will also impact the river system 

downstream of the final dam, with impacts generally proportional to the distance from the 

discharge point and the number and volume of tributary inflows entering downstream. 

 There is a risk of elevated concentrations of sediments associated with flushing. In the short 

term, these concentrations are projected to be within the range of historical suspended 

sediment concentrations, but may increase in the long term depending on the rate of 

accumulation of sediments with the impoundments and the frequency of flushing. 

 There is projected to be a low risk of widespread reservoir stratification due to the high inflows 

and short residence time of water within each impoundment.  There is a moderate risk of 

localised stratification near HPs with low level inlets, and at tributary junctions. 
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Mitigation Effectiveness 

 No specific mitigation measures were modelled during the Case Study.  

 

Conclusions and Recommendations 

 Mitigation measures that can reduce water quality risks associated with increased sediment 

concentrations during flushing operations include:  completing flushing operations during 

periods of moderate tributary inflow (other lower sediment and nutrient sources entering the 

river), and informing downstream water users about the timing of any flushing events such 

that water intakes can be managed accordingly. 

 The best strategy to mitigate water quality risks include adaptive management and catchment 

management, as water quality issues are related to catchment inflows as well as the 

management and characteristics of the impoundments. 

 

Mitigations of Impqacts on Fisheries and Aquatic Ecology:    

 

Risks and Impacts 

 There is already a large decrease in connectivity from historic to BDP 2030 conditions. The Lao 

cascade without mitigation (reference scenario 1.1.0) will additionally reduce this connectivity 

(affecting migration of fish amongst others) with its five dams on the mainstream. 

 There is also a loss in fish biomass from historic to BDP 2030 conditions. The Lao cascade as 

described above will also superimpose additional reduction in biomass in all impact zones (1-

3). 

 

Mitigation Effectiveness 

 The modelling results indicate, that the mitigation of habitat fragmentation (i.e. the 

construction of fish pass facilities) has a clear positive effect within the cascade and 

downstream. This is illustrated in Table ES2 below.  

 However, the degree to which negative impacts can be mitigated depends to a high degree on 

the functionality of the fish pass. 

 

 Table ES2. Scenarios with (fish pass = yes) and without fish pass (fish pass = no) with their respective 
connectivity indices4. 

Scenario Fish pass DCI Strahler DCI Migr 

1.1.0 no 28 74 

1.1.A no 28 74 

1.1.B yes 37 81 

1.2.A no 28 74 

1.2.B no 28 74 

1.2.C yes 37 81 

1.2.D yes 37 81 

1.3.0 no 28 74 

                                                           

4 See chapter 3.6.1 for an explanation of these indices. 
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Scenario Fish pass DCI Strahler DCI Migr 

1.3.A no 28 74 

1.3.B no 28 74 

1.3.C yes 37 81 

1.3.D yes 37 81 

1.3.E yes 37 81 

 

 Similarly, restrictions on the ramping rate (scenarios 1.3.D and E) when peaking is undertaken 

will be beneficial for the aquatic ecosystem and fisheries. 

 Flushing events (scenario group 1.2) will greatly affect aquatic habitats in the cascade (zone 1) 

but be beneficial for aquatic habitats in impact zones 2 and 3 in the long run. 

 With regard to fish biomass the most distinct differences among the scenarios can be detected 

in impact zones 1 and 2, while the effects in zone 3 are less pronounced. For zone 1 especially 

scenarios 1.1.B and 1.3.D show considerable higher values compared to the other scenarios. 

For zone 2 scenarios 1.1.B, 1.2.A to D as well as 1.3.D and E are beneficial as this zone will 

benefit from the flushing events and the ramping restriction downstream of the cascade. 

 

Conclusions and Recommendations 

 Assuming that the fish pass is functional for most species and age classes (which can only be 

shown by long-term monitoring), most species and life stages will benefit and the extinction 

of small migratory species can be mitigated within the cascade.  

 Nevertheless, migratory species might still drastically decline in the long run due to high losses 

caused by turbine mortalities and interrupted larval drift in the reservoirs. Turbine mortality 

could be reduced by the implementation of finer screens, which would benefit larger/long-

lived species. Interruption of larval drift cannot be mitigated, e.g effects of smaller reservoirs 

with the present hydropower design, and further studies on mitigating this is recommended 

(see also the Sambor alternative discussed earlier and portrayed in ES7). 

 Flushing can be carried out in a way that fish are not significantly affected in the in the long 

run in thedownstream zones (2 & 3). However, flushing is always associated with impacts on 

the fish community within the reservoirs. 

 Finally, the peaking restrictions show significant improvements compared to peaking-

scenarios without restrictions. Having un-ramped hydropeaking at the four upper dams and 

using the lowermost dam as a re-regulation reservoir is beneficial for the downstream impact 

zones but still causes significant degradation within the cascade. 

 
Hydropower Operation and Economic Cost of Mitigation Options: 

 

Findings and Recommendations 

 Flood draw down at Xayaburi and lower dry season levels at Pak Beng represents a reduction 

in cascade revenue of 3.2%. 

 Introduction of sediment sluicing and flushing (scenario group 1.2) gives an additional loss of 

2.8% bringing the overall revenue loss to approximately 6%. This is substantial and might need 

to be offset by an upward tariff adjustment, when the PPA’s are negotiated.  
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 Reservoir draw down (for floods or flushing) is the type of mitigation measure that causes the 

largest losses of power generation and revenue.  

 The provision of a fish passage system on each project with similar design as Xayaburi 

introduces an additional revenue loss of approximately 1%. It is however possible that this 

figure can be reduced by optimisation of pumping stations and auxiliary turbines. 

 If we compare Scenarios 1.1.B and 1.3.E, i.e. comparing mitigated Run-of-River with mitigated 

Peaking, we see that peaking still reduces the overall generation by 1%, while peaking 

increases the revenue by only 1%. In scenario 1.3.E a number of mitigation measures have 

been implemented, but ramping rates only at Sanakham. The evaluation is that such a scenario 

is relative harsh on the Cascade reach, although re-regulated further downstream by 

Sanakham. In the light of this, one can question whether a (only) 1% increase of the revenue 

justifies the environmental - and to some degree social - stress by peaking.  

 A challenge with respect to both management and financial viability is the scenario group 1.2 

with flushing and sluicing. It is recommended to establish a central authority for dispatching 

optimal cascade performance and according to which the developers are paid for available 

capacity and not for energy. 

 Further optimization on joint operation of the cascade (rule curves, routing of water through 

the reservoirs, coordinated flushing) might increase revenues giving also more room for 

implementing sound mitigation options. This could be further studied in Phase 4 when ISH0306 

will align with the Council Study modelling. Benefits from such joint operation, through 

optimization of operation rules, was in fact modelled and reported by Marchand et al. (2014) 

in 4 tributary cascades of Red River, Vietnam. 
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1 Introduction 

1.1 Overview 
This Volume 4 of the 2nd Interim Report is a stand alone document that draws on the technical 

recommendations included in Volume 1 (Guidelines) and 2 (the Manual).  It summarizes the impact 

mitigation assessment of the first set of scenarios for the Case Study (Activity/Output 5 of ISH0306) of 

the Mainstream Cascade, planned and under construction north of Vientiane in Lao PDR. 

The current 2nd Interim Phase (Phase 3) main activity is this Case Study. However, Phase 3 also deals 

with the further update of the Guidelines (Vol. 1), the Manual (Vol. 2) and submission of a Knowledge 

Base Report (Vol. 3). The 2nd Interim Phase follows after the Inception and 1st Interim Phases (First and 

Second Phase). These first two phases focused on literature reviews, assessment of key physical 

processes behind hydropower risks, impacts and vulnerabilities as well as studies on general mitigation 

options ending with the first versions (Versions 1.0) of the Guidelines and the Manual at the end of the 

1st Interim Phase (MRC, 2015). During Inception and especially the 1st Interim Phase, an assessment 

and scoping of the Case Study with its modelling was undertaken (including evaluation of the DSF 

within the MRC). This was summarised in Vol. 3 of the 1st Interim Report Case Study – Objectives, 

Scope, Methodology and Modelling (MRC, 2015), serving as a basis for the current work. The work and 

results described in this Case Study report will be rounded off in the Final Phase (see next section). The 

specific Case Study activities in the 2nd Interim Phase are described in Chapter 1.3. For the Final Phase, 

this is described in Chapter 7. 

1.2 Specific Ojective of the Case Study 
The specific objective of the Case Study is to “test selected mitigation options for effectiveness, 

sustainability and at the same time maximizing the operational flexibility”, for the Lao PDR mainstream 

HPP cascade upstream Vientiane5. This has been undertaken through rigorous modelling and 

associated impact mitigation assessment (outlined in Chapters 4 and 5), the latter based on a chosen 

set of indicators (described in Chapter 3.1.1), under various scenarios as described in Chapter 2.5. The 

mitigation options and measures studied and proposed under the various scenarios emphasize on 

changes to hydrology and the alternation to flows, fisheries and aquatic ecology (migrations, diversity, 

productivity and its links to livelihood), sediments and geomorphology as well as water quality. The 

Case Study activities of this 2nd Interim Phase will be followed by additional Case Study activities in the 

Final Phase of ISH0306 in 2017 with further assessment of scenarios, mitigation options and themes. 

These will be closely aligned to the Council Study hydropower sub-scenarios and also include 

assessment of the mainstream dams downstream of the upper cascade. Overview of the mainstream 

cascade is given in Figure 1.1. 

                                                           

5 Pak Beng, Luang Prabang, Xayaburi, Pak Lay and Sanakham. 
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Figure 1.1. Overview of the mainstream hydropower cascade, upstream Vientiane, with its reservoirs. 

1.3 Spesific Case Study Activities, Outputs and Deliverables – 2nd Interim 

Phase 
The specific Case Study activities with Outputs of the 2nd Interim Phase has been outlined in the Revised 

ISH0306 ToR (February 2016), and reads as follows. 

The Output will have four components: 

1. Create hydropower operational model of the potential mainstream cascade options including: 

a. Inflows from upstream (Lancang) and estimates of the China dam’s operational 

characteristics; 

b. inflows from tributaries including the changes to seasonal outflows from tributary 

hydropower operations; 

c. assumptions of mainstream power station operation and spillway operation; 

d. sediment flushing operations; 

e. alternative fish passage flow requirements; 

f. ability to cover a range of scenarios of development – i.e. include or exclude hydropower 

developments as required. 
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2. Using appropriate hydrodynamic models, model of sediment trapping efficiency of representative 

mainstream dams and flushing operations including: 

a. Acquisition of required river cross sections, sediment flux/grading information and any 

other required data; 

b. Modelling at appropriate scale and dimensionality (2D, 3D); 

c. Trialling of a limited number of flushing options to test their effectiveness; 

d. Make recommendations on the possible duration and timing of flushing and operation 

coordination requirements; and 

e. Provide understanding of the need for joint flushing of dams. 

3. Combine the analysis of the above models to make an assessment of the effectiveness of 

alternative mitigation techniques and development scenarios including: 

a. Assess the economics of a limited number of the most promising sediment management 

and fisheries impact mitigation options (e.g. energy loss); 

b. For the most promising mitigation option, provide an assessment of the effectiveness of 

management/mitigation on cumulative sediment trapping in the cascade under the 2040 

development scenario6; and 

c. Provide a qualitative assessment of resulting sediment flux in the basin under the range 

of development scenarios and the effectiveness of mitigation options. 

4. Document findings in a Case Study Report Version 1.0 and consult at national and regional levels. 

 

The consultations and deliverables for Phase 3 has been as follows: 

 Draft #1 of the Case Study Report for internal review by MRC: - 10th June 2016 

 Comments on Draft #1 from MRC”: - 22nd June 2016 

 Draft #2 of Case Study Report and National Consultation presentations to to MRC for final 

Approval and send to NMC: - 8th July 2016  

 National Consultations:  

o Lao PDR (OSV): 10th August 2016 

o Vietnam (Hanoi): 12th August 2016 

o Cambodia (OSP):  15th August 2016 

o Thailand (BKK): 18th August 2016 

 Internal National discussions on Case Study Report: 18th August to 9th September 2016 

 Written Comments back from NMC to MRC:  9th September 2016 

 Draft Final Guidelines and Manual and Knowledge Base to MRC and NMC: 23rd September 

2016  

 Draft Final Case Study Report for Phase 3 to NMC: 23rd September 2016  

 Regional Consultations: 20-21st October 2016 

 Final Comments on the Guidelines and Reports from NMC:  21st October 2016 

 Final Reports: 7th November 2016 

                                                           

6 BDP 2030 from BDP2 has been used as the Case Study reference case. 
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2 Case Study  

2.1 The Context of the Study Base Case 
This study is aimed at understanding the effectiveness of the options to mitigate risks and impacts 

following from the construction and operation of the cascade of five mainstream dams upstream of 

Vientiane. In order to do this assessment, it is important to understand the basin-wide context in which 

these dams are considered.  

The map below shows the catchment area of the Mekong upstream of the cascade of mainstream 

dams under consideration. Already eight hydropower dams have been constructed in China on the 

upper Mekong Basin (the Lanchang Cascade). These are major dams with substantial storage which 

are already causing significant changes to the season pattern of inflows into the cascade under 

consideration. In addition the sediment loads, measured at the upper end of the cascade, have been 

substantially reduced (see Section 3.4.2). In addition, a number of the major Lao PDR tributaries 

flowing into the cascade have hydropower developments constructed, or under construction, and 

further schemes are planned on these rivers in the coming 15 years.  

 

Figure 2.1. Commissioned, under construction and planned mainstream dams ustream the Lao 

cascade on the Lancang River. 
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2.1.1 The Historic Conditions and Basin Scale Management 

The geomorphology and aquatic ecology of the Mekong has been formed through thousands of years 

of natural processes.  The historical seasonal and intra-seasonal hydrological variations across the 

topography of the Mekong basin have allowed the development of the highly productive natural 

resource on which the populations of the Mekong basin rely on for water, food and now, more 

recently, energy. 

For this project we need to understand the historical pattern and scale of the natural hydrological, 

geomorphological and aquatic ecological parameters across the whole Mekong system.  The basin is 

changing rapidly as a result of human development pressure across the region for irrigation, 

urbanisation and hydropower development.  In addition, the effects of climate change are 

exacerbating the impact of these pressures. These multiple pressures on the basin may lead to that 

the the ecosystem status will founder in unanticipated ways with unforeseen cascading and cumulative 

effects. This has been observed for other similar and large basin ecosystems with multiple pressures, 

for example the Lake Victoria Basin in East Africa (Lillehammer et al., 2010)7. 

Therefore, as we seek to measure the effectiveness of the mitigation options for the dams in question, 

we need to understand that the geomorphology and aquatic ecosystem of the Mekong is currently in 

a state of relatively rapid change as it tries to adapt to the above pressures.  The change from the 

historical state will be long term, continuous and dynamic. In many cases these changes will be 

fundamental and irreversible.  The effects are cumulative.  Therefore, while we try to understand the 

impact of one dam or a cascade of dams, and seek to mitigate that impact, the changes in the basin 

overall must be managed at a basin scale through transboundary cooperation.  

In this study we draw attention to the historical, current and planned context for these natural systems 

so that the reader can understand the relative scale of changes that are happening in the basin as a 

result of all of the above developments.  

2.1.2 The BDP 2030 Scenario 

The development of the dams in the cascade under consideration are planned to occur in the next 15 

to 20 years.  The exact timing of these developments is uncertain.  Ideally, the assessment would have 

used the same development scenarios that are being considered for the MRC’s Council Study.  The 

Council study 2040 scenario modelling results, with the associated hydropower development, was not 

available in time for this study.  The BDP2030 scenario (MRC, 2011) however, contains most of the 

Lanchang and tributary dams relevant to the assessment of this mainstream cascade.  In addition, 

these dams have been modelled using the MRC’s DSF and therefore the resulting hydrological inflows 

post development are able to be meaningfully used as inputs for this study.   

                                                           

7 Lillehammer L., Kleven T., Hagen T. Bain M. and D. Lewis. 2010. Developing Sustainability Priorities with 

a Participatory Process: Lake Victoria Basin, East Africa. In Beheim E., Rajwar G.S., Haigh M.J. and Krecek 

J. 2010. Integrated Watershed Management: Perspectives and Problems. Springer Verlag. pp 55-66. 



34 
 

 

Figure 2.2. LMB Basin Catcment upstream of Sanakham including the Lao mainstream cascade as 

well as tributary dams commissioned, under construction and planned for the 2030 scenario. 

2.1.3 Development of the Base Case for Assessment of Mitigation Effectiveness 

The impacts of the development and operation of the Lao hydropower mainstream cascade and 

consideration and the effectiveness of the mitigation must be seen in the context of these large 

Mekong Basin scale changes (as illustrated in Figure 2.1 and 2.2 and also discussed in chapter 2.1.1).  

While the study is focused on illustrating the effectiveness of mitigation of the impacts of the cascade, 

the cumulative impacts from all developments will be substantial and will need careful management 

at a basin scale.  
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The Lao cascade impact relative to tributary and UMB development has actually been investigated 

with regard to aquatic ecology and fisheries as well as sediments in the Case Study (covered in chapters 

3 and 5 of the main report). Below in Figure 2.3 and 2.4 is an illustration of one of the relative impact 

of the Lao cascade with regard to sediment loads and fisheries biomass. Note the less dramatic impact 

from historic to BDP2030 conditions for fish biomass compared to sediment loads, due to 

“unimpacted” tributary fisheries in this case. Mitigation within the cascade reduces the impacts, but 

the basin scale impacts will still dominate especially with regard to sediment loads.  

 

Figure 2.3. Sediment loads at Sanakham for historic, BDP2030, and Lao cascade conditions (with and 

withouth mitigation). 

 

Figure 2.4. Mean fisheries biomass on the area of investigation (Zone 1-3 combined) for historic, 

BDP2030 and cascade (with and withouth miytigation) conditions. 

2.2 Description of the Cascade 
The Cascade comprises of five dams with hydroelectric powerplants: Pak Beng, Luang Prabang, 

Xayaburi, Pak Lay and Sanakham. Xayaburi hydropower plant is currently under construction, planned 

to be operational in 2019, but the other hydropower plants are at less advanced stages of 

development. 

The Cascade Case Study comprises the reach from the Burmese/Lao/Thai border and gauging station 

Chiang Saen down to short upstream of Vientiane. The modelled reach starts however 50 km short of 

the Chiang Saen and has a total length of 732 km. Until the Sanakham dam site, the Mekong runs 

entirely within Laos. From Sanakham dam site, the Mekong divides Thailand and Laos. 
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Over the modelled reach, the present total head is from 342 masl to 166 masl, i.e. a fall of 176 meters. 

Thus, the average slope on this reach is 0.24 m/km, which is gentle, but still steeper than further 

downstream from Vientiane (around double as steep).  

Apart from Vientiane, the only major town located along the river is Luang Prabang. The Xayabury dam 

construction site is 100 km downstream of Luang Prabang town.   

The table below gives an overview on the planned dam locations within the Cascade reach. As 

indicated in the table, the reservoirs have lengths ranging from around 60 to 100 km. From the 

upstream end down to Sanakham, around two-thirds of the distance will be reservoirs and one-third 

having free flowing river sections. It should however be noted that these figures are highly 

approximate since there is not a sharp transition from river to reservoir. Furthermore, the distribution 

between the two groups is based on the dry season situation. During the wet season, the gradient 

through the upper reaches of the reservoirs will be larger and the transition between reservoir and 

river will be even more difficult to identify. 

Two gauging stations are located within the modelled Cascade reach, providing data for calibrating the 

model: Luang Prabang and Chiang Khan. The Luang Prabang station is located at the town of the same 

name, i.e. close to the tail end of the Xayaburi reservoir. The Chiang Khai gauging station is located 

around 22 km downstream of the Sanakham dam site, i.e. downstream from the end of the Cascade. 

Table 2.1. Length of reservoirs and river reaches. 

Reach from: Reach to: 

Cumulative 

distance from 

u/s boundary Reach length 

Reservoir 

length River reach 

    km km km km 

Model Boundary Pak Beng 0 127 73 54 

Pak Beng Luang Prabang 127 143 100 43 

Luang Prabang Xayaburi 270 129.5 80 49.5 

Xayaburi Pak Lai 399.5 121.5 80 41.5 

Pak Lai Sanakham 521 81 58 23 

Sanakham Model Boundary 602 130     

 

Figure 2.5 portrays a longitudinal profile of the Cascade. The lower outline of the blue polygon 

illustrates the thalweg in the Mekong (i.e. the lowest elevation in each cross-section), which clearly 

varies quite a lot along the longitudinal scale, frequently some 20 m over a few km. The upper outline 

of the blue polygon illustrates the water surface after construction of all five dams. The black lines 

visible above the water illustrate the elevation of the extreme ends of each cross-section.  

Due to the scale, it is difficult to discern in this figure the river reaches below each reservoir, except 

for upstream the Xayaburi reservoir. With a finer scale it would, however, have been visible that there 

is a gradient of roughly 0.5 - 2 m before the transition into reservoirs (largest upstream Xayaburi, 

smallest upstream Sanakham). The mentioned magnitude of gradients occurs in the dry season; in the 

wet season, the gradients are much larger. 
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Figure 2.5. Longitudinal profile of the Cascade. 
 

Design flow and reservoir water level 

The technical details of the Xayaburi hydropower plant are finalized, although not for the other four 

dams. As the information available is incomplete, we have chosen to use the Xayaburi design as a 

“template” for the other hydropower plants when it comes to design flow, fish passage design and 

gate capacity. These projects will need to meet the design parameters included in the MRC’s 

Preliminary Design Guidance (MRC, 2009) as a minimum standard. The design flow is scaled relative 

to the median flow at the different sites, while the fish passage and gate capacity has been copied 

from Xayaburi. 

The key hydropower data for the cascade is presented in Table 2.2. 

Table 2.2. Design flow and supply water level used in the models. 

 Design flow Full supply level Minimum supply level 

Pak Beng 4110 m³/s 340/3358 masl 334 masl 

Luang Prabang 4110 m³/s 310 masl 305 masl 

Xayaburi 5140 m³/s 275 masl 270 masl 

Pak Lay 5140 m³/s 240 masl 235 masl 

Sanakham 5140 m³/s 220 masl 215 masl 

 

 

                                                           

8 340 in wet season (jun-nov), 335 in dry season (dec-may). In scenario 1.1.0 and 1.3.0, the full supply 

level is set to 340 all year. 
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2.3 Description of Risks 

2.3.1 Hydrology and Flow  

As part of the inventory of potential risks of hydropower development on the Mekong river and its 

tributaries, a list of risks related to hydrology was identified. In the following table, reproduced from 

the Guidelines and Manual in the 1st Interim Report (MRC, 2015), these risks are summarized. 

Table 2.3.  Summary of hydrology and flow risks associated with the development and management 

of hydropower. All changes below also studied for the Lao cascade. 

Change Key Risks, Impacts & Vulnerabilities 

  

Annual / inter-annual changes to flow 

Changes in seasonality 
& continuous uniform 
release 

Change of timing & duration of floods and low flows, changes in 
flows Tonle Sap and changes in salt intrusion in the delta 

Modification of flood 
intervals: Reduction 
in occurrence of 
minor floods & no 
change in large 
events 

Changes to flood peaks and low flows; smoother hydrograph 

  

Daily / short-time period changes in flow 

Hydro-peaking Safety and navigation related changes caused by sudden rise or drop 
of water levels 

  

 

A distinction can be made into two groups of potential changes in flow regime: 

 Annual / inter-annual changes to flow 

 Daily / short-time period changes in flow 

For the larger annual and inter-annual time scale the changes depend heavily on the size of the 

reservoirs. From the analysis of the historical flow series and the comparison with recent years, it 

becomes evident that the impacts mentioned in the table are already noticeable along the entire 

Mekong main river. In comparison, the Lao hydropower cascade will have only small influence on the 

the overall annual flow regime and there are no possible measures that might mitigate the effect of 

the change in inflow from the Chinese Mekong stretch (see also Chapter 3.3.1, where this is treated 

in detail). Any development on the tributaries will be more important for the annual flow regime and 

it is likely that their impact, particularly for the case of the 3S river basins, will be noticeable on both 

the Tonle Sap reverse flow system regime as well as the hydrology (and related salt water intrusion) in 

the Mekong Delta (see also Wild and Loucks, 2014). 

For the daily / short term changes in flow, the impact of the Chinese dams is of course noticeable 

directy downstream from the Chinese border, but these changes quickly diminish downstream as the 

contribution of the tributaries along the main river course start to become more dominant. This has 

been described in detail in the chapters on the overall hydrology of the river in Volume 2 of the First 
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Interim Report (Chapter 2). Daily/short term changes in flow will however be more noticeable from 

the cascade than long term changes, especially if peak operation is implemented, but will eventually 

be dampened out downstream and hardly be noticed at Paksane and further downstream (see also 

Chapter 5.3.1.3)  

The potential impact of a series of reservoirs on the flow regime in the Mekong river should not be 

underestimated if such reservoirs are placed at another location, for example on the Mekong 

tributaries where they might lead to a major changes in flow characteristics. As was mentioned also 

earlier in the First Interim Report, the change in hydrology itself is not a major problem, but can lead 

to associated problems for the other related fields, particularly the (fish) environment, the water 

quality and the sediment transport. This is futher discussed in the following paragrahs. 

2.3.2 Sediments and Geomorphology  

Geomorphic and sediment transport risks associated with the implementation and management of 

hydropower projects are linked to flow changes (see Chapter 2.2.1 above), and the changes to the 

magnitude and pattern of sediment delivery that can occur due to hydro developments. Table 2.4 

(below) is taken from Guidelines and Manual in the 1st Interim Report (MRC, 2015), and this volume 

should be referred to for a detailed discussion of the risks as they relate specifically to the LMB. 

The case study is directing effort at investigating the risks associated with trapping of sediments within 

the impoundments of the cascade, and how flow and sediment changes affect sediment 

characteristics, processes and rates within and downstream of the cascade. Sediment flushing is 

investigated in detail, consistent with the PDG that recommends flushing as an effective sediment 

management strategy.  

Table 2.4.  Summary of sediment transport and geomorphic risks associated with the develpment and 

management of hydropower (risk specifically studied in detail for the case study outlined in grey). 

Change Key Risks, Impacts & Vulnerabilities 

  

Annual / inter-annual changes to flow 

Changes in seasonality & 
continuous uniform 
release 

Water logging & loss of vegetation leading to increased bank erosion 
Increased erosion due to increased scour (bed incision, bank erosion) 

 Winnowing of smaller sediment leading to bed armouring & reduction in 
downstream sediment supply 

 Bank scour focussed over limited range leading to increased bank erosion 

Modification of flood 
intervals: Reduction in 
occurrence of minor 
floods & no change in 
large events 

Channel narrowing through encroachment of vegetation 
Increased risk in upstream of flooding and floodplain stripping during large 
(>1:10 ARI) flood events 

Change in relationship 
of flow & sediment 
transport 

Decoupling of tributary & mainstream flows 
Erosion and / or deposition due to tributary rejuvenation 

Daily / short-time period changes in flow 

Hydro-peaking Rapid wetting & drying of banks increases susceptibility to bank erosion 
and seepage processes 

 
 
 

Increase in shear stress during flow changes increases erosion and bed 
incision 
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Change Key Risks, Impacts & Vulnerabilities 

  

Loss of river connectivity 

Disconnect between 
flow and sediment 
delivery 

Sediment availability not timed with periods of recession leading to 
decreased deposition 

 Loss of sediment ‘pulse’ 

Creation of impoundments 

Trapping of sediments Reduction in sediment availability downstream of dam leading to 
increased erosion 

 Changes to the grain-size distribution of sediment downstream 
contributing to channel armouring and alteration of habitats 

Water level changes 
within impoundment 

Lake bank erosion, increased risk of landslips 

Diversions or intra basin transfers 

Decreased flow in donor 
basin 

Channel narrowing due to vegetation encroachment 

 Armouring of beds and bars due to reduced sediment transport 

 Decrease in frequency of high flow events increases impacts of extreme 
events (upstream flooding, floodplain stripping) 

Increased flow in 
receiving basin 

Increased bank erosion and bed incision to accommodate increased flow 

 

2.3.3 Water Quality  

The water quality risks associated with hydropower development include changes to physical and 

chemical water quality parameters that can impact on impounded- and downstream ecosystems.  A 

summary of potential risks is presented in Table 2.5. 

The water quality parameters that are important to consider in hydropower developments and are 

identified in the Preliminary Design Guidance (MRC, 2009) include temperature, pH, dissolved oxygen, 

Biological Oxygen Demand, nutrients (total and dissolved phosphorus and nitrogen species) and 

coliform bacteria. These parameters can be altered during storage within a reservoir and especially 

under conditions where thermal stratification can lead to the development of stagnant water at depth.  

Guidance for maintaining water quality includes the design and management of reservoirs, which will 

achieve the water quality guidelines as set out in the MRC Technical Guidelines for Procedures on 

Water Quality. The PDG state the necessity of site – specific water quality monitoring, with the results 

to be interpreted within larger scale trends provided by the Water Quality Monitoring Network and 

Ecological Health Monitoring Network. 

The case study does not include water quality modelling, so risks associated with stratification, low 

dissolved oxygen or metal / nutrient cycling within impoundments are not included in the modell runs.  

However, the changes in the physical attributes of the system (increase in water clarity, reduced water 

velocities and increased residence time in the cascade reach) are considered within the context of 

increasing the risk of algal blooms. Also included is a qualitative discussion about the potential to alter 

nutrient transport using the silt and clay transport as surrogates for nutrients.   
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Table 2.5. Summary of water quality risks associated with the develppment and management of 

hydropower (risk specifically studied in detail for the case study outlined in grey). 

Change Key Risks, Impacts & Vulnerabilities 

  

Annual / inter-annual changes to flow 

Changes in seasonality & 
continuous uniform 
release 

Changes / loss of seasonal temperature patterns downstream 

Change in relationship 
between flow and 
sediment delivery 

Increased water clarity increasing risk of algal growth 
Increased water clarity increasing water temperature 

Daily / short-term changes in flow 

Hydro-peaking or 
fluctuating discharge 

Fluctuating water quality including increase in variability of temperature 
and nutrients 

 Altered concentrations of downstream discharges or inputs 

Loss of river connectivity 

Changes to nutrient 
transfer 

Trapping of nutrients within impoundment leading to change in 
downstream delivery 

Creation of impoundments 

Conversion of river to 
lake  

Lake stratification leading to low dissolved oxygen bearing water and 
release of nutrients, metals or pollutants from sediments 

 Increased water clarity in lake increases risk of algal blooms 

 Temperature change in lake (warmer or cooler) 

 DO and temperature of discharge affected by impoundment – Low DO or 
high gas supersaturation 

Diversions or intra basin transfers 

Diversion of water from 
one catchment to 
another 

Change in nutrient and other water quality parameters in both donor and 
receiving catchments 

 

2.3.4 Fisheries and Aquatic Ecology  

As rivers represent complex systems, any alteration to the system may cause impacts on aquatic 

organisms. In this context, changes to a river’s hydrology may not only affect fish by the alteration of 

hydrological triggers but also by related habitat alterations or impacts on other aquatic organisms 

which might then be transmitted via the foodchain to the level of fish productivity.  

The implementation of a dam or, as tested in this study, a cascade of five dams, and its associated 

changes to the river system are related to potential negative effects and risks on aquatic organisms. 

The following table provides an overview of the most important changes, their potential effect and 

related risks. A more detailed description is provided in the Guidelines and Manual in the 1st Interim 

Report (MRC, 2015). 

Table 2.6 is reproduced from the Manual cited above and the risks addressed by the mitigation 

measures in the case study are highlighted in grey. 
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Table 2.6. Changes, potential effects and risks on the aquatic ecosystem associated with hydropower 
dams (risk specifically studies in detail for the case study outlined in grey).  

Change Potential effect Risk 

Dams Habitat fragmentation  Blocked spawning and feeding migrations 

 Turbine passage Fish damages/ kills 

Impoundments/ 
reservoirs 

Loss of free flowing river sections Loss/reduction of fish species adapted to free 
flowing rivers 

 Deposition of drifting eggs/larvae Reduced reproduction success, population 
decline 

 Reduced flow velocity No orientation for upstream migrating fish 

 Stratification and temperature 
change 

Change of water temperature downstream 

 Increased visibility (algal growth & 
oxygen, temperature) 

Stress on aquatic organisms 

Blocked sediment 
transport 

Sedimentation Filling up of habitats (e.g. deep pools) 

 Sedimentation Reduced vertical connectivity (towards 
interstitial); habitat loss 

 Increased erosion downstream Loss of habitat structures (e.g. sand bars) 

  River bed incision, reduced connectivity to 
floodplains 

 Reservoir flushing Fish kills and potential damage (skin, gills) 

Seasonal flow shifts Change of spawning triggers (e.g. 
delayed onset of flood)  

Reduced reproduction success 

 Increased flows in dry period and 
decreased flow in wet period 

Changed habitat distribution and quality (esp. 
floodplains) 

Hydro peaking Fast increase of flow velocity High drifting rate of fish 

 Fast decrease of flow velocity Stranding of fish 

 Related morphological alterations 
(e.g. bed armouring) 

Habitat alteration/loss 

 Thermopeaking Disturbance/ offset of migration triggers 

Water abstraction Reduction of river dimension Reduced productivity, species alteration 

 Reduction in depth Limited passability for large species 

 Reduction in water quality (see below) 

Water quality 
alteration 

General water quality alteration Stress on aquatic organisms; loss/reduction of 
sensitive species 

 Temperature increase/decrease Loss of stenotherm species 

 Decrease in oxygen saturation Loss of species, requiring a minimum level of 
oxygen (i.e. not able to utilise atmospheric 
oxygen e.g. via lungs) 

 Release of over-oxygenated water Gas bubble disease 

 Increased nutrient load Eutrophication 

Combined effects Decrease of important food sources 
for fish (e.g. benthic invertebrates) 

Reduction of fish biomass 

 Reduction in sensitive fish species  Reduction in biomass and diversity 

 

As can be seen in Table 2.6, most of the potential effects are related to the alteration of abiotic 

parameters (e.g. flow parameters, water quality, sediments). Consequently, the risk assessment for 

aquatic organisms has to incorporate both first (abiotic parameters) and second order impacts (habitat 

alteration). While some state-of-the art mitigation measures are studied in the Lao cascade focusing 
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on some of the impacts (e.g. fish passes for restoring connectivity), other pressures may rather be 

mitigated indirectly or, in certain cases, not at all. Figure 2.6 highlights the most important risks and 

possible mitigation options, which will be described in more detail in chapter 2.3.  

It has to be highlighted, that although seasonal flow alterations are considered with no mitigation 

options in this figure, the negative impacts could of course be offset by the implementation of 

environmental flow rules which also restrict seasonal flow changes. However, since this impact is 

mostly related to larger storage hydropower plants, which are already in place in the Upper Mekong 

Basin and LMB tributaries, and outside of the cascade under consideration, it is considered as not 

mitigateable in the context of this study. Mitigation of these impacts would require further 

transboundary dialogue on options to adapt the operation of these respective large storage 

hydropower plants.  

 

Figure 2.6. First, second and third order impacts and aquatic organisms and the influence of the 
mitigation measures (dashed lines indicate a partial effect). 
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2.4 Description of Mitigation Options 
To cater for the risks and and impacts discussed under chapter 2.3, a set of mitigation options has 

been developed and is described in the following sub-chapters. 

2.4.1 Lower Dry-Season Level at Pak Beng 

This mitigation option is proposed in the feasibility study for Pak Beng to avoid impacts tat the Keng 

Pha Dai are in the Thai-Lao border during the dry season.  The normal operating level must be reduced 

during the dry season in order to avoid this impact. This measure is closely related to hydropolitical 

and transboundary issues core for the development of mainstream Mekong dams as set forth in the 

PNPCA. 

To achieve this, Pak Beng is operated at a lower reservoir level during the dry season (start of 

December to end of May).  According to the Pak Beng Feasibility Study, the normal operating level dam 

site will be 340 masl from June to November and 335 masl during the dry season. The impact of the 

impoundment is considered to be adverse only during the dry season. 

2.4.2 Flood protection at Xayabouri  

This mitigation options is included in various feasibility and design reports for Xayabury and is proposed 

to avoid flooding at the Luang Prabang town in the wet season. 

The Xayaburi Design Report states that the head water level will be lowered during flood conditions to 

mitigate the possibility of flooding at Luang Prabang town. It is suggested that the water level near the 

dam should be lowered to a level of +265.9 for a flow of 15 000 m³/s. It has been assumed that the 

drawdown must start gradually when reservoir inflow exceeds 10.000 m3/s. The Case Study however 

illustrated that to achieve the drawdown without creating dangerous flood peaks downstream of the 

dam due to rapid gate opening, the drawdown must start at a considerable smaller flow than 10 000 

m³/s. In the analysis, the flood draw-down starts when the flow exceeds between 7000-8000 m³/s. For 

flood peaks larger than 15 000 m³/s, the reservoir is kept as low as possible, with all gates fully open. 

2.4.3 Connectivity Restoration (Fish Passage) 

The disruption of river connectivity is considered the main cause of impact to aquatic organisms and 

especially migratory fish. In order to mitigate the effect of hydropower plants on aquatic organisms, 

fish passes should be considered for all existing and planned hydropower plants as referenced in the 

PDG (MRC, 2009). This does, however, require a sound understanding of the ecosystem, fish passage 

types as well as their efficiency and effectiveness under certain aquatic, ecological and biological 

conditions. Furthermore, not only upstream passage but also safe downstream passage has to be 

ensured to sustain healthy populations. 

For the cascade it is assumed, that all five dams will install, as a minimum, similar mitigation measures 

for connectivity restoration as it was planned and constructed for Xayaburi. The design criteria for the 

individual facilities with its measures for up- and downstream migration are explained in detail in 

Chapter 3.1.2 (Hydropower Design Criteria for Mainstream Cascade). 

As a minimum these facilities should include: 

 Fish passages of appropriate slope and scale to allow the wide array of fish species and sizes 

to move upstream. 

 Adaptive and flexible design systems. 
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 Properly sited and implemented attraction flows 

 Proper downstream migration structures 

2.4.4 Sediment flushing and sluicing  

2.4.4.1 Sediment movement through reservoirs 

Sediment flushing and / or sediment sluicing is used to move sediment through reservoirs through the 

manipulation of water levels to increase water velocities in the impoundment.  In general, during 

sediment flushing water levels are reduced in impoundments as near as possible to original river levels 

to promote maximum erosion of sediments that may be deposited in the original channel.  Sediment 

sluicing involves a similar approach as sediment flushing, however lake levels are reduced to pre-

impoundment levels, enabling the ‘river’ to erode deposited sediments.  This approach is efficient for 

re-mobilising sediments deposited in the pre-impoundment river channel, but is expected to be less 

effective in eroding deposits located on floodplains.  These techniques have been implemented in 

many reservoirs internationally, and have been previously identified as being applicable to the 

northern Laos Cascade (Thorne et al., 2011).  A detailed discussion of sediment management using 

these techniques and a range of international examples is contained in the Manual of the ISH0306 1st 

Interim Report (MRC, 2015), and should be consulted for details. 

Sediment flushing of the cascade was included in the Case Study for a variety of reasons: 

 Remobilising sediments has the potential to mitigate transboundary impacts associated with 

a reduction in sediment and nutrient transport downstream of the cascade; 

 Dam safety; sedimentation close to the lower spillway gates will gradually reduce their 

capacity and hamper a potential emergency drawdown. 

 Preventing an increase in upstream flooding attributable to bed level rises at the upstream end 

of impoundments due to sedimentation.   

The details, sequencing and rule curves associated with how sediment flushing is applied to the entire 

cascade is presented in Section 2.5.2.2.  In general, the following principles were used to develop the 

sediment flushing mitigation measure within the case study: 

 Downstream flows and water level changes associated with sediment flushing should be 

consistent with the MRC Procedure on the Maintenance of Flows in the Mainstream (PMFM), 

and should not present a risk to the community or the environment; 

 Water level changes within impoundments should be managed to minimise risks to the 

community and the aquatic environment; 

 Flushing should be carried out at a sufficient frequency and under appropriate constraints so 

that turbidity levels in the downstream river do not compromise the aquatic ecosystem;  

Indicators relevant to the flushing and sluicing scenarios include the volume of sediment mobilised 

from the reservoir by the event, the sediment grain-size distribution of the mobilised material, and 

the concentration of sediment in the downstream river. 
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The effectiveness of these flushing/sluicing events is measured using relevant indicators including: 

- the volume of sediment mobilised from the reservoir by the event,  

- the sediment grain-size distribution of the mobilised material, and  

- the concentration of sediment in the downstream river. 

2.4.4.2 Ecological considerations for reservoir flushing operations 

As discussed above, reservoir flushing is an important mitigation measure for sediment re-mobilisation 

and, thus, the restoration of natural sediment dynamics including the formation of type-specific 

habitats. Nevertheless, it is also associated with negative effects on physico-chemical conditions (e.g. 

turbidity, oxygen deficiency, hydropeaking) impacting fish directly (e.g. increased drift, gill and skin 

injuries, stress, fish kills) and indirectly (e.g. reduced food supply caused by increased drift and loss of 

benthic invertebrates, reduced growth, lost habitats due to sedimentation) (Kemp et al. 2011; Jones 

et al. 2012; Crosa et al. 2009; Henley et al. 2000).  

To mitigate those negative effects, the definition of certain turbidity thresholds and their compliance 

during flushing is of high importance. The intensity of impacts depends mainly on the concentration 

and duration of exposure (see figure 2.7), but also the size and texture of particles, water temperature, 

chemical and physical conditions (Stone & Droppo, 1994). In addition, other flushing-related water 

quality changes, as e.g. the release of organic matter and the consecutive oxygen depletion may lead 

to suffocation of fish and benthic invertebrates (Waters, 1995; Garric et al., 1990). 

For the Mekong, high turbidity thresholds occur naturally (i.e. 1,400 mg/l at Chiang Saen in June, see 

Figure 5.49 in chapter 5.4.1) which is why, compared to other rivers, higher thresholds can be 

considered as tolerable. 
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Figure 2.7. Relational trends of freshwater fish activity to turbidity and time (based on 
www.lakesuperiorstreams.org/understanding/param_turbidity.html and Newcombe & Jensen 1996). 

2.4.5 Flow Restrictions 

2.4.5.1 Ramping of water level changes for geomorphic mitigation 

Hydropeaking has been linked to accelerated erosion rates in downstream river banks. Rapid changes 

in water level can increase bank erosion through two mechanisms.  Frequent water level changes can 

temporarily increase the surface slope and thus the shear stress and in turn the bed and bank erosion 

(see figure 2.8 overleaf).   
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Figure 2.8. Calculated shear stresses and water levels (Delft3D model) for dry-period (January 2002) 

upstream of Vientiane for power peaking scenario. 

A second potential impact is the successive saturation and draining of river banks due to the water 

level changes.  Saturated river banks have an increased risk of bank collapse due to the elevated water 

pressures that remain in the bank following draw down in the river. 

Both of these risks can be reduced by restricting the rate at which water level decreases in a river.  

Slower changes to water level will maintain water slopes at lower grades and hence limit shear stress.  

Low draw down rates will also allow water to drain from rivers at a similar rate to the decrease in water 

level, thus reducing the slope and energy of the water draining back into the river. The defined ramping 

rates are considered suitable to offset some of these risks.  

2.4.5.2 Ramping rates for control of water levels under hydropeaking – Fish  

2.4.5.2.1 Peaking operations 

The impact pathways from hydropeaking are highly complex and there are still substantial knowledge 

gaps with regard to cumulative effects and impact mitigation. Especially for the development of 

suitable mitigation measures, knowledge and clear understanding of mechanisms and relationships 

causing the impacts are necessary. In general, hydropeaking has a high impact on ichthyoplankton and 

juvenile age classes, which are exposed to the risk of high drift rates (during upramping events) and 

stranding (during downramping events). Although stranding may also occur naturally, the high 

frequency of flow fluctuations can cause cumulative mortalities with significant fish losses (Bauersfeld, 

1978; Hamilton & Buell, 1976; Olson & Metzgar, 1987).  

Schmutz et al. (2014) used an extensive field dataset to analyse the impact of different types of 

hydrological and morphological indicators in combination with fish community data. Their results 
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demonstrated that fish react to a combination of peak frequency, ramping rate and habitat conditions, 

with an equal importance of habitat and flow criteria. Consequently, effective mitigation measures 

should consider the complexity of hydromorphological processes determining the functional 

(hydraulic) habitat conditions (Schmutz et al., 2014).  

The negative effects of hydropoeaking can be mitigated (or reduced) by adapting the operation mode 

(ramping rates) of the hydropower plant. The most important aspect in this context is the deceleration 

of downramping after a peak period. Comparisons with the natural hydrograph of the Mekong resulted 

in the following values.  

Table 2.7. Natural flow variations in m/hour (based on daily means of historic water level changes). 

 
decreasing water level 

(~60% of the time) 
increasing water level 

(~30% of the time) 

1% percentile 5% percentile 95% percentile 99% percentile 

Luang Prabang -0.030 -0.020 0.041 0.076 

Sanakham Dam -0.025 -0.015 0.028 0.051 

Vientiane -0.022 -0.013 0.024 0.045 

Paksane -0.020 -0.013 0.025 0.037 
(Percentiles were calculated independently for decreasing and increasing events) 

As the table indicates, decreasing events occur over 60 % of the time and slower than increasing events 

(which occur only 30 % of the time). Since these values were calculated based on daily data, within-

day variations remained undetected and could result in higher values. However, these values might 

only occur for short periods over the year (e.g. after heavy precipitation events) and can also go hand-

in-hand with natural high drift rates and stranding. Under consideration of the presented values and 

literature (e.g. Schmutz et al., 2014) downramping was initially limited to 0.05 m/hour and upramping 

to 0.2 m/hour. However, since the modelling process allowed only the consideration of one threshold 

for up- and downramping, the ramping was limited to 0.05 m/hour for rising and falling water levels. 

In general, also the reduction of the peaking amplitude (e.g. by increase of the base flow and/or 

decrease of the hydropower capacity) should be considered. Within this study, however, limitations 

were only given to the variation of headwater levels (see chapter 2.4.5.4). 

2.4.5.2.2 Flushing operations 

Flushing is meant to be timed with natural flood peaks with the aim of removing accumulated 

sediments. Since it usually does not occur more than once a year, higher ramping rates can be 

considered, compared to daily peaking-operations. Within this study, draw down operations were 

limited to a rate of 0.1 m/hr and filling operations to 0.2 m/hr. 

2.4.5.3 Minimum environmental flow  

MRC Preliminary Design Guidance (PDG, 2009), stipulates to incorporate “instream” flow 

(environmental flow, minimum flow) considerations. While minimum flow limits are mostly defined 

for out-of-river-diversions, they should of course also be considered for other types. For the Mekong 

mainstream, minimum flow limits may be relevant for hydropower dams allowing some degree of 

hydropeaking, to ensure that the river does not fall dry during the drawdown hours. Minimum flow 

limits should be based on natural flow conditions in the respective river (as also set forth in the PMFM, 

MRC, 2009). For the cascade, Q95 of the annual discharges (for historic conditions, before the Chinese 
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and tributary dams were implemented) was defined as a minimum flow limits, which resulted in the 

following values for the respective sites: 

- Pak Beng and Luang Prabang 830 m³/s 

- Xayaburi    910 m³/s 

- Pak Lay and Sanakham  925 m³/s 

These values should represent the absolute minimum discharge provided by the hydropower plant, 

to support downstream ecosystem functioning. 

2.4.5.4  Limitation to reservoir level fluctuation 

A maximum limit of 50 cm up and down in reservoir level each day is introduced in some of the peaking 

scenarios. The 50 cm amplitude in reservoir level was originally discussed at Xayaburi as a possible 

mode of operation, and is a value that is expected not to cause safety, navigation or environmental 

problems.   In addition, if a minimum flow limit is applied, the daily amplitude could be much bigger 

than 50 cm in the dry season anyway; else, the reservoir would not have sufficient time to re-fill in the 

eight-hour off-peak period. 
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2.5 Description of Scenarios 

2.5.1 Overview 

A tentative list of scenarios and options was discussed with MRC member countries in August 2015 

and sescribed in Volume 3 of the 1st Interim Report (December 2015). These scenarios have now been 

refined and detailed during the 2nd Interim Phase and will also be further studied in the Final Phase 

(2017). In 2016, the focus has been on scenarios/sub-scenarios with options related to fisheries and 

sediment impact mitigation whilst assessing their impact on flow, fisheries and aquatic ecology, 

geomorphology and sediment transport as well as water quality. This impact assessment has been 

undertaken in three predefined sections, namely: 

(i) Zone 1: In the cascade itself (Pakbeng reservoir to Sanakham dam), 

(ii) Zone 2: From Sanakham dam to Pakxan, and  

(iii) Zone 3: From Pakxan to Pakse.  

 

Figure 2.9. Map over cascade reach and the three impact assessment sections/zones (Zone 1 = 
pink, Zone 2 = green, Zone 3 = orange). 
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Further testing and assessment of the scenarios/sub-scenarios, based on the outcome of this 

Phase will be implemented in the Final Phase (2017). Additional scenarios, also with a wider scope, 

will also be introduced, including assessing impacts of implementing similar mitigation options on 

mainstream dams downstream of the Lao cascade. These are described in Chapter 7.2 of this 

report.  Tables 2.8, 2.9 and 2.10 give an overview of the scenarios and sub-scenarios in detail and 

the mitigation options (described in Chapter 2.4) that have been tested, cumulatively added and 

analysed in 3 main scenario groups, namely;  

(i) The Run-of-River Scenarios (Table 2.8),  

(ii) The Sediment Flushing Scenarios (Table 2.9), and  

(iii) The Hydropower Peaking Scenarios (Table 2.10).  

A more detailed description of the scenarios are given in the text following these tables (Chapter 2.4.2).  

Table 2.8. Scenarios 1.1 – Run-of-River 

 Overview of mitigating measures included in each modelling scenario 

Scenario 
Lower dry-season WL 

at Pak Beng 

Flood drawdown of 

Xayaburi 

Fish pass  

(40 m3/s) 

1.1.0 - - - 

1.1.A X X - 

1.1.B X X X 

 

Table 2.9. Scenarios 1.2 – Run-of-River with Sediment Flushing. 

 Overview of mitigating measures are included in each modelling scenario 

Scenario 

Lower dry-

season WL at Pak 

Beng 

Flood drawdown 

of Xayaburi 

Minimum flow 

(Q95) 

Fish pass  

(40 m3/s) 
Start of flushing 

1.2.0 X - - - 1. Aug 

1.2.A X - - - 20. Jun 

1.2.B X - - - 1. Aug 

1.2.C X - X X 1. Aug 
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 Overview of mitigating measures are included in each modelling scenario 

Scenario 

Lower dry-

season WL at Pak 

Beng 

Flood drawdown 

of Xayaburi 

Minimum flow 

(Q95) 

Fish pass  

(40 m3/s) 
Start of flushing 

1.2.D X X X X 
1. Nov 

(fast flushing) 

 

Table 2.10. Scenarios 1.3 – Hydropower Peaking. 

 Overview of mitigating measures are included in each modelling scenario 

Scenario 

Lower dry-

season WL at 

Pak Beng 

Flood 

drawdown of 

Xayaburi 

50 cm 

operation 

interval 

Minimum 

flow  

(Q95) 

Fish pass  

(40 m3/s) 

Ramping: 

limitation 

 (< 5 cm/h) 

1.3.0 - - - - - - 

1.3.A X X X - - - 

1.3.B X X X X - - 

1.3.C X X X X X - 

1.3.D X X X X X X 

1.3.E X X X X X Sanakham only 

 

2.5.2 Details of the Scenarios 2nd Interim Phase 

2.5.2.1 Scenarios 1.1 Run-of-river 

In Scenarios 1.1, the hydropower plants operate as run-of-river schemes. Except for during floods, the 

reservoirs will constantly be kept at full supply level, and the discharge through the power station and 

spillway is equal to the incoming flow. The sub-scenarios constitute the following: 

1.1.0 No mitigation measure are applied in this scenario. 

 

1.1.A Introduction of the low water and flood mitigations:  Lower reservoir level at Pak Beng by 5 m 

during the dry season (December to June). Flood protection draw-down at Xayaburi for floods 

exceeding 7000 - 8000 m³/s. 

1.1.B Same as 1.1.A, but include the flow requirements for fish passages (40 m³/s). 
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2.5.2.2 Scenarios 1.2 Sediment flushing  

For routing and scouring sediments in the reservoirs, flushing and sluicing operations aim at drawing 

down water levels to increase flow velocity and shear rates. This operation is more effective when the 

water level is drawn down to its lowest possible level and at a faster rate; this will increase the erosion 

and transport capacity. 

In these scenario’s we consider 2 modes: 

- Flushing = water levels are drawn as low as possible, with a fixed down-ramping rate of 0.1 

m/hr (for minimizing environmental side effects).  Faster rates are also tested (for increasing 

the effect and reducing the duration). During the operation, the power station will go offline 

when the head water level drops below the MOL. When the lake is fully empty, gates are kept 

open for 1 day, before the start of filling. For filling a faster rate is proposed (e.g. 0.2 m/hr) 

than for emptying (0.1 m/hr). 

- Sluicing = water level is reduced to and maintained at MOL (minimum operating level, such 

that power stations can remain online) while the project immediately upstream is beiong 

flushed. 

- Return the lake to FSL at rate of 0.2m/hr. 

In Scenario 1.2, when flushing the full cascade, we propose a progressive flushing operation, in which 

reservoirs are flushed sequentially, starting from downstream. The rationale behind this progression 

is to limit the magnitude of the sediment ‘pulse’ released from Sanakham to the downstream 

environment.  If the impoundments were sequentially flushed from upstream to downstream, there is 

the potential for a very large sediment pulse to be released, as sediment from five impoundments 

could be released at once.  Completing flushing in an upstream direction effectively limits the quantity 

of sediment to be released downstream to the volume contained in one impoundment only.   

Flushing and sluicing operation is then carried out in the following way:  start flushing Sanakham (lower 

reservoir) first with down-ramping 0.1 m/hr, then fill to MOL (allowing power station operations to 

recommence), and then start flushing of the next lake (Pak Lay). Some of the sediment from the lake 

upstream is sluiced through the downstream lake, since it is kept at MOL for that period allowing 

increased sediment transport (due to increased water slope). After flushing is finished at Pak Lay, the 

water level in Pak Lay is increased to MOL, and the water level in Sanakham is increased back to normal 

supply level. This sequence is continued for all reservoirs. The procedure is illustrated schematically in 

the following diagram. In the model, the first flush of Sanakham always starts at a fixed date, for 

simplicity. 
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Remarks regarding the flushing strategy: 

 The start date of the flushing procedure should coincide with the projected onset of high water 

flows and sediment loads, as flushing is more effective when the flow and sediment inputs to 

the reservoirs are high. 

 The choice of a fixed start date in this analysis, was adopted as it allows easier planning and 

analysis for this study, and decouples the operation from uncertain hydrological conditions. 

However, it is very well possible that a start date based on forecast floods is a more appropriate 

choice to improve the effectiveness in real time. 

 The progressive flushing sequence should start at the downstream dam and sequentially move 

upwards. When starting from upstream, the flushed sediment of each dam is expected to 

accumulate in the next impoundment. Hence, while working downstream, this sediment from 

upstream cumulates further down, and may lead to increasing sediment loads in the lower 

reaches. By starting downstream, sediment is pulsed through the cascade in a more 

controllable way. 

The way to operate the cascade is proposed for 4 sub-scenarios as follows: 

1. Scenario 1.2a: Carry out flushing and sluicing every year in the proposed progressive sequence, 

by starting the draw down every year on June 20. Drawdown rate is 0.1 m/hr. The start date 

refers to roughly the start of the wet season (BDP2030 series), with a 50% exceedance 

probability discharge of 2100 m3/s and a 90% exceedance probability discharge of 2800 m3/s 

at Chiang Saen, and with a 50% exceedance probability discharge of 3400 m3/s and a 90% 

exceedance probability discharge of 4200 m3/s at Sanakham. In this period it is expected that 

the highest concentrations of fine sediments occur. Filling rate is 0.2 m/h. 

2. Scenario 1.2b: Carry out flushing and sluicing every year in the proposed progressive sequence, 

by starting the draw down every year on August 1. Drawdown rate is 0.1 m/hr. The start date 

refers to a period with high discharges, with a 50% exceedance probability discharge of 3900 

m3/s and a 90% exceedance probability discharge of 6000 m3/s at Chiang Saen, and with a 50% 

exceedance probability discharge of 7300 m3/s and a 90% exceedance probability discharge of 

10,000 m3/s at Sanakham. Filling rate is 0.2 m/h. 

3. Scenario 1.2c: Carry out flushing and sluicing every year in the proposed progressive sequence, 

by starting the draw down every year at August 1. Apply a minimum flow requirement during 

filling, and include fish passage flow during the full flushing cycle. Drawdown rate is 0.1 m/hr, 
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filling rate 0.2 m/h. This scenario is similar to 1.2b, except for the environmental flow and fish 

passage. 

4. Scenario 1.2d: Carry out flushing and sluicing every year in the proposed progressive sequence, 

by starting the draw down every year on November 1. Apply minimum flow requirement 

during filling, and include fish passage flow during the full flushing cycle. Drawdown and filling 

rates is increased to 1.0 m/hr. The start date refers to a period with dropping discharges after 

the peaks of the wet season. It has a 50% exceedance probability discharge of 3000 m3/s and 

a 90% exceedance probability discharge of 5000 m3/s at Chiang Saen, and with a 50% 

exceedance probability discharge of 4600 m3/s and a 90% exceedance probability discharge of 

6500 m3/s at Sanakham. A late flushing operation may benefit from the reduced sediment 

loads coming from the catchments in the second half of the wet season. 

Scenarios 1.2 all include dry season draw down at Pak Beng reservoir. 

2.5.2.3 Scenarios 1.3 Hydro-Peaking 

The 1.3-scenarios have peaking operation. In peaking operation, the hydropower plant is operated to 

increase the income by generating more power during the peak hours, and less power during the off-

peak hours. This is undertaken by storing some of the inflow during the off-peak hours to be used in 

the peak hours. The reservoir is lowered during the peak period, and filled during the off-peak period. 

The peak- and off-peak periods is based on the Thailand weekday tariffs (see chapter 3.2). Peak period 

is from 06:00 to 22:00 hours, while off-peak period is from 22:00 to 06:00 hours.  

The following sub-scenarios are used: 

1.3.0 No mitigation measures. Peaking of 1-1.5 metres. 

1.3.A Lower supply level at Pak Beng during the dry season. Flood protection draw-down at 

Xayaburi. Maximum peaking 0.5 metres. 

1.3.B Same as 1.3.A, but a minimum flow equal to the Q95 is introduced. 

1.3.C Same as 1.3.B, but flow for the fish passages (40 m³/s) is included. 

1.3.D Same as 1.3.C, but limit to the ramping rate during peaking operation (max 5 cm/hour) 

1.3.E  Same as 1.3.C, but limit to the ramping rate during peaking operation (max 5 cm/hour) at 

Sanakham. 

2.5.2.4 Scenario 1.4 – Opening of Gates 

During the 1st Interim Phase we considered an additional scenario 1.4, to open the low gates and/or 

navigation locks to allow for fish migration. However, this option has not been pursued further in this 

analysis because it was found that (a) the velocities were too high to allow for fish migration through 

the spillway gates of Xayabury and (b) the suitability of the navigation lock for fish migration was 

doubtful. The velocities through the spillway gates were estimated to be ca. 7 m/s at low flows, and 

more than 10 m/s at higher flows. It is our intention, however, to reconsider scenario 1.4 in the Final 

Phase (2017), and evaluate it against other promising aoptions. 
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3 Methods to Assess Mitigation and Economics 

3.1 Genral Overview 

3.1.1 Multicriteria Assessment and Indicator Framework  

The multicriteria assessment and indicator framework developed for the ISH0306 comprises four large 

scale criteria that address the potential economic, physical, ecological and biodiversity dimensions 

associated with development of the cascade, and identifies desired outcomes with respect to 

hydropower mitigation measures (See table 3.1). Each of the desired outcomes is characterised by one 

or more sub-criteria that can be linked to quantitative and qualitative indicators.  The indicators are 

further applicable to each scenario group and sub scenarios (1.1 to 1.3) and also assessed at 3 spatial 

scales as described in chapter 2.5, namely (i) Zone 1 - within the cascade; (ii) Zone 2 - from Sanakham 

dam to Paksan; and (iii) Zone 3 - from Paksan to Pakse (see also chapter 2.5.1). 

Wherever possible, indicators have been identified that can be quantitatively assessed using the 

modelling results with recent or historic monitoring or modelling results (BDP, Council Study, DSF) 

providing a context or reference for evaluation, if applicable.  Where indicators cannot be directly 

measured, a qualitative assessment of the indicator has been made based on known relationships and 

responses of indicators, using Mekong specific information wherever possible.  

The indicators coincide well with indicators previously identified by the BDP and other MRC initiatives 

(ISH0306, Council Study). This will make the assessment of the ISH0306 relevant to other investigations 

and projects. 

Table 3.1. Multicriteria indicator framework for ranking for mitigation measures in each scenario group 

(filled in tables are found in Annex F with main reporting and discussion of results in chapter 5). 

Desired 
generic 

outcomes 
Indicators Measures 

Net 
economic 

benefit 

Energy revenue * USD 

Investment in mitigation * USD 

Value of fishery products * USD 

Value of sand & gravel 
downstream * Million USD Sand & gravel 

Value of silt & clay 
downstream * Million USD silt & clay 

Maintain 
flows (flood 

pulse) 
Near natural river flows   

* flow volume of the wet season (Mio m³)  

* duration of the wet season (days)  

* onset of wet seasons (date)  

Maintain 
existing river 

channel 
habitats  

 

Sandbanks, riparian zone  

* hourly dewatered area for quick downramping operations 
(ha/hr) 

* length of downstream river section impacted by peaking 

*Changes to channel volume over 1st 7 years (Mm3/yr):  + = 
deposition, - = erosion  

Deep pools, rapids 
* quality/quantity of deep pools  

* quality/quantity of rapids  

River dimension * mean water depth in the cascade 
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* mean water surface of the cascade compared to historic 
condition 

Maintain 
river 

connectivity 

Sediment transfer  

* sediment transport - medium sand and larger  (*103 ton) 

* sediment transport - fine sand (*103 ton) 

* sediment transport - silt and clay (103 ton) 

* seasonal timing of sediment delivery (% Sed Load during Aug'-
Dec) 

* median sediment grain'-size being transported 

Connectivity for fish 

* DCI Strahler  

* DCI Migr  

* cumulative upstream passage efficiency in cascade 

* cumulative downstream mortality (large species) 

* cumulative downstream mortality (small species) 

* months with flow velocities <0.2 m/s within the cascade 

* delay of larvae drift in days (for months with velocities <0.2m/s 
in the cascade) 

Maintain 
water quality 

Water Quality 

* residence time impoundment during Dry Season  (days) 

* turbidity/water clarity  (% of time suspended solids <50 mg/L) 

* percent of time with vel <0.4 m3/s 

* turbidity during flushing events 

* nutrient transport (Silt & clay used as surrogate) 

Maintain fish 
production  

Overall fish biomass 
* overall fish biomass 

Biodiversity Overal biodiversity  * Biodiversity of fish and aquatic organisms (qualitative) 

 

The initial assessment of the mitigation scenarios is presented and discussed by thematic area 

(geomorphology, sediment transport, water quality, fish, aquatic ecology, biodiversity) in Chapter 5. 

These results are then integrated and ranked with respect to the ‘desired outcomes’ identified for each 

mitigation scenario.  Finally, the rankings are combined to provide an overall assessment of each 

scenario with respect to the four overarching generic outcomes. 

For the cross indicator ranking, a common assessment schema has been developed and constitutes as 

follows: 

Table 3.2. Common assessment schema for indicators. 

Scoring by indicators 
based on measures 

Level of significance 

+3 
Most of the risks are mitigated 

+2 
There is a significant and substantial 
increase, some of the risks are 
mitigated 

+1 There is a significant increase, but the 
increase is still weak 

0 No significant effect of mitigation 
measures (no increase or decrease) 
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Scoring by indicators 
based on measures 

Level of significance 

compared with base case (no risks are 
mitigated) 

-1 There is a significant decrease, but the 
decrease is still weak, worse than the 
base case 

-2 There is a significant and substantial 
decrease 

-3 There is a significant and severe 
decrease 

-- Not relevant (indicator not targeted by 
mitigation measure) 

 

The range set above, indicating positive to negative impact of implementing the scenarios with its 

mitigation options, used scenario 1.1.0 as the reference for the scoring of the other sub-scenarios and 

mitigation options. A select set of the most promising indicators, from the table in Annex F, which gave 

the greatest varieties in scores was choosen for the multicriteria assessment. They were as follows: 

1. Energy Revenues (USD) 

2. Value of Fishery Products (USD) 

3. Sediment Transfer (pooled for the various size ranges) 

4. Nutrient Transport  

5. Connectivity for fish (pooled DCI indices for the basin) 

6. Overall biodiversity loss (fish and other aquatic organism) 

These were then cumulatively added (summed up) for each of the scenarios, indicating the range of 

benefits and impacts. The analysis of the most promising scenarios with regard to this is discussed and 

reported in Chapter 5.7. The Multicriteria assessment will however need refinement and will be further 

developed in Phase 4, 2017.          

3.1.2 Hydropower Design Criteria of Mainstream Cascade 

The layout and design of the mainstream Mekong hydropower schemes will be conventional and 

follow established practice for projects of this type in other parts of the World. However, the 

introduction of environmental mitigation measures will require additional design considerations, also 

with reference to the PDG (MRC, 2009).  The most important of these considerations is described in 

the subsequent sub-chapters.  The design details for the majority of the cascade was not available to 

the study team apart from the Xayabury project which has been studied in detail for the PNPCA process 

over a number of the preceding years.  

3.1.2.1 Upstream migration facilities 

The design criteria for upstream and downstream fish passage have been discussed in detail in Volume 

2, the ISH0306 Manual (MRC, 2016). As noted above, very few details of fish passage design were 

available for this analysis.  Therefore, as the Xayaburi project includes a complex fish passage system 

for upstream and downstream migration, it is assumed that similar arrangements will also be 

implemented for the other mainstream schemes (see also Chapter 2.2). An important consideration 

for the Mekong projects are the very large attraction flows that are required, these systems have been 
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designed to minimise the generation loss that would otherwise be associated with large attraction 

flows. The general arrangement is shown in Figure 3.1. 

 

Figure 3.1. Xayaburi Fish Passage System (Source: XPLC). 

The upstream fish passage system comprises a series of collecting galleries with various openings 

above the turbine draft-tube outlets, entrances at the lower velocity zones at the left and right ends 

of the power station, and an entrance at the spillway sidewall in the intermediate block. This system 

requires a combined attraction flow of 90 m3/s during the dry season and 240 m3/s during the wet 

season. These figures are significant when compared to the design generation flow for the project of 

5,352 m3/s. To minimise energy loss some of the attraction flow is delivered from the tailwater by 

Pumping Station No 1. When the river discharge increases above the full station capacity in the wet 

season water from the head pond can be used to feed the system without generation loss. 

The design head for Pumping Station No 1 is 2.85 m and the discharge varies between 73 and 160 m3/s 

depending on tailwater level. The remainder of flow in the system comes from the fish ladder and from 

the head-pond once spilling is in progress. A scheme of the system is shown in Figure 3.2. 



61 
 

 

Figure 3.2. Upstream Fish Migration Scheme (Source: XPLC). 

Once fish have been attracted into the system a fish ladder and double lock system on the left bank 

provides passage to the head pond. The ladder requires a discharge of up to 40 m3/s which is delivered 

via 2 x 4 MW auxiliary turbines powered by water from the head pond. This arrangement recovers 

some of the energy loss resulting from the flow bypassing the power station. The head on the auxiliary 

turbines is approximately 22 m. This energy is used for station services. The combined system largely 

avoids the generation loss that would otherwise occur during the dry season to provide the required 

upstream attraction flow of 90 m3/s. The assumed loss due to the fish passage is estimated to 40 m³/s. 

This value is chosen as a constant release for all dams (see also Chapter 2.4).  

Fish migration has been extensively studied in the Xayaburi project. Some key issues are summarized 

as follows. A DIDSON camera was used to assess the time and biomass of migrations. The results 

identified a migration peak in May (onset of the wet season) with 1,200 kg/hr on average and peaks 

up to 5,000 kg/hr. 60 to 70 % of the species were less than 30 cm long. A total of 120 species were 

sampled which are also widely found throughout the middle Mekong, with several considered as 

migratory. 28 species were selected for further assessments (e.g. swimming abilities) considered for 

fish pass design. The tests resulted in swimming speeds of 8-20 BL/second. Consequently, the 

maximum flow velocity was set to 1.4 m/s with some slots also providing lower velocities (see figure 

3.3). The slots are between 0.5 and 1.6 m wide. The individual pools are 10 m long and 18 m wide and 

have an energy density of <45 W/m. The total length of the fish pass is 460 m and has a slope of 1.2 %. 

At the upstream end of the technical fish pass, two transfer facilities (i.e. combinations of fish lifts and 

fish locks) are installed which show a minimum depth of 4 m and are 5 m wide. The small small channel 

connecting the fish lift to the headwater is equipped with a monitoring station (Coe, 2015). 



62 
 

 

Figure 3.3. Flow velocities in the upstream fish pass (Coe, 2015). 

In addition to the fish pass, the ship lock was fitted for fish passage and equipped with a crowder. 

However, as this option might not be perceptible without sufficient spillflow on the right side of the 

dam, this option is only supported during the wet season. There is room for an additional fish lift, which 

could be added at a later stage if considered necessary. 

The effectiveness of the fish pass system need to be studied and monitored once Xayaburi is put in 

operation in 2019. 

3.1.2.2 Downstream migration facilities 

For downstream migration, three different passage routes are available for fish: the turbines, the 

spillway and the downstream migration facility (chute). Some individuals might also find their way 

through the ship lock, but their proportion is considered as negligible. 

In general, the power generation flow will be the most dominant attraction for downstream migration. 

Since most fish follow the main current or are passively transported by it (especially ichthyoplankton), 

a large proportion of downstream migrating fish will choose this route. In order to reduce fish injury 

and mortality the turbine design has been modified as follows: 

- the number of blades has been reduced from 6 to 5; 

- the machine speed has been reduced from 125 to 83.3 rpm; 

- introduction of minimum gap geometry; 

- improved guide vane geometry and 

- adoption of oil free runner hub designs. 

Similar designs adopted on other “fish friendly” turbines result in reduced fish injury and mortality. 

Reducing the rotational speed of a turbine requires a physically larger machine and power station 

building.  

The clear bar spacing on the trash screens at Xayaburi is 120 mm wide, which will prevent fish larger 

than 100 cm in length. A conventional rectangular screen bar profile has been adopted. Rounded 
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leading edges and curved profiles can contribute to reduced fish injury. Retrofitting is possible, if 

required.  

When the river discharge exceeds the full station capacity the opened spillway gates will provide an 

additional route for downstream fish migration in the right channel. However, since both turbine and 

spillway passage may be related to injuries, a collecting gallery with openings above the power intakes 

is provided for surface oriented fish. An attraction flow of 120 m3/s for this system is provided from 

the head pond. This discharges into an upper collecting pond which is then intermittently sluiced down 

a chute to the tailwater once sufficient fish have been collected. A minimum depth of 2 m is ensured 

in the chute. It is anticipated that sluicing will occur approximately three times per day. Water in the 

collecting pond is then pumped back to the head pond by Pumping Station No 2. With this 

arrangement, only a small proportion of the downstream attraction flow of 120 m3/s is lost to 

generation (Morier-Genoud, 2015). 

3.1.2.3 Low Level Sluices 

The reservoir sluicing strategy envisaged in scenario group 1.2 requires the incorporation of low-level 

sluices in the design of the mainstream Mekong projects.  Low-level sluices are specifically required 

for the Xayaburi and Pak Beng schemes to limit upstream back water levels during flood events.  Low-

level sluices provide a component of the required spillway discharge capacity and their provision is 

therefore not additional.  However, it is generally more costly to provide low level flood control 

structures than simple gated crest arrangements.  The division of spillway capacity between surface 

gates and low-level sluices depends on the release capacity required to draw down the reservoir.   

A typical distribution of high and low level gates is shown in Figure 3.4.  An important consideration 

when selecting the gate configuration for this type of arrangement is to avoid re-circulation in the 

downstream discharge since this can cause damage and inefficient operation.  Longitudinal dividing 

walls between the high and low level sluices are often required to supress this phenomena.   A physical 

model is generally required to finalise the layout and determine acceptable sequences for gate 

opening. This has been undertyaken for the Xayaburi case. 

Low-level sluices are also required to convey sediment loads and this requires consideration in their 

design.  A lintel sealed radial gate is generally adopted for this application because this type of gate 

does not require slots in the sidewalls.  Slots tend to become locations for sediment accumulation 

although water jets can be incorporated in the base of the slots to keep them clear. 

 

Figure 3.4. Typical High and Low Level Outlet Gates. 

Sluices designed for sediment discharge can be subject to abrasion.  This can normally be resisted by 

suitable choice of concrete mix design, particularly compressive strength and selection of aggregate 

type.  The introduction of polypropylene fibres is sometimes adopted when the sediment comprises 

gravels and cobbles that might otherwise cause impact damage. 
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3.1.2.4 Navigation Locks 

The normal operation of the mainstream projects in Scenario Group 1.1 and the peaking operation 

envisaged in Scenario Group 1.3 will not require any usual design provisions for the navigation locks.  

However, the large reservoir level changes proposed in Scenario Group 1.2 will require careful 

consideration.  River navigation will not be possible during the reservoir sluicing and flushing as most 

river crafts will be stranded during this operation (estimated duration for fast flushing is 4 days more 

modest down-ramping rate of 0.1 m/hour will take 11-12 days for Xayaburi).  The large changes in river 

level will impose usual design conditions on the navigation locks and lock gates and these conditions 

will need to be taken into account when the structures are designed. 

3.1.2.5 Turbine Design 

The sluicing and flushing programme proposed in Scenario Group 1.2 will result in high volumes of 

sediment in suspension passing through the waterways.  It may be possible to reduce the commercial 

loss resulting from this process by keeping the turbines running for some of the sluicing and flushing 

cycle.  The density of sediment in suspension and the minerology should be monitored during this 

operation and the generating plant should be shut down if damaging levels of sediment concentration 

are reached.  Abrasive minerals, particularly quartz, can cause extensive metal loss and damage the 

profile of the turbine runner blades, causing a permanent loss of efficiency.  Various types of surface 

hardening and protective coatings are available for turbine blades but these require specialist 

maintenance.  Guide vane and stay vane assemblies are also susceptible to abrasion damage and are 

less straightforward to repair.  

A further challenge caused by high turbidity is the choking of cooling water filters.  Low cost cooling 

water designs are usually based on a primary circuit where water is drawn from the river, passed 

through the plant cooling water system and then returned to the tail bay.  These raw water systems 

need inline strainers to remove suspended particles from the cooling water, and these strainers can 

become quickly clogged if sediment loads are too high.  Duty and standby systems are always provided 

but if the back flushing process cannot be undertaken sufficiently quickly then the filter will choke and 

generating plant will need to be shut down. 

3.1.3 Criteria for Different Modes of Hydropower Operation 

The normal operating scenario group 1.1 does not represent any usual operating challenges since it is 

a pure run of river approach.  Generation forecasting will form an important part of the normal 

declaration procedure and data from a catchment hydrometric system and dispatch patterns of 

upstream schemes will be required.  Protocols for information sharing will need to be developed by 

the owners of the different schemes on the cascade.   

Similarly, the peaking operations considered in scenario group 1.3 will not create any unusual 

operational challenges provided the peaking cycle remains within agreed limits and operating plans 

are shared between the projects.  A key constraint for peaking will be the time required to restore the 

reservoir level during the off peak period whilst maintaining a suitable minimum downstream flow.  

Peak and off peak discharges and periods will need to be developed within agreed constraints and 

details of the proposed sequence will need to be shared with projects downstream.  

The reservoir sluicing and flushing strategy proposed in scenario group 1.2 will require a much greater 

level of co-ordination and planning between the projects on the Mekong. This is achievable but the 

commercial challenges and cost of lost generation will be considerable (see also results on effect of 
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revenue in chapter 5.2). The current structure of Concession Agreements and Power Purchase 

Agreements is not designed to accommodate such detailed co-ordination between projects.  It is likely 

that a river basin management authority would be required to manage such process and to regulate 

commercial arrangements with power off takers.  

In the long term, a more manageable approach would be for the developers to be paid for available 

capacity and not energy. The projects could then be dispatched by a central authority to achieve 

optimal cascade performance within defined environmental limits.  Examples of such an arrangement 

with successful undertaking can be found for the Glomma and Laagen Basin Management Authority in 

Norway (Lillehammer, 2011)9. This approach would make it more straightforward commercially for the 

downstream scheme to be operated differently in order to re-regulate disturbances to the natural river 

discharge introduced by the upstream projects. 

3.2 Sites for criteria assessment 
For the impact and mitigation assessment, some criteria were assessed on a larger scale, while others 

were calculated for discrete sites along the study area (i.e. within and downstream of the cascade; see 

also Figure 3.5). Furhtermore, some of the sites were named according to cities or villages, while others 

were chosen on the basis of their respective locations within or downstream of the cascade (e.g. based 

on a certain distance). For those cases, the ISIS cross section code was used as a reference. 

 

Figure 3.5. Assessment sites (points) and zones (red = upstream of Sanakham dam; yellow = between 
Sanakham dam and Paksane; grey = Paksane to Pakse) along the Mekong mainstream (for some 
sites, river-km are indicated in brackets).  

                                                           

9 Lillehammer L. 2011. Glommen and Laagen Basin – Case Study Report: Benefit Sharing and Hydropower: 

Enhancing Development Benefits of Hydropower Investments Through an Operational Framework. World 

Bank.  
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At the dam sites, there has to be a distinction between measurements taken a) upstream of the dam 

(headwater), b) on the upstream side of the dam wall or c) downstream of the dam (tailwater). This is 

for instance relevant for the differentiation of water level measurements (e.g. in the headwater vs. in 

the tailwater) and discharge measurements, which take place at the dam site. Therefore, the following 

codes were utilized (see table 3.3). 

Table 3.3. Differentiation of measurement locations (i.e. dam, headwater and tailwater) at the 
hydropower plants. 

Hydropower plant Dam 
Headwater 

(dam + U for “upstream”) 
Tailwater 

(dam + D for “downstream”) 

Pak Beng 
Luang Prabang 
Xayaburi 
Pak Lay 
Sanakham 

PB 
LP 
XB 
PL 
SK 

PBU 
LPU 
XBU 
PLU 
SKU 

PBD 
LPD 
XBD 
PLD 
SKD 

 

The results of the impact- and mitigation assessment will be presented for different zones along the 

Mekong mainstream (see also figure 3.5). 

1. Red  The cascade itself (upstream of Sanakham Dam) 

2. Orange  Immediately downstream of the cascade (Sanakham Dam to Paksane) and  

3. Grey  The section downstream of Paksane to Pakse 

The area downstream of Pakse to the delta, including the Tonle Sap system will be studied in the 

Final Phase of the ISH0306.  Hence, the assessment of mitigation measures relative to this portion of 

the LMB will be completed in 2017.   
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3.3 Methods to Assess Hydrologic and Flow Changes  

3.3.1 Seasonal flow distribution 

The flow regime of the Mekong is characterized by a distinct hydrological cycle of wet- and dry seasons. 

The Mekong’s rich ecosystem has evolved in accordance with this cycle, which is why any alteration 

can impact distinctive ecosystem functions (MRC, 2009). While the Chinese (UMB) and tributary dams 

have already altered the hydrologic cycle (e.g. higher dry season flows, delay of wet season, lower wet 

season flows) it is expected that the case study cascade has a comparable low impact on the 

seasonality of flows (see also chapter 5.3 for a more detailed discussion on this). 

For this study wet season is defined as the time when the 5-day averaged flow exceeds or undercuts 

the long-term annual mean flow (MRC, 2009). For the impact- and mitigation assessment, the following 

parameters are considered as important and were calculated on the basis of the MIKE11 output: 

 The change of flow volume of wet and dry season is important for assessing the overall 

distribution of annual flows to the wet and dry season. Especially wet season flows provide a good 

indication on the flow reversal at Tonle Sap and inundated areas. Therefore, a shift of flows from 

the wet to the dry season can have a huge impact on floodplain habitats. 

 The onset of the wet season plays a key role in triggering spawning and feeding migrations. 

Especially a delay of the wet season can therefore cause delays in spawning and consequently limit 

the subsequent time for feeding, both for adult and juveniles.  

 As not only the onset of the wet season, but also its duration is of ecological importance e.g. 

reflecting the time available for feeding, any changes to the duration of the seasons may cause an 

impact. 

 As aquatic organisms show a strong reaction to hydrologic extreme values, maximum and 

minimum flows are assessed and compared between scenarios. The dry season flows reflects the 

time of the year when aquatic organisms suffer from limited habitat availability and poor water 

quality. The lowest discharge in this season represents a good indicator for the stress experienced 

by the ecosystem. While an increase of dry season flows might be beneficial for aquatic organisms, 

a reduction of high flows can cause the loss of floodplain habitats and reduce overall productivity. 

Consequently, the following indicators were selected: 

Table 3.4. Seasonal flow indicators. 

Indicators Assessment methodology Sites and scenarios 

5-day averaged flow [m³/s] 
(as basis for the other 
indicators) 

Hourly data of MIKE-11 transformed to 5-
day averaged flow by calculating the mean 
for the previous 4 days and the actual day 

- Zone 1 

(M2020,upstream of 

Luang Prabang town) 

- Zone 2 (M1572, 

upstream of 

Vientiane) 

all scenarios (except 
1.2.C and 1.2.D) 

Wet season onset [date] First day of the year the 5-day averaged 
flow exceeds the mean flow 

Wet season end [date] First day of the year the 5-day averaged 
flow undercuts the mean flow 

Wet season duration [days] Wet season end minus wet season onset = 
duration in days 

Flow volume of the wet 
season [Mio m³] 

Summed up wet season flows 

Daily flow characteristics Statistics based on the daily average flow 
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The indicators were calculated for all scenarios except 1.2.C and 1.2.D, which followed at a later stage 

of modelling. However, due to the marginal modifications of these scenarios compared to scenarios 

1.2.A and 1.2.B, similar results are assumed. The sites were selected to assess the condition within the 

cascade (i.e. at M2020 upstream of Luang Prabang Town), and downstream of the cascade at M1572, 

which is the most downstream assessment point of Mike11/HEC-ResSim. No assessments were made 

downstream of Paksane, but the upstream two sites are considered to be sufficient for transferring 

the outcomes to the third impact zone (i.e. downstream of Paksane).  

3.3.1.1 Seasonal changes in zone 1 (historic, BDP 2030 and Scenario 1.1.0) 

The following graphs and tables compare the above described indicators for the historic, the BDP 2030 

Scenario and Scenario 1.1.0. The wet season onset and duration are provided in table 3.5. The end of 

the wet season is not given separately, as it is included in the duration of the wet season. However, 

the detailed results are given in Annex D1. It is clearly visible that the greatest change occurs between 

the historic and the BDP 2030 scenario, since the Chinese cascade and storage dams in the tributaries 

have a higher influence on the seasonal flow distribution than the five cascade dams in the upper 

LMB. Under undisturbed conditions (i.e. historic) the onset of the wet season used to be earlier in the 

year, tended to be a little longer and less variable, compared to the BDP 2030 and 1.1.0 Scenario. 

Table 3.5. Onset and duration of the wet season in zone 1 (M2020) for the historic, BDP 2030 and 
1.1.0 Scenario. 

 Wet season onset Wet season duration 

historic 
14 Jun 

±36 days 
152 days 
± 36 days 

BDP 2030 
26 Jun 

±39 days 
142 days 
± 37 days 

Sc. 1.1.0 
25 Jun 

±39 days 
142 days 
± 37 days 

 

The flow volume of the wet season used to be higher under historic conditions but is comparable 

between the BDP 2030 and the 1.1.0 Scenario. Figure 3.6 shows the minimum, mean and maximum 

wet season flow volume upstream of Luang Prabang town (M2020). 

 

Figure 3.6. Summed wet season discharge (in Mio. m³) in zone 1 (M2020). 
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3.3.1.2 Seasonal changes in zone 2 and 3 (historic, BDP 2030 and Scenario 1.1.0) 

The same results were prepared for zone 2 on the basis of the site M1732. It can be seen that the 

variability of the onset of the wet season is lower compared to zone 1, however the date and duration 

are approximately the same. For the three different scenarios, the same picture as for zone 2 can be 

seen, which is a clear change from historic to BDP 2030 but no significant further alteration with the 

cascade. Table 3.6 and Figure 3.7 show seasonality and the summed flows of the wet season in zone 

2. 

Table 3.6. Onset and duration of the wet season in zone 2 (M1572) for the historic, BDP 2030 and 
1.1.0 Scenario. 

Scenario Wet season onset Wet season duration 

historic 
21 Jun 

±18 days 
146 days 
± 24 days 

BDP 2030 
24 Jun 

±18 days 
142 days 
± 23 days 

Sc. 1.1.0 
21 Jun 

±19 days 
143 days 
± 24 days 

 

 

Figure 3.7. Summed wet season discharge (in Mil. m³) in zone 2 (M1572). 

For zone 2, also the daily flow characteristics were assessed and compared for unimpacted (historic) 

and impacted conditions (BDP 2030 and 1.1.0 Scenario). Figure 3.8 provides a comparison of the flow 

duration curve for the three scenarios. While the BDP 2030 and the 1.1.0 Scenario are barely 

distinguishable, there is a clear difference to the historic condition. Figure 3.9 providese a more detaild 

picture of the individual values, which shows that the BDP 2030 and the 1.1.0 Scenario differ slightly 

especially for low and high flows. However, these differents are mostly caused by short-term 

fluctuations in modelling and are therefore considered to be negligible. 
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Figure 3.8. Flow duration curve downstream of the cascade (M1572) for historic, BDP 2030 and 1.1.0 
Scenario. 

No additional assessments were made for zone 3, but it can be concluded from the similarity of zone 

1 and 2 (see Figure 3.10.) that the same reaction can be expected in zone 3.  

 

Figure 3.9. Violin plots showing the daily flow distribution (in m³/s)  for historic, BDP 2030 and 1.1.0 
Scenario in zone 1 (for M2020 and Sanakham dam) and zone 2 (M1572). 

3.3.2 Sub-daily flow distribution 

Besides seasonal flow shifts also daily and sub-daily variations in flow have to be assessed. As already 

described in chapter 2.4 scenario 1.3 assesses possible impacts and mitigation measures with regard 

to hydro peaking.  
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As hydropeaking events are not present in the historic, BDP 2030 or 1.1.0 Scenario, the assessment of 

peaking indicators is not relevant for these scenarios. It can only be stated, that the three scenarios do 

not differ with regard to hydropeaking. However, the indicators selected for comparing scenarios 1.3 

(peaking scenarios) and maybe 1.2 (flushing scenarios) are described in this chapter. 

The hydropeaking events are assessed within the cascade as well as downstream of the cascade. In 

general it is important to assess how often downramping occurs faster than 5 cm/hour. Furthermore, 

since we are assessing a cascade of several peaking dams in scenarios 1.3.0 to 1.3.E the behaviour of 

peaking waves within the impoundment is of interest. This is, however, undertaken in a qualitative 

way. Furthermore, as detailed information is available for the impoundments (extracted from the 

Delft3D model (descriped in chapter 4.3.3 and Annex A, see also table 3.7) the dewatered area for 

downramping events can be assessed. In a first step, the impounded area was calculated for the 

highest and lowest water level of each impoundment. Assuming a linear relationship the impounded 

area can be calculated for each intermediate water level (see figure 3.10). Consequently, the 

dewatered area for each downramping event occurring faster than 5 cm/hour (assessed on the basis 

of MIKE11 data) can be calculated and compared between different months and scenarios. 

Table 3.7. Impoundment characteristics (source: Delft3D schematisation). 

  
Length  

(km) 
Water level 

(masl) 
Volume  

(Mio. m³) 
Area  
(km²) 

Mean depth  
(m) 

Mean width  
(m) 

Dewatered  
width (m) 

Dewatered  
area (km²) 

Pak Beng 
183.2 340 664.7 47.94 13.87 261.68     

183.2 335 455.3 36.08 12.62 196.94 64.74 11.86 

Luang 
Prabang 

137.4 310 1,211.0 47.22 25.65 343.67     

137.4 305 985.3 43.27 22.77 314.92 28.75 3.95 

Xayaburi 
127.5 275 1,107.0 66.09 16.75 518.35     

127.5 270 795.1 55.74 14.26 437.18 81.18 10.35 

Pak Lay 
117 240 1,312.0 69.01 19.01 589.83     

117 235 988.2 60.88 16.23 520.34 69.49 8.13 

Sanakham 
75 220 749.5 56.05 13.37 747.33     

75 215 485.3 51.36 9.45 684.80 62.53 4.69 
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Figure 3.10. Formula used for calculating the impounded area on the basis of the headwater level.  

In downstream direction, the calculation of the dewatered area is not possible since the river does not 

show a more or less constant water level (as it is the case in the impoundment). Therefore, only the 

distance over which severe peaking events (>5 cm/hour) occurs before the waves are smoothened by 

flow retention and entering tributaries, is measured. 

The following Table 3.8 provides a summary of the above described indicators:  

Table 3.8. Indicators for sub-daily flow conditions. 

Indicators Assessment methodology Sites and scenarios 

Percentage of hours per 
month where 
downramping occurs 
faster than 5 cm/hour 

MIKE-11 hourly data, calculation of 
water level changes and substraction 
of values exceeding the threshold 

For scenarios 1.2 and 1.3 and 4 
sites within each 
impoundment as well as Luang 
Prabang town Behaviour of peaking 

waves in impoundments 
Qualitative comparison of 7-day 
period in January (dry season) 

Dewatered area for 
downramping event 
occurring faster than 
5 cm/hour 

Calculation of impounded area at 
each water level – calculation of 
hourly area-changes  

For scenarios 1.3 and 
headwaters of each dam (PBU, 
LPU, XBU, PLU and SKU) 

Length of downstream 
river section impacted 
by severe peaking 

Measurement of downramping rates 
and amplitude at several sites 
downstream of the cascase 

For scenario 1.3.C in January 
and June and several sites 
downstream of the cascade 
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3.4 Methods to Assess Sediment Impact Mitigation 

3.4.1 Sediment Impact Mitigation Indicators 

Mitigation measures are implemented in hydropower projects with the aim of maintaining the 

processes and characteristics that exist in the river that are important for the geomorphic and 

ecological functioning of the river.  In the Mekong, the magnitude and timing of sediment delivery is 

important for maintaining the river channel and associated habitats.  Sediment transport is also 

directly linked to the maintenance of water quality, which is discussed in section 3.5. 

The assessment of sediment transport and geomorphology changes associated with the hydropower 

mitigation scenarios is based on inputs from the hydrological analysis, measured sediment loads, maps 

of current and historica river morphology and models of sediment transport through the reservoirs 

and downstream using the Delft 3D sediment model.  Details of the data used and the model are 

provided in Annex A.  The following indicators reflect the important sediment transport and 

geomorphic processes in the river and have been selected to assess the mitigation measures: 

Table 3.9.  Summary of indicators based on sediment modelling output for assessment. 

Indicator Model output used for assessment 

Sediment transfer  Sediment load / volume entering each impoundment 

 Sediment load / volume of sediment discharged into the 
downstream river from the most downstream impoundment 

 Relative proportions of sand / silt & clay 

 Timing of sediment deliver (% in Flood season); 

Geomorphology  Distribution and volume of sediment deposition / erosion within 
impoundments; 

 Distribution and volume of sediment deposition / erosion 
downstream of impoundments (Sanakham to Paksane); 

 Bed elevation changes in the cascade reach; 

 Flow and water level fluctuations as indicator of channel erosion (for 
hydropeaking) 

 Depth of deep pools; 

 Distribution of rapids 

 

Where possible model results were used to evaluate the indicators.  Where model results were not 

available, such as for changes to the depth of pools or distribution of rapids the indicators are assessed 

based on the interpretation of the model results or qualitative assessment based on other parameters.  

Not all of the scenarios included in the Case Study have been run using the sediment model.  This is 

because some of the variations of the scenarios had little or no relevance to the issue of sediment 

transport, and because running the sediment model requires long periods thus limiting the total 

number of scenarios able to be completed. 

Output from the Delft 3D sediment model is available for the following scenarios and flow regimes: 
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Table 3.10.  Summary of sediment mitigation scenarios. 

Scenario Description of mitigation Flow Regime 

BDP 2030 
Chinese and tributary dams 
included 

None.   Smoothed sequence of 7 
years 

Scenario  1.1.0 
Run of River cascade with 
flood protection rules 

None. Smoothed sequence of 7 
years 

Scenario  1.2.A 
  1.2.B&C 
  1.2.D 

Run of River cascade with 
coordinated sediment flushing 
of impoundments. Sub-
scenarios differ by timing of 
sediment flushing, and by the 
draw down rate  

10 -14-day period at the end 
of the Dry Season (June) for 
scenarios 1.2.A, and at the 
end of the begining of the dry 
season (1.2.B&C, 1.2.D) 

Scenario  1.3.0 
  1.3.D/E 
Hydro peaking in cascade with 
and without ramping 
constraints 

Ramping constraints of 5 
cm/hour applied to water 
level changes downstream of 
Sanakham   

24-year hydrologic record 
from MIKE11 output 

 

The assessment of sediment mitigation measures encompasses the three spatial scales (as do fisheries 

and aquatic ecology, (see also chapter 2.5.1 and 3.1.4): 

 The cascade reach (upstream of Pak Beng to Sanakham): This area incorporates the river reach 

that is developed into the cascade.  Sediment and geomorphic changes occurring within this 

area are assessed using model output.  An example is the comparison of the total annual 

sediment discharge from an impoundment with and without sediment flushing; 

 Sanakham to Paksane:  This area is included within the Delft 3D sediment model, and modelled 

results are available for direct assessment.  An example includes change to the river channel 

volume due to deposition or erosion within the impoundments; 

 Paksane to Pakse:  This river section is downstream of the sediment and flow models used by 

ISH0306 to test the scenario.  The assessment of mitigation measures in this reach is based on 

the qualitative assessment of how the sediment and flow changes associated with the Lao PDR 

cascade will propagate downstream of Paksane.  The additional water and sediment inflows 

are taken into consideration, as are the geomorphic attributes of the reach.  For example, it is 

recognised that high channel shear stress associated with short-duration high flow events are 

required within the reach each year for maintenance of the deep pools, which are important 

habitat. Not all inidcators are assessed for this reach. 

The area downstream of Pakse to the delta, including the Tonle Sap system will be studied in the Final 

Phase of the ISH0306.  Hence, the assessment of mitigation measures relative to this portion of the 

LMB will be completed in 2017.  Assessment approaches will depend on the availability of downstream 

flow and sediment models for use in testing the mitigation scenarios. In the absence of available 

models, a qualitative comparisons based on previous investigations or the literature will be completed.  

This approach is required because the existing ISH0306 models do not extend into the lower 
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catchment, and there are large additional flow and sediment inputs from the 3S and other river 

systems into the river making it difficult to project how changes to sediment loads or flows associated 

with the Lao PDR cascade will propagate into the lower catchment. 

3.4.2 Sediments and geomorphology – Comparison of Historic to BDP 2030 Scenario 

The BDP 2030 Reference Scenario used to calibrate pre-cascade conditions in the sediment model 

differs from ‘historic’ conditions due to the inclusion of the Lancang Cascade in China, and a large 

number of tributary dams.  The Case Study sediment model includes tributary dams on the Nam Tha, 

Nam Beng, Nam Ou, and Nam Suong.  Additional dams are under development in the area that are not 

included in the BDP 2030 Scenario, hence not reflected in the sediment model.  

The implementation of the Lancang Cascade and tributary dams included in the BDP 2030 Reference 

scenario have and will continue to reduce sediment transfer from the UMB and tributaries into the 

mainstream Mekong.  This process is well advanced, with suspended sediment loads at Pakse 

estimated as decreasing from ~75 to ~175 Mt/yr historically, to about ~55 to ~80 Mt/yr in the early 

2010’s (Koehnken, 2015), even in the absence of many of the planned tributary dams.  There are no 

grain-size analyses available for historic sediment loads, but it is probable that there has been a 

reduction in the delivery of gravels and coarser material to the LMB from the UMB.  At present, some 

of this material is being ‘replaced’ through erosion of coarser sediments from within the channel, but 

in the future this source will become depleted.  As this occurs, and an erosional ‘wave’ progresses 

downstream, geomorphic channel changes will increase, including an increase in the exposure of 

bedrock and a decrease in the occurrence and diversity of alluvial habitats.  Bank stability is likely to 

decrease as the river incises and banks and shorelines become steeper.  

The time required for these impacts to propagate downstream will depend on the volume of sediment 

available for transport in the Mekong river channel downstream of the Lancang Cascade, and in the 

tributary river channels downstream of the final dam sites in each tributary.  As this is exhausted, the 

rate of downstream geomorphic change will likely accellerate.   

The decreasing sediment loads has presented challenges for establishing the BDP2030 ‘reference’ 

baseline with regard to model establishment and calibration.  The loads used for calibration reflect 

‘recent’ sediment loads in the LMB that are considerably lower than historic sediment loads due to 

trapping of sediments in the Lancang cascade and in the tributary dams in the LMB, but higher than 

loads that are likely to prevail in the future.  To provide a context for the BDP 2030 Reference scenario, 

estimates of historical sediment loads at Chiang Saen, Luang Prabang and Nong Khai are provided in 

Table 3.11 (no grain-size distributions available for the historical results).  The magnitude of the 

sediment reduction is shown in Figure 3.11 where historic sediment loads at Chiang Saen are compared 

to the BDP 2030 Reference Scenario sediment loads upstream of the cascade.  The BDP 2030 Reference 

scenario has a sediment input of 12 Mt/yr for median flow years, and 18 Mt/yr for the ‘wet’ year in 

comparison to the historical results, which range from 30 to 147 Mt/yr with an average sediment 

load of 84 Mt/yr.   
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Table 3.11. Summary of annual sediment loads based on ‘historic’ modelling results and on the 
results of the Delft sediment model used in this project. 

Indicator Historic 
Pre-Lancang 
Cascade 

0.2 BDP 2030 
Median Year 
(Avg 5 yrs) 

Annual Sediment 
Load upstream of 
Cascade (Mt/yr) 
Km 2344 

~60 – 120 Mt/yr 
No grain-size info 
available 
(Chiang Saen) 

12.2 Mt/yr 
Grav: 2% 
C Sand:8% 
M Sand: 23% 
F Sand: 63% 
Silt+Clay: 5% 

Annual Sediment 
Load at Luang 
Prabang Damsite 
Km 2038 
Input to Xayabouri 

~60 – 110 Mt/yr 
(Luang Prabang) 

10.7 Mt/yr 
Gr: <1% 
C Sand:6% 
M Sand 11% 
F Sand: 63% 
Silt+Clay: 20% 

Annual Sediment 
Load at Vientiane / 
Nong Khai 

~30 – 80 Mt/yr 
(Nong Khai) 

19.3 Mt/yr 

 

Assessing and quantifying the impacts associated with the BDP 2030 Reference Scenario is not part of 

the ISH0306 project brief, but it is important to recognise the large scale changes that will inevitably 

occur in the Mekong under the 2030 BDP Reference Scenario even in the absence of the development 

of mainstream dams and interpret subsequent changes associated with development of a 

hydropower cascade within this context. 

 

Figure 3.11.  Comparison of historical suspended sediment loads at Chiang Saen and modelled sediment 

at Km 2344 upstream of the northern Lao PDR cascade for the BDP2030 Reference scenario. Note:  Year 

Ref2 is the ‘wet’ year in the hydrologic sequence, which accounts for the higher sediment load. 
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3.5 Methods to Assess Water Quality Impact Mitigation  
No water quality modelling was completed as part of the case study.  To assess water quality changes 

associated with the implementation of the northern Lao cascade and the various mitigation 

approaches, quantifiable physical attributes have been used as surrogates to assess potential changes 

to water quality.  These assessments are based on known relationships between physical attributes, 

such as the residence time of water in an impoundment, or flow velocity, and water quality risks, such 

as algal blooms, or metal release or metal-cycling within impoundments.  The following table highlights 

these relationships and summarises how the available results have been used to assess potential 

changes. 

It is recognised that there are many other important water quality indicators (nutrients, metals, 

metalloids, temperature, dissolved oxygen) and these are discussed in the accompanying ISH0306 

volumes.  The intent here is to evaluate risks where possible about potential changes to water quality 

associated with the physical changes associated with the development of the cascade. 

Table 3.12. Water Quality indicators, assessment methodology and scenarios. 

Indicator Assessment methodology Scenarios 

Residence time in reservoirs as 
incidator of risk of algal blooms 

Reservoir volumes divided by 
the mean monthly inflows 

 Total volume used as 
maximum residence 
time indicator 

 Active volume used as 
minimum residence 
time indicator 

HEC-ResSim and MIKE-11 
output used for assessment 

All scenarios considered 
collectively as risk of algal 
blooms is similar between 
scenarios  

Months with water velocities 
<0.4 m/s as indicator of risk of 
algae blooms 

Average monthly water 
velocities as determined by 
Delft 3D 

All scenarios considered 
collectively as risk of algal 
blooms is similar between 
scenarios  

Water clarity as indicator of 
risk of algal blooms 

Suspended sediment and 
suspended sediment grain-size 
distribution results from Delft 
3D sediment mitigation 
scenarios 

All scenarios considered 
collectively as risk of algal 
blooms is similar between 
scenarios  

Nutrient transport as indicator 
for impoundment water 
quality and downstream 
habitat quality 

Suspended sediment and 
suspended sediment grain-size 
distribution results from Delft 
3D sediment mitigation 
scenarios and recognised 
relationships between 
sediment and nutrient 
concentrations 

All scenarios considered 
collectively as risk of algal 
blooms is similar between 
scenarios  

Sediment concentrations as an 
indicator of risks to 
downstream habitat quality 
during sediment flushing or 
sediment sluicing 

Suspended sediment and 
suspended sediment grain-size 
distribution results from Delft 
3D sediment mitigation 
scenarios during flusing events 

Scenario 1.2 only  
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Water quality changes are assessed for the following two spatial scales: 

 Within the impoundments (cascade reach – Zone 1) water quality changes are assessed 

through the comparison of conditions pre- and post- establishment of the cascade.  For some 

parameters (such as water clarity) the changes attributable to the establishment of the 

Lancang Cascade and tributary dams are considered as well to provide a context for the 

changes attributable to the cascade; 

 Downstream water quality changes (Sanakham to Paksane and Paksane to Pakse – Zone 2 and 

3) are assessed through the qualitative assessment of flow and sediment parameters at or 

downstream of Sanakham, and known relationships between these parameters and water 

quality processes.   
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3.6 Methods to Assess Fisheries and Aquatic Ecology Impact Mitigation 
As already discussed in chapter 2.3.4, fish are impacted by all changes affecting their habitat. Relevant 

hydrologic indicators were already discussed in chapter 3.3. The description already includes relevant 

parameters (e.g. dewatered area for peaking events) for fish and other aquatic organisms. Also with 

regard to river morphology (sediment impact mitigation; chapter 3.4) and water quality (chapter 3.5), 

the above described indicators will be used to assess the overall impact on fish. Therefore, in this 

chapter, only indicators directly related to fish or aspects which were not already covered in other 

chapters will be discussed.  

3.6.1 Connectivity 

The ecosystem productivity of large tropical river-floodplain systems like the Mekong is highly 

dependent on the undisturbed longitudinal (mainstream & tributaries) and lateral habitat connectivity 

(floodplains) (Bayley, 1995). Many species rely on those habitats to fulfil their life cycles (e.g. spawning 

and nursery habitats) (King et al., 2009; Louca et al., 2009; Tonkin et al., 2008) and perform migrations 

between them. The following table provides an overview of the indicators, which will then be discussed 

in detail in the consecutive chapters. 

Table 3.13. Connectivity indicators. 

Indicator Assessment methodology Sites and scenarios 

Dendritic connectivity index weighted 
by Strahler (DCIStrahler) 

Adapted from Grill et al. 2014 Whole Mekong Basin, 
connectively for all 
scenarios without fish 
pass considered 

Dendritic connectivity index weighted 
by migration ranges (DCIMigr.) 

Adapted from Grill et al. 2014  

Upstream migration efficiency via 
cascade 

Expert judgement for fish pass 
efficiency 

Only within the cascade, 
connectively for all 
scenarios with 
connectivity mitigation  

Downstream mortality for large 
species via cascade 

Halls & Kshatriya (2009) 

Downstream mortality for small 
species via cascade 

Halls & Kshatriya (2009) 

Support of passive drift of 
ichthyoplankton 

Assessment of seasonal flow 
velocities in the cascade 

 

3.6.1.1 Overall connectivity 

The DCI (Dendritic Connectivity Index; Cote et al., 2009) represents a suitable indicator for assessing 

the overall connectivity in a catchment. Thereby, the DCI calculates the proportion of length of 

disconnected fragments in relation to the entire network (Cote et al., 2009). This method, however, 

neglects the location of the individual dam within the river network. Thereby, a barrier upstream in a 

tributary results in the same DCI as barrier close to the river mouth, although the latter would cause 

much higher impacts. To overcome this methodological disadvantage, the DCI can be extended by 

different weighting factors (e.g. river classes or migration corridors) (Grill et al., 2014). Within this 

study, two different DCIs with different weighting factors were calculated and compared. The DCIMigr 

focuses on the importance of sections for migratory species. Therefore, the minimum distribution 

range of migratory species was delineated by integrating the Mekong Fish Database (MFD; Visser et 

al., 2003) and the map on fish migration patterns in the LMB included in the BDP Plannign Atlas (MRC, 

2011). For this index, the number of species caught at the different sites was used to weight the 

sections with regard to their importance for migratory species. If a section was defined as migration 
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route in the BDP planning atlas but no sampling data were available, the minimum number of 

migratory species (i.e. 1-4) was assumed. However, as there are also several species migrating within 

sub-basins, connectivity assessments should also take place on a larger scale and, if possible, also 

under consideration of river sections upstream of the LMB. Therefore, the DCIStrahler includes a larger 

proportion of Mekong tributaries which are then weighted by the Strahler order of the river section.  

The baseline-data for the two different DCIs is show in Figure 3.13 (A) and Figure 3.14 (A). As 

highlighted in Figure 3.14 (A), the Mekong mainstream and lower sections of larger tributaries are of 

high importance for a large number of mainly long-distance migratory species. The map A in Figure 

3.13 shows the considered river network for the DCIStrahler, where the Mekong mainstream and larger 

tributaries are wheighted higher based on the Strahler order. 

Under historic conditions, the entire Mekong basin was unfragmented and both DCIs showed a value 

of 100 %. However, with the BDP 2030 scenario, the Chinese cascade and tributary dams caused 

already some degree of fragmentation, which, however, does not impact the LMB mainstream. 

However, with the Xayaburi dam, the first mainstream dam is under construction and considering the 

addition of four more dams in the LMB cascade, the connectivity index further declines (see table 3.18).  

The DCIStrahler results in 37 % for the BDP 2030 scenario and in 28 % for Scenario 1.1.0. Figure 3.13 shows 

the Strahler order (A), and the connected and disconnected section under historic conditions (B), the 

BDP 2030 scenario (C) and scenario 1.1.0 (D). While already large proportions of tributaries are 

disconneded under the BDP 2030 scenario, the DCIStrahler declines by another 9 % once the cascade is 

in place (see Figure 3.12 and Table 3.14). 



81 
 

 

Figure 3.12. DCI for Mekong Basin: A) Strahler order of rivers, B) reference condition, C) baseline 
condition (BDP 2030 scenario), D) Scenario 1.1.0 (all scenarios without fish pass). 

Looking at the the DCIMigr, which is based on a much smaller proportion of the catchment, the decline 

is less pronounced. The DCIMigr declines to apploximately 80 % in the BDP 2030 scenario and by further 

7 % in scenario 1.1.0 (see figure 3.13 and table 3.14). These results are also related to the fact that 

upstream sections include less migratory species and are therefore weighted less compared to 

downstream sections, which remain connected. 
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Figure 3.13. DCIMigr for Mekong Basin: A) LMB migration range and number of migratory fish species 
(based on Mekong Fish Database; Visser et al., 2003 and BDP planning atlas; MRC, 2011); B) historic 
condition, C) BDP 2030 scenario, D) Scenario 1.1.0; (grey sections not considered). 

Table 3.14: DCIStrahler  and DCIMigr for historic, BDP 2030 and 1.1.0 scenarios.  

  Historic BDP 2030 Scenario 1.1.0 

DCIStrahler 100.00% 36.69% 28.12% 

DCIMigr  100.00% 81.03% 74.10% 

 

Without the implementation of mitigation measures as e.g. fish passage facilities, fish are not able to 

perform their migrations. If crucial habitats for spawning or feeding cannot be reached, fish are not 

able to complete their life cycle or interact with other sub-populations. The resulting stock declines 

will also cause losses for fisheries. However, even if fish passes are considered, it has to be assessed 

how efficient they are and if there are possible limitations to downstream migrations as well (see 

below). However, in this case, the DCIs do not represent a suitable tool for the assessment of the 

passage efficiency, since the consideration of partially passable barriers is not supported. Therefore, a 

more detailed assessment of the cascade will be performed (see next chapter). 

3.6.1.2 Up- and downstream passage efficiency 

Without connectivity mitigation, fish are not able to migrate upstream. In downstream direction, they 

can only migrate via the turbines or the spillways, two options which are likely to cause injuries or fish 

kills. To restore the connectivity, fish pass facilities need to be implemented. However, even if fish pass 

solutions are considered, they have to be assessed with regard to their efficiency and their role to 
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sustain healthy populations. The assessment of up- and downstream fish passage efficiency within the 

cascade is only relevant for cascade scenarios (i.e. 1.1.0 to 1.3.E), since the historic and BDP 2030 

scenarios are free of LMB mainstream dams.  

For each of the five dams within the cascade, facilities as implemented for the Xayaburi dam are 

assumed (see also chapter 2.4.5). Figure 3.14 provides a schematic overview of the cascade and the 

passage routes in up- and downstream direction for different age classes. In upstream direction, the 

passage efficiency over the entire cascade will be calculated to estimate the loss of migratory adult 

individuals upstream and the reduction of reproduction success (i.e. assumed to be related to the 

number of spawning individuals). In downstream direction, the support of passive drownstream drift 

for larvae and eggs will be discussed. Furthermore, different mortalities are considered for 

downstream migrating adults passing through the turbines or spillways. More details on these 

indicators will follow in the result chapter 5.6.1. 

 

Figure 3.14. Assessment schema for up- and downstream connectivity within the cascade for different 
age classes. 

3.6.2 River channel habitats 

Fish biodiversity and fisheries yield depends to a high degree on the availability and accessibility of 

important habitats. Any type of hydro-morphological alteration is inevitably also connected to habitat 
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alterations, which is why most of the indicators discussed in this chapter were already covered by other 

chapters.  

3.6.2.1 Hydrology 

The ecological integrity of a river depends to a high degree on an intact hydrological regime. The 

magnitude, duration, frequency, timing and rate of change of the flow are responsible for type-specific 

sediment compositions (e.g. prevention of clogging), water quality conditions (e.g. temperature, 

oxygen), availability of energy sources (e.g. nutrients) and biotic interactions (e.g. spawning) (Karr, 

1991; Bunn & Arthington, 2002). The selected indicators and the method for assessing hydrological 

changes were already discussed in chapter 3.2. With regard to seasonal changes occurring between 

the historic and the BDP 2030 scenario, it can be assumed that aquatic organisms within the three 

impact zones will react to some degree to these changes. However, larger effects will occur in the 

lower section of the LMB (i.e. Delta and Tonle Sap), where modifications of the flood volume may have 

significant impacts on the local fisheries. However, the cascade itself does not really cause a 

modification of the seasonal hydrology, which is due to the small storage capacity of the 

impoundments. 

3.6.2.2 Morphology 

The overall assessment of the sediment impact, including the filling up of deep pools and the 

impoundment of rapids was already discussed in chapter 3.4. All of the discussed indicators are of high 

importance for aquatic organisms since they represent measures of their habitat quality. Furthermore, 

the river dimension (area, depth) can provide an indication on habitat alterations. The most important 

indicators, which will then be used for the assessment of the fish biomass, are given in the Table 3.15 

and are described below. 

Table 3.15. Habitat indicators. 

Indicator Assessment methodology Sites and scenarios 

Quality of the river 
bed composition 

Based on “Median sediment grain-size 
being tansported” (see chapter 3.4) 

See chapter 3.4 
 

Quality/ quantitiy of 
deep pools 

Qualitative assessment of changes 
within cascade and downstream (see 
chapter 3.4) 

Quality/ quantitiy of 
rapids 
 

Qualitative assessment of changes 
within cascade and downstream (see 
chapter 3.3) 

Only relevant for cascade (no 
differentiation between 
scenarios) 

Mean water surface in 
the cascade 

For historic condition: area calculation 
on the basis of GIS-data; for the 
cascade: measurement of the 
impounded area; 

Entire cascade, scenarios 
without (historic, BDP 2030) 
and with the LMB cascade 
(Sc.1.1.0 to Sc.1.3.E 
collectively) Mean river depth Qualitative assessment 

 

Detailed results were already discussed in chapter 3.4. The morphology in the BDP 2030 scenario is 

already impacted and habitat quality will further decrease in Scenario 1.1.0. Due to the impoundments 

and the reduced flow velocity, sedimentation processes will prevail within the cascade, while the 

downstream reach will suffer from erosion. Thus, also the sediment distribution will be altered, putting 

species adapted to the local substrate composition at risk, and consequently also fish feeding on those 
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organisms. Deep pools represent an important habitat for several species. The availability of deep 

pools habitats along the Mekong mainstream can be seen in Figure 3.15, where also the pool depth 

and area is illustrated. 

Deep pools within the cascade (see Figure 3.15) are at risk of being filled up with substrate and covered 

with fine sediments. Downstream of the cascade, the lack of sediment and related erosion processes 

might even cause a deepening of deep pools. However, if substrate in those pools or adjacent habitats 

is eroded, fish might lose their source of nutrition and the positive effect of deeper pools might be 

offset by other negative effects. Downstream of Pakse, no negative impacts are expected for several 

years. However, once the erosion wave reached this reach, negative impacts will most likely also affect 

this area (see also chapter 5.3.3 for a discussion on this). 

While the influence on the rapids might still be negligible (i.e. compared from historic to BDP 2030 

scenario), the rapids located within the cascade will be lost due to impoundment, while the rapids 

downstream of the cascade might also suffer from erosion processes. The location of rapids along the 

Mekong mainstream is also provided in Figure 3.15. 

 

Figure 3.15. Location, depth and area of deep pools and location of rapids along the Mekong 
mainstream (red: cascade; yellow: downstream of the cascade; white: downstream of Pakse) (note: 
the line between the pools does not reflect the riverbed elevation but is there to support the 
readability of the figure). 

While the river dimension does not differ between the historic and BDP 2030 scenario (neglecting 

marginal changes caused by seasonal flow alterations), a large change will occur once the cascade is in 

place (i.e. in Scenario 1.1.0). As a consequence of damming, the free flowing Mekong mainstream will 

be transformed into a cascade of impoundments upstream of the LMB mainstream dams. Along with 

several other habitat alterations, the dimension of the Mekong will substantially increase in this zone, 

covering not only a larger area but also a greater depth. Data on the area covered by water for historic 

and BDP 2030 conditions are calculated on the basis of GIS files featuring the current shoreline of the 

Mekong. These data, however, provide only a rough estimation and do not consider varying water 

levels for different seasons. These values are then compared to area-measurements of the 
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impoundments, which were extracted from the modelling results for different water levels. As 

indicated in table 3.16, the reservoirs cause an increase in water surface by a factor of 1.3-1.5 in this 

zone. 

Table 3.16. Water surface comparison of the cascade for historic/ BDP 2030 and 1.1.0 scenario. 

 Historic/BDP 2030 Scenario 1.1.0 

Area 154-188 km² 
247-286 km² 

(depending on the reservoir level) 

Increase to  
historic condition 

0% 30-50% 

 

Although the area increase could be interpreted as positive for aquatic organisms, this is not 

necessarily the case. Quite the contrary can be true, since the increase in area goes hand in hand with 

an increase in water depth. This can make the middle section of the river less suitable for certain 

organisms, as e.g. makrophytes, which might suffer from insufficient light penetration. In addition, 

benthic organisms might be reduced in density, related to the deposition of sediments and loss of the 

hyporheic interstitial. Thus, an increase in fish biomass related to the area and increased volume of 

the water body seems very unlikely. 

3.6.2.3 Water quality 

Hydro-morphological parameters discussed in the previous chapter are also linked to water quality 

parameters, which were already discussed in chapter 3.4. Water temperature and oxygen were not 

evaluated in this first stage, but would provide useful information for assessing the impact on fish. 

With regard to water quality, the following indicators are used to compare the historic, BDP 2030 and 

1.1.0 scenario (see Table 3.17). These indicators were already discussed in chapter 3.5. 

Table 3.17. Water quality indicators. 

Indicator Assessment methodology Scenarios 

Sediment concentration/ 
clarity 

% of time suspended solids <50 
mg/L (see chapter 3.5.) 

All scenarios collectively 

Nutrient transport (silt & 
clay used as surrogate) 

See chapter 3.5 

Sediment concentratrion 
during flushing events 

Qualitative assessment of harmful 
character of flushing events 

Scenario 1.2 only 

 

3.6.3 Fish biomass 

The potential impacts of dams and effects of mitigation measures on fisheries were expressed in fish 

biomass changes whenever data availability and causal relationships will allow drawing quantitative 

conclusions. However, it has to be considered that the stated values represent only rough estimates. 

Biomass values are often aggregated per country, which is not adequate for this study considering 

zones with different impact intensities along the Mekong (see also chapter 3.7.1). However, as the 

data availability and distribution did not always allow a detailed and accurate allocation of fish biomass 

along the Mekong mainstream as well as towards tributaries and floodplains, the impacted fish 

biomass were assessed on the basis of some general assumptions and expert judgement. The detailed 

steps, as well as related uncertainties are described in the following paragraphs. 
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Due to the high number of fish species inhabiting the LMB, the impact and mitigation assessment 

focused on a guild-based assessment. Futhermore, cascade-related effects may have different 

consequences for different fish guilds. A detailed description of the guilds and their ecological 

requirements were discussed in Vol. 2 of the ISH0306 Inception Phase Literature Review and 

Knowledge Base (2015). Consumption based yield estimates are discussed in several other studies (e.g. 

Hortle, 2007, Halls, 2010, Hortle & Bamrungrach , 2015). Halls (2010) performed an estimation of 

annual yield of fish by guild in the LMB on the basis of national consumption data and the species 

distribution at AMCF sampling sites. The results were, however, again presented per country. 

To receive the biomass and guild distribution per impact zone, consumption based yield data per 

province were sub-divided to reflect the three impact zones (see chapter 3.2). The delineation made 

on the basis of the provinces is shown in figure 3.16 and does not precisely coincide with the selected 

impact sections. The section between Sanakham and Paksane extends a little further downstream, as 

it is also the case for the area from Paksane to Pakse (which includes the entire rest of Laos and 

Thailand – indicated in grey in the map in figure 3.16. However, it is assumed that these small 

deviations will not affect the general outcome of the assessment.  

   

 

 

Figure 3.16. Consumption based fish yield (based on Halls, 2010 and Hortle et al., 2015) divided in 
three impact zones. 
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The assignment of fish biomass to the different guilds was done on the basis of the AMCF (Assessment 

of Mekong Capture Fisheries Component, MRC) sampling sites, which are shown in Table 3.22. As the 

proportion of blackfish species is under-represented in the catch data the share of blackfish species 

(i.e. floodplain guild) was estimated by Hortle & Bamrungrach (2015) and Halls (2010) for each country. 

Likewise, for Cambodia and Vietnam, those shares (i.e. 29 and 12 %) were adopted for this study 

without recalculation, since no differentiation for impact zones is made for these countries (due to 

their downstream location and distance to the cascade). For Lao PDR and Thailand, the shares of black 

fish were assumed to be lower in upstream sections (e.g. within the cascade) compared to downstream 

sections due to the limited presence of floodplains. Therefore, the blackfish yield of these countries 

(i.e. 27 % for Lao PDR and 43 % for Thailand) were compared with the total yield of each zone and the 

following assumptions were made: 10 % blackfish in the cascade and 20 % blackfish from Sanakham to 

Paksane. Downstream of Paksane, the shares of 39 or 50 % (for Lao PDR and Thailand respectively) 

were calculated to resemble the overall blackfish yield of each country. It is shown, however, that 

these shares are 7-12 % higher than the overall proportion per country (which seems reasonable due 

a higher floodplain density compared to the rest of the country). Consequently, the blackfish yield was 

calculated per impact zone. 

Table 3.18. Estimation of blackfish yield for cascade, immediately downstream and the rest of the 
LMB (based on Hortle & Bamrungrach (2015) and Halls (2010); * indicate recalculated values within 
this study). 

 (t/year)   Lao PDR Thailand Cambodia Vietnam 

total fish yield 
 (t/year) 

cascade 
37,545* 67,118* - - 

downstream cascade 47,366* 75,486* - - 

rest LMB 80,656* 577,898* 473,661 692,117 

overall 165,567 720,502 473,661 692,117 

blackfish 
percentage 

cascade 
10* 10* - - 

downstream cascade 20* 20* - - 

rest LMB 39* 50* 29 12 

overall 27 43 29 12 

blackfish yield 
(t/year) 

cascade 3,755* 6,712* - - 

downstream cascade 9,473* 15,097* - - 

rest LMB 31,292* 288,949* 137,362 83,054 

overall 
44,703 309,816 137,362 83,054 

 

Once the blackfish biomass was defined, the other guilds were calculated on the basis of the AMCF 

catch data. Therefore, the sites were combined into three groups based on the defined impact zones. 
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Table 3.19. Grouping of AMCF sites in Thailand and Lao PDR. 

Impact zone Country Sampling site 

 

1) cascade 
Lao PDR Ban Done 

Lao PDR Pha O 

2) downstream 
cascade 

Thailand Pasak 

Thailand Huasai 

Lao PDR Thamuang 

Lao PDR Xinh Xay 

Lao PDR Nam Ngiep 

3) rest LMB 
(Thailand and 
Lao PDR) 

Lao PDR Mouang Sum 

Thailand Phaphang 

Thailand Pi man thay 

Thailand Nam Kum 

Thailand Song khon 

Thailand Naalair 

 

Since the consumption data reflect the status of the years 2003/2004 and represent the condition 

before the implementation of the Lancang cascade (except for Manwan dam, which was already in 

place), already occurred losses have to be considered. For this purpose, the estimated losses of the 

BDP 2030 scenario were used likewise for all guilds (MRC, 2011) which resulted in a total loss of 

~187,000 t/y. Furthermore, also the loss of OAAs has to be considered. Also here, the same percentage 

losses as for fish were assumed (see table 3.20). 

Table 3.20. Estimating the losses caused by the Chinese cascade and tributary dams (based on MRC, 
2011). 

Fish Lao PDR Thailand Cambodia Viet Nam Total 

Historic (2003/2004) (t/yr) 165,567 720,502 473,661 692,117 2.051,847 

Estimated BDP 2030 losses (%) -15% -4% -15% -9% -10% 

Estimated BDP 2030 losses (t/yr) -24,835 -28,820 -71,049 -62,291 -186,995 

Estimated BDP 2030 yield (t/yr) 140,731 691,682 402,612 629,826 1.864,852 

OAAs      

Historic (2003/2004) (t/yr) 40,011 190,984 103,712 160,705 495,412 

Estimated BDP 2030 losses (%) -15% -4% -15% -9% -10% 

Estimated BDP 2030 losses (t/yr) -6,002 -7,639 -15,557 -14,463 -43,661 

Estimated BDP 2030 yield (t/yr) 34,009 183,345 88,155 146,242 451,751 

 

On the basis of the values in Table 3.20 the guild distribution was calculated for each impacts zone and 

transferred to the non-blackfish biomass. The following graph shows the distribution of guilds for the 

cascade, immediately downstream of the cascade and the rest of the LMB for Thailand/ Laos PDR, 

Cambodia and Vietnam. 
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Figure 3.17. Fish biomass (t/yr) per guild for the respective impact zones (M spawner = migratory 
main channel spawner; M refuge = migratory main channel refuge). 

For the assessment, the two migratory guilds 2 & 3, which are highly vulnerable to mainstream dam 

development (see Table 3.21) were combined to one group. However, since certain impacts are also 

size-related, a differentiation in large (≥40 cm) and small (<40 cm) fish was considered. To assess, how 

much biomass of guild 2 and 3 is related to large and small species, those species, that make up a large 

proportion of the migratory biomass, were used to assess the related proportions (see table 3.27). 

Table 3.21. Mekong guilds vulnerable to the LMB cascade (adapted from Baran, 2010 and Halls & 
Kshatriya, 2009). 

 

Halls & Kshatriya (2009) identified 58 highly migratory species threatened by mainstream dams which 

contribute 38.5% to the total weight of all recorded species in the catch surveys (see Annex E, Table 

E1). Furthermore, important species mentioned by Hortle et al. (2015) were considered (see Annex E, 

Table E2). The following table shows the species, which were included in this survey, and how they 

contribute to the overall biomass of guilds 2 and 3. Assuming that the selected species are 

representative, small species contribute ~70 % (2/3) and large species ~30 % (1/3) to the biomass of 

guilds 2 and 3. These values were finally used for dividing the overall biomass of guilds 2 & 3 into the 

biomass of large and small migratory species (see also Table 3.22). 
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Table 3.22. Summary and characteristics of species considered for estimating the proprtion of small 
and large migratory fish in the impact assessment.  

Species 
Max 

length 
(cm) 

Size 
class 

Guild 
Larvae per ml 
(Hortle et al. 

2015) 

% of guilds 2 & 3 
(Halls & 

Kshatriya 2009) 

% of large 
vs. small 
species 

Henicorhynchus 
siamensis & lobatus 20 small 3 12.2 32.96 

70,6 

Gyrinocheilus pennockii 28 small 2  - 4.41 

Paralaubuca typus 20.5 small 3 1.1 4.49 

Pangasius macronema 40 medium 2 63.7  - 

29,4 

Hypsibarbus malcolmi 50 large 2  - 4.01 

Cosmochilus harmandi 100 large 3 4.5 7.78 

Pangasius conchophilus 120 large 2  - 5.61 

Pangasius macronema 40 medium 2 63.7  - 

        81.5 59.26 100 

 

Generalist species, which are highly adaptable to environmental changes and, therefore, less 

vulnerable to impacts, were considered as an individual groups. Floodplain species are mostly located 

in floodplains adjacent to the Mekong mainstream, although, depending on the season, they also 

inhabit the Mekong mainstream. Since they are less vulnerable to water quality changes but react to 

floodplain alterations, they constitute an individual group. Three guilds 1, 4 and 7 to 10 (i.e. rhithron, 

potamodromous, estuarine, semi-anadromous, catadromous and marine guild) occur only in small 

proportion and were therefore combined to “others”. The assessment, therefore, focuses on the 

following five groups: 

 Migratory Large (guilds 2 & 3, ≥40 cm) 

 Migartoy Small (guilds 2 & 3, < 40 cm) 

 Generalist (guild 5) 

 Floodplain (guild 6) 

 Others (guilds 1, 4, 7-10) 

The resulting estimated proportions of grouped fish guilds per impact zones as well as for Cambodia 

and Vietnam are provided in Table 3.23. 

Table 3.23. Proportion (%) of grouped fish guilds for each impact zone and country. 

  
Cascade 

Downstream of 
the cascade 

Rest of Lao PDR and 
Thailand 

Cambodia Vietnam 

Migratory Large 17 16 9 12 7 

Migratory Small 35 31 18 25 14 

Floodplain 10 20 49 29 12 

Generalist 32 26 17 23 52 

Others 6 7 8 11 16 

total 100 100 100 100 100 

 

It has to be highlighted that these values reflect the distribution per zone, but not necessarily the 

values in the impacted area, which is mostly located in the Mekong mainstream. The following results 
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are, therefore, only valid for habitats in or close to the Mekong while the overall assessment will 

qualitatively incorporate the results of these assessments (see below). 

To assess the additional loss from BDP 2030 to Scenario 1.1.0 we analysed the risks associated with 

the cascade for the combined five groups in each of the impact zone. Due to the lack of detailed 

ecological data and studies on effects of large dams on rivers with fish comparable to the Mekong the 

biomass losses can only be indirectly estimated based on predicted physical/chemical changes of the 

environment. In order to account for these uncertainties only three levels of alteration for increase 

and decrease of biomass are used (low, medium, high). A 66-100 % loss (i.e. drastic loss or extinction) 

is rated with -3, while -2 reflect a medium loss of 33-66 % and -1 a low loss of up to 33 %. If no impact 

is expected compared to the BDP 2030 senario, the rating 0 is used (see also chapter 3.1.1. for the 

common rating matrix), while “-“ shows that this pressures is not present. From BDP 2030 to Scenario 

1.1.0, no positive effects were expected.  

Table 3.24. Ratings for the assessment of impacts and mitigation measures  

Rating Biomass (% change) 

3 +67 to +100 

2 +34 to +66 

1 0 to +33 

0 +/- 0 

-1 0 to -33 

-2 -34 to -66 

-3 -67 to -100 

- not relevant 

 

As discussed in chapter 3.3.1, the cascade has no (or only a minor) influence on the seasonal flow 

distribution, which is why this indicator group has no effect (0) on the fish biomass. Furthermore, sub-

daily flow alterations (as discussed in chapter 3.3.2) do not occur in this run-of-river scenario, and are 

therefore shown with “-“. With the dams fragmenting the river and no mitigation (i.e. fish pass, fish 

friendly turbines etc.) in place, migratory species will become extinct (-3) within the cascade and most 

likely also immediately downstream due to lost upstream spawing habitats. With increasing distance 

to the cascade the impacts are expected to diminish as other spawning habitats (if available and 

accessible) can offset the impacts to some degree. However, it is very likely that also migratory species 

located downstream of Paksane will be impacted, e.g. by limited exchange with upstream populations 

(-2). Floodplain species, generalists and other species are less dependent on connectivity and are 

therefore less impacted by longitudinal continuity fragmentation (i.e. -1 within and downstream of the 

cascade). Caused by the low flow velocities, increase in river dimension and sedimentation processes, 

the habitat conditions (morphology) in the cascade is rated with -2, and downstream of the cascade 

with -1. In zone 3, no direct effects will be visible for years to decades, which is why a rating of 0 was 

applied. However, on the long run impacts are also expected to migrate further downstream once the 

erosion wave reached these habitats. Water quality changes will most likely only occur wihin and 

downstream of the cascade (zones 1 and 2) and since no detailed data are available on oxygen and 

temperature conditions, it was currently rated with -1 for all species. 
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Table 3.25. Rating of expected impacts of the cascade (Scenario 1.1.0) on fish guilds and estimated 
biomass change as a result of alteration of the environmental conditions reflected by five indicator 
groups. 

Indicator groups Fish groups 

S1.1.0 
(baseline for other Scenarios) 

Impact zone 

1 2 3 

Seasonal flow 

Migr. large 0 0 0 

Migr .small 0 0 0 

Floodplain 0 0 0 

Generalists 0 0 0 

Others 0 0 0 

Sub-daily flow 

Migr. large - - - 

Migr .small - - - 

Floodplain - - - 

Generalists - - - 

Others - - - 

Connectivity 

Migr. large -3 -3 -2 

Migr .small -3 -3 -2 

Floodplain -1 -1 0 

Generalists -1 -1 0 

Others -1 -1 0 

Habitats (Morphology) 

Migr. large -2 -1 0 

Migr .small -2 -1 0 

Floodplain -2 -1 0 

Generalists -2 -1 0 

Others -2 -1 0 

Water quality 

Migr. large -1 -1 0 

Migr .small -1 -1 0 

Floodplain -1 -1 0 

Generalists -1 -1 0 

Others -1 -1 0 

Overall status 

Migr. large -3 -3 -2 

Migr .small -3 -3 -2 

Floodplain -2 -1 0 

Generalists -2 -1 0 

Others -2 -1 0 

 

The overall rating of each fish guild is assessed according to the limiting environmental conditions of 

the five analysed indicator groups, i.e. the worst score is used for the overall rating (see Tables 3.24 

and 3.25). Based on the qualitative rating of expected impacts the biomass losses from BDP 2030 to 

Scenario 1.1.0 in the Mekong mainstream is estimated. Within the cascade, migratory species will 

become extinct, while all other guilds will be reduced at a medium level (up to 66 % biomass loss likely).  

Further downstream in zones 2 and 3, migratory species are expected to be much more effected 

compared to other species, since the impact on habitat fragmentation can impact the entire 

catchment. However, assuming that downstream populations of migratory also have other spawning 

areas outside of the cascade, the rating was set to -2 in zone 3.  

With regard to morphology, no imfluence will be visible for some detaces in the Mekong donwstream 

of Paksane,. In the long run, morphological alterations will, however, also show a negative impact on 

species in this area; especially, if the river bed deepens and floodplain areas become 

disconnected.With this assessment focusing on the impacted sections of the Mekong itself, in the 
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overall assessment it has to be considered, that the biomass in tributary and floodplain habitats might 

be less affected. Therefore, it has to be estimated how the biomass of each impact zone (incl. 

tributaries and floodplains) responds to these impacts. The following assumptions were made (see also 

table 3.26): 

- Since large and small migratory species rely heavily on the Mekong mainstream, the results of 

impact zones 1 is adopted for the zone 2 also. In zone 3 (downstream of Paksane), only half of the 

impact occurring in the Mekong mainstream is assumed for the extended impact zone. 

- Floodplain species inhabit both floodplains close to the Mekong and at a larger distance. In zones 

1 and 2, the density of floodplains is low and several occur close to the Mekong mainstream. 

Therefore, half (zone 1) and one third (zone 2) of the impact occurring in the Mekong mainstream 

is transposed to the respective impact zones. Further downstream, in impact zone 3, floodplains 

occur frequently not only along the Mekong but also tributaries, which is why only one sixth of the 

impact is transposed to the impact section. 

- Generalist species in zones 1 and 2 are assumed occur in both in the Mekong, tributaries and 

floodplain habitats. Therefore, half of the impacts assumed in the Mekong mainstream are 

transposed to these impact zones. Also here, the density of generalist species outside of the 

Mekong mainstream increases in downstream direction, which is why zone three receives only 

one third of the impacts assumed for the Mekong mainstream. 

Table 3.26. Assumptions for transferring the Mekong mainstream impacts to the biomass of the 
entire zone for individual groups of fish guilds. 

  Migratory species Floodplain species Generalists/others species 

  zone 1 zone 2 zone 3 zone 1 zone 2 zone 3 zone 1 zone 2 zone 3 

Factor for transferring the impacts 
of the Mekong mainstream to the 
entire impact zone  

1 1 0.5 0.5 0.33 0.17 0.5 0.5 0.3 

 

Since the impact on other aquatic organisms (OAAs) was not assessed in detail in this study, but a 

negligence of the related biomass loss might bias the overall situation, the loss of OAAs is assumed to 

be comparable to the loss of non-migratory fish. Therefore, the mean percentage value of floodplain, 

generalist and other species was used to assess the percentage loss (see table 3.27). 

By translating the rating per scenario and fish group into percentage losses (see Table 3.24) a maximum 

and minimum biomass loss can be calculated (see Table 3.27). Only for large and small migratory 

species in zones 1 and 2 no ranges were applied, since it is very unlikely that these species can sustain 

without intact migration corridors. 

Table 3.27. Calculation of the overall biomass loss in the respective zones. 

Indicator groups 
Fish groups 

and OAAs 

S1.1.0  
(baseline for other Scenarios) 

Impact section 

1 2 3 

Overall biomass loss 

(in %) 

Migr. Large 100 100 17 to 34 
Migr .small 100 100 17 to 34 

Floodplain 17 to 34 0 to 11 0 

Generalists 17 to 34 0 to 17 0 

Others 17 to 34 0 to 17 0 
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Indicator groups 
Fish groups 

and OAAs 

S1.1.0  
(baseline for other Scenarios) 

Impact section 

1 2 3 

OAAs 17 to 34 0 to 15 0 

Overall biomass loss 

(in kt/yr) 

Migr. Large -17 -18 -9 to -18 
Migr .small -34 -35 -19 to -37 

Floodplain -2 to -3 0 to -3 0 

Generalists -5 to -10 0 to -5 0 

Others -1 to -2 0 to -1 0 

OAAs -4 to -9 0 to -4 0 

Total loss (kt/yr)  -63 to -75 -53 to -66 -28 to -55 

*calculated as a mean value from the %-loss of floodplain, generalist and other species 

Overall, the highest impact is expected in zone 1 (losses of 51-61 %) and zone 2 (losses of 37-47 %) 

while the biomass losses in zone 3 are comparably small (i.e. 4-7 %). However, this reflects only the 

short-term outcome and both the impacts of the cascade as well as impacts already caused by the 

Chinese cascade will become more visible in zone 3 (and also futher downstream) within the next 

decades. 

 

Figure 3.18. Range of biomass changes related to S1.1.0 per zone.  

The same assessment was performed for other scenarios including the cascade, which was then, 

however, compared to Scenario 1.1.0 to evaluate positive impacts related to the mitigation measures 

(see chapter 5.6). The same ratings were used including likely increases as a consequence of mitigation. 

It has to be iterated that the biomass losses are only calculated indirectly based on the risk analyses of 

physico/chemical changes of the environmental conditions in order to identify general decreasing or 

increasing trends.  

3.6.4 Biodiversity 

The Mekong represents a regional hotspot for biodiversity (Termvidchakorn & Hortle, 2013). With a 

fish fauna of at least 1,000 fish species, the Mekong has the second highest richness of species in the 

world after the Amazon River (Halls & Kshatriya, 2009; FishBase, Froese & Pauly, 2010, Baran & 

Myschowoda, 2009). Fish species diversity increases from headwaters to the lower sections, as usual 

in rivers (Schmutz & Mielach, 2014), which is why the cascade itself hosts less species than the lower 

part of the LMB. 
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Several fish species are listed on the IUCN Red List of threatened species. Furthermore, with 

approximately 220 endemic fish species (Lu & Siew, 2005), endemicity is fairly high, especially in the 

upper catchments (van Zalinge, 2003). Furthermore, the Mekong has the highest number of giant 

freshwater fish in the world (i.e. at least seven species; Stone 2007). It includes the critically 

endangered Mekong giant catfish (Pangasianodon gigas), giant pangasius (Pangasius sanitwongsei) 

and giant barb (Catlocarpio siamensis) as well as the endangered seven-striped barb (Probarbus 

jullieni) (Hortle, 2009b, Hogan et al., 2004, Baird, 2006). Halls & Kshatriya (2009) identified 58 highly 

migratory species threatened by mainstream dams which contribute 38.5% to the total weight of all 

recorded species in the catch surveys. 

With the cascade-related impacts, biodiversity is very likely to decrease, especially in zone 1 but most 

likely also in zone 2. As shown by the previous chapters, especially migratory species will be affected 

by the implementation of the cascade. Also species highly relying on certain habitat features (e.g. sand 

bars, deep pools, rapids) will decrease in stocks or might become extinct. Therefore, it is very likely 

that the biodiversity in zones 1 and 2 will include less migratory and specialized species, causing 

increasing shares of generalist and floodplain species. In zone 3, biodiversity loss will most likely be 

limited to migratory species within the next few years to decades. However, once morphological 

alterations migrate further downstream, additional biodiversity losses are to be expected.  

Of course, biodiversity is not limited to fish but also includes other aquatic organisms (e.g. benthic 

invertebrates), but with less detailed data available on the latter, the deduction of detailed conclusions 

is difficult. In any way, it is clear that the inclusion of the cascade will cause an overall biodiversity loss, 

which will not be limited to the loss of fish species (see also Chapter 6 in the Manual, Volume 2 of the 

2nd Interim Report for more info on biodiversity). 
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3.7 Economic Evaluation 

3.7.1 Valuation of Sediment Trapped/Flushed 

A high level economic assessment of the sediment impacts and mitigation measures (outlined in the 

following Chapter 3.4) associated with the northern Laos cascade is incuded in the multi-criteria 

analysis.  The value of sediment being transported in the Mekong mainstream at Sanakham and 

Paksane was estimated based on the methodology developed in the ISH02 Project (MRC, 2015).  This 

approach is based on market values and assumes a different value for sand and gravel, and silt and 

clay.  The values of sand and gravel is estimated at $3 USD/m3 based on a literature review of market 

prices.  Silt and clay is assigned a value of $1.5 USD/m3  based on an assumption of its potential use in 

the production of bricks.  It is recognised that this method does not assign a monetary value to the 

‘ecosystem services’ provided by the sediment in the river system. These services are assessed in the 

study as part of the non-monetary indicators (e.g sediment and nutrient transport).  

3.7.2 Valuation of Fisheries 

Aquatic ecology and fisheries can be evaluated by indirect and direct values. While marketed products 

can be directly valued on the basis of market prices, biodiversity and cultural values (e.g. the 

importance for sustaining livelihoods) can only be valued indirectly (Hortle, 2009; Baran et al., 2007). 

Within this study, only direct values (i.e. market price of fish) will be used, as for sediments.  

Hortle (2009) estimated the typical retail market prices for first-sale products to $ 1-1.8 USD/kg. 

Considering an inland yield of 2,062 kt of fish and 498 kt of OAAs (i.e. 2,560 kt in total) this would result 

in a value of 2.6-4.6 billion dollars. By adding another 1,000 t produced by aquacultures (mainly in Viet 

Nam), with the value of 1-1.8 billion dollars, the first-sale value of all fishery products of the LMB would 

result in $ 3.6-6.5 billion dollars – a figure which is frequently cited by other studies (e.g. Hogan, 2011; 

Ferguson et al., 2011). However, since aquaculture is not impacted by the cascade, these products 

were excluded from the assessment. For fish and OAAs a price of $ 1.8 USD/kg was used for calculating 

the economic losses and benefits per scenario. However, it has to be stressed that this price is rather 

conservative, since So Nam et al. (2015) assume higher first-sale prices with differenes per country (i.e. 

5.2 USD/kg in Lao PDR, 6.9 USD/kg in Thailand, 3.6 USD/kg in Cambodia and 2.1 USD/kg in Viet Nam). 

On average, this would result in a mean price of 4.5 USD/kg. However, since the first assessment (in 

Phase 3) was restricted to Lao PDR and Thailand, a mean price of 6 USD/kg could be assumed, which 

would be much higher than the value stated by Hortle (2009).  

Also for aquatic ecology, it is recognized that other ecosystem services provided by the Mekong are 

extremely valuable. However, the capture of their economic value is complex and may never include 

all relevant aspects. Therefore, the economic assessment focuses on market products, while 

qualitative aspects are put aside to be discussed in a qualitative manner. 

Furthermore, the assessment only considers the biomass of the three impact zones (i.e. Laos and 

Cambodia), while the assessment for the Tonle Sap and Delta (i.e. Cambodia and Vietnam) will follow 

in the next phase. Therefore, the overall biomass was estimated as follows (see chapter 3.6.3 for 

details): 
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Table 3.28. Economic evaluation of biomass loss from BDP 2030 to Scenario 1.1.0.  

Yield and revenue indicators 
S1.1.0  

(baseline for other Scenarios) 

Impact section 

1 2 3 

Yield in BDP 2030 122,598 141,498 785,672 
Yield in Scenario 1.1.0 53,885 81,890 744,257 

Mean yield loss compared to BDP 2030 (t/yr) -68,713 -59,608 -41,415 

Mean yield loss compared to BDP 2030 (%) -56 -42 -5 

Revenue in BDP 2030 (Mil. USD/yr)* 220.7 254.7 1414.2 

Revenue in Scenario 1.1.0 (Mil. USD/yr)* 97.0 147.4 1339.7 

Revenue loss (Mil. USD/yr)* -123.7 -107.3 -74.5 

* assuming a conservative price of 1.8USD/kg 

3.7.3 Valuation of energy loss 

The basic approach to assess the financial implications (for the owner/developer) of each mitigation 

scenario will be to determine the change of energy generation compared to the base case without the 

mitigation measure.  The financial value of the energy difference can then be determined.   

To calculate the financial impact for the developer the lost energy generation shall be valued at the 

tariff the developer receives. However, the economic value for the society of the lost energy 

generation might be higher. If the lost generation is replaced by an alternative generation source, the 

economic value will be the generating costs of this source. If the lost generation leads to demand not 

being met, the economic value will be the value of not delivered power, which normally is several times 

higher than the tariff. For simplicity in the ISH0306 study we have restricted it to look at the financial 

value for the owner/developer, e.g. power revenues. In ISH02 the power revenues was 1 of 6 

parameters in the financial valuation (MRC, 2015). 

Currently all water power export schemes from Laos to Thailand are energy sales agreements and 

there is no separate capacity tariff (i.e. HP developers are paid not by installed capacity but by energy 

delivered).  Some current projects have time of day and day of the week tariffs divided into Primary, 

Secondary and Excess energy periods.  The typical definition of these periods is shown in Figure 3.18.  

These agreements normally include annual supply targets for Primary and Secondary energy and / or 

requirements for minimum Primary Energy availability in terms of hours per day over monthly and 

yearly periods.  Liquidated damages are often included in these agreements for failure to achieve the 

specified supply targets.  The supply targets are sometimes mitigated by a dispatch recovery process 

which allows shortfall in a dry year to be recovered in a subsequent wet year.  These shortfall recovery 

arrangements normally run in cycles of several years with a compulsory financial settlement process 

at the end of each cycle and a limit on how much shortfall and excess can be accumulated.  The power 

off-taker usually has energy purchase commitments in the Primary and Secondary tariff bands and 

these commitments are sometimes different for each month of the year. 

Agreements for domestic energy purchase in Laos are typically not time of day agreements and offer 

a flat rate for energy.  These agreements will usually include a supply and purchase commitment and 

a dispatch shortfall recovery process similar to the export agreements. 
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Figure 3.18.  Energy Tariff Periods. 

It is anticipated that most mainstream projects that are the subject of this case study will supply the 

export and domestic energy markets through separate power purchase agreements and dedicated 

units for each power off-taker. 

The details and tariff levels in power purchase agreements between developers and the power off-

takers are confidential. However, for the purposes of this case study it is necessary to estimate a 

commercial value for energy. Based on knowledge of regional conditions and commercial 

arrangements that are in the public domain it is suggested that the purchase prices for energy in Table 

3.29 are likely to be typical for the mainstream projects at 2016 rates. Some power purchase 

agreements make provision for escalation but this is typically not an annual adjustment and is 

managed by a tariff change in blocks of 5 or 10 years.  Such adjustments are normally not full escalation 

corrections and the real value of energy going forward therefore reduces. 

Table 3.29. Typical Energy Generation Tariffs. 

Energy Type 
Sale Price 

(USc) 

Primary energy for export 8 

Secondary energy for export 5 

Base load energy for export 7 

Domestic energy 6 

 

In the event that the energy output of a main stream project is reduced by the requirement for an 

environmental mitigation measure this must be forseen by the project developer. The project 

developer must negotiate a tariff PPA on the basis of their overall project economics and risks involved. 

If the mitigation are found not to be sufficient to meet the targets of the Environmental Management 

Plan (EMP) the developer/operator must absorb the additional cost of adapting operations if this was 

not forseen in their initial PPA. A higher energy tariff can also be negotiated and then the economic 

cost of mitigation will be borne by the consumers through an adjustment in the end user tariff. 
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In order to make the Case Study hydropower modelling task more manageable, a simplification was 

made in assuming that hydropower energy is exported. Consequently the last row in the table above 

can be disregarded. 

The daily peaking strategy considered in Scenario 1.3 can readily be accommodated in a conventional 

energy sales PPA and should typically represent a revenue enhancement to the developer.  The 

sediment flushing strategy considered in Scenario 1.2 is more challenging.  Reservoir draw down and 

flushing causes loss of energy but the determination of loss in each year will be very difficult to assess 

because of the interaction between the projects and the absence of a baseline against which loss can 

be measured.  The challenge will be even greater if a programme of adaptive management is pursued, 

since this will require a continuous change in operating requirements. This challenge will be most easily 

taken care of if the projects is dispatched by a central authority to achieve optimal cascade 

performance (see also Chapter 3.1.3). 

An additional consequence of an environmental mitigation measure that reduces energy output is that 

the energy reduction must be made up from an alternative source of supply.  The alternative source 

will most probably have a different production cost and can in some cases be more environmentally 

damaging.  The transfer of generation from hydropower to coal fired generation, for example, is 

unlikely to be a positive environmental undertaking. 
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4 Description of Modelling System and Approach 

4.1 Description of Mekong system to be modelled 

4.1.1 Geographical subdivision 

In order to select the correct models for hydropower risk and environmental impact mitigation in the 

Mekong, the geographical layout or the position of the model in the basin, is an important criterion.  

 

The LMB can be divided into the following stretches for the purpose of the modelling: 

1. Chiang Saen – Vientiane 

2. Vientiane – Phnom Penh 

3. Tonle Sap system 

4. Phnom Penh – start Mekong Delta 

5. Mekong Delta 

 

The first stretch is chosen to represent the reach with and without the dam cascade (and mainstream 

reservoirs), as well as the transition from a bedrock dominated channel to a fully alluvial sand-bed 

channel. This stretch forms the subject of the case study of the Lao cascade (see also details in chapter 

2.2). 

The next stretch from Vientiane to Phnom Penh represents the main river and the tributaries that are 

now modelled using the DSF modelling suite. The boundary at Phnom Penh is chosen as this is the 

location of the start of the point of inflow towards the Tonle Sap system. 

A special case is the Tonle Sap lake system with the bi-direction flow system connected to the Mekong 

River at Phnom Penh. 

The fourth stretch is the last part of the Mekong River, with tributaries up till the point of noticeable 

impact of the tides on the flow. Evidently, this is not a well-defined location, but for the purpose of the 

present study, it is sufficient to use a point below which the impact of the mitigation measures on the 

salt intrusion might become noticeable. 

The fifth stretch represents the Mekong Delta, which is a very complicated system with tidal influence. 

Here, particular attention needs to be given to salt-water intrusion that has a direct impact on irrigation 

water availability and fishery. 

Considering the application of models in the case study of IHS0306, the geographical layout can be 

roughly lumped into three parts, as shown in Figure 4.1. 

1. Upper Mekong Basin, upstream from Chang Saen 

2. Lao cascade reach, including the Pakbeng, Luangprabang, Xayaburi, Paklay, Sanakham and 

dams and their reservoirs (impact zone 1) as well as impact zones 2 and 3 (see Chapter 

2.5.1). 

3. Lower Mekong Basin. 
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Figure 4.1. Geographical layout of the modelling domain, applied to the upper Lao Cascade. 
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In order to assess the impacts of dams and measures, simulations are required of the entire LMB. 

Depending on the location of the considered dam cascade, certain parts of the domain can be 

replaced/added with additional hydropower-modelling and reservoir models. For the case study in 

ISH0306, impacts will be assessed at and downstream of the Lao Cascade. Nevertheless, for many 

impacts it is the full LMB, starting from Chiang Saen, which needs to be included in the modelling. 

4.1.2 Dominant processes to be modelled 

The following processes will need to be modelled: 

1. Rainfall-runoff in the tributaries 

2. Sediment input from the various tributaries 

3. Flow routing through the main channels 

4. Sediment routing with the flow routing 

5. Tonle Sap system, including sediment and water quality issues (to be studied in 2017) 

6. Salt-water intrusion in the Mekong delta (to be studied in 2017) 

 

An overview of the various processes along the main river is shown in Figure 4.2.  

 

 

Figure 4.2. Dominant processes along the Mekong River. 
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4.2 Modelling approaches for specific processes and functions  

4.2.1 MRC Decision  Support Framework (DSF) 

The presently available MRC Decision Support Framework (DSF) forms the basis of the modelling 

studies for the ISH0306 Case Study. For specific modelling of hydropower optimisation and detailed 

flows and morphology of the reservoirs, additional components have been introduced that connect 

and agree well with the DSF schematisations. Figure 4.3 shows the components of the presently 

available DSF, together with new additional components to be used for the cascade modelling. The 

eWater component is in fact part of DSF as it is a replacement of the obsolete IQQM module. 

 

Figure 4.3. Overview of modelling systems. 

4.2.2 Rainfall-runoff in the tributaries and the UMB (Chinese dams) 

The boundary conditions of the cascade models are formed by the inflow from the UMB (Lancang) and 

the various tributaries up to Vientiane. For the former, use will be made of the discharge and sediment 

concentrations as provided by the modelling of the UMB by the DSF suite of models. This is specifically 

necessary to simulate the future scenarios, as the measured records up till present only just start to 

show the impacts of the Lancang cascade. The existing databases for DSF scenarios (Council Study and 

BDP) contain results for hydrology with the lower six dams in the cascade (for which ISH0306 study 5, 

see Chapter 2.1), as well as the eight in Lanchang in the UMB. The impact of the lower six additional 

dams is considered relatively small compared to the lower Lancang cascade, as the latter contains 

significant larger storage reservoirs. 

Also for the tributary flows the simulated discharge series have to be retrieved from the DSF model, 

derived from a simulation for the BDP 2030 scenario, i.e. the chosen future state of development of 

tributary dams.  
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The following future scenarios are considered relevant for the relevant inflows to the cascade in this 

case study. 

Table 4.1. Future scenarios covered by the DSF model runs in Council Study and BDP2. 

Type Comment Expected 
availability 

Council Study 2008 with BDP 2030-20Y 
tributary development and UMB 

This condition is needed for the base 
condition. It contains both flow and 
sediment input from UMB and 
tributaries (not yet available). 

Prognosis: 2016 

Council Study development scenario 
2040 (tributaries 2030, main-stream 
dams and UMB) 

This is the preferred scenario for 
setting-up the cascade. However, the 
required conditions from the DSF will 
not be available in time for this 
project. 

Prognosis: 
March 2017 

BDP 2 scenario 2030-20Y hydropower 
development with hydrology 1985 to 
2008  

The original simulations from 2011 
were re-run with the updated (end 
2015) DSF model (IQQM and ISIS), but 
only for hydrodynamics not for 
sediment. The results from these runs 
form the base case of the Case Study 
modelling work. 

Available 

 

In the DSF modelling work the time-series of discharges and water levels is based on hydrological 

conditions for the period 1985-2007. However, the modelling work for the BDP 2 scenarios were 

completed in 2011, and is only based on conditions for the period 1985-2000. 

4.2.3 Sediment input from the various tributaries 

In the DSF sediment input to the cascade are proposed to be determined by the amount of catchment 

erosion, by instream sediment processes in the tributaries and reservoirs, and by sediment supply from 

the UMB. The DSF models are presently being prepared to calculate the sediment discharge in the 

Mekong basin (using SWAT and eWater sources). However, the relevant components and the 

calibration were not completed in time for usage in the ISH0306 case study (situation middle 2016).  

As an alternative, the potential sediment inflow from the tributaries and rivers have been estimated 

from a combination of results of the MRC’s DSMP monitoring (Koehnken, 2015), sediment-

balance/budget studies for the main-river, catchment size and erosion potential, and sediment trap-

efficiency of planned tributary dams. These data have partially been obtained from existing EIA’s for 

planned and constructed tributary dams, and updated with the above recent sediment data from the 

MRC.  

4.2.4 Reservoir cascade modelling 

In fact the most important part of the modelling for the Case Study is the reservoir simulations of the 

cascade. In the cascade the reservoirs are assumed to be connected in the sense that the tailwater of 

each reservoir is connected to the dam of the upper reservoir (with no or hardly any free-flowing river 

sections). The new detailed models for the cascade therefore need cover the full cascade reach without 

gaps that have to be filled in by the DSF. Two types of models are needed for the cascade (see chapter 

4.3 for details): 
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 Hydropower model for hydropower optimisation and joint operation; 

 Delft3D model for detailed flow and sediment movement in the reservoirs. 

For hydropower modelling HEC-ResSim was used, which is a public-domain software package in the 

HEC modelling suite. It is not fully resolving the flows in reservoirs and channels, but uses a water-

balance approach specifically designed for river systems with multiple hydropower reservoirs. The 

model makes use of the input series that are produced as part of the scenario simulations of the DSF 

and the results is then used as input to the Delft3D model. Due to the simplified approach for channel 

flow, the approach is showing limitations with respect to simulating the tail-water variations of 

individual reservoirs. This is however catered for by running MIKE11 in parallel. In Phase 4 the 

possibilities of connecting HEC-ResSim to the updated ISIS model in DSF will be investigated (eWater) 

as part of connecting the ISH0306 with the Council Study modelling. 

 

Figure 4.4. Schematic presentation of the cascade and the required data inputs from the DSF for the 
hydropower modelling. 

Figure 4.4 shows how the flow-discharge series for each time step at Chiang Sean (Qw(t)) and at 

tributary mouths (Qtrib,w(t)) are obtained from the DSF model calculations for chosen development 

scenarios, i.e. BDP2-2030. The figure also shows that at the downstream end, a water level time series 

from the DSF model runs is prescribed as well. The choice of the location of the downstream boundary 

will determine at which location the DSF has to generate the data. 

For detailed modelling of the flow and sediment processes in the reservoirs, use will be made of the 

open-source Delft3D software package. This modelling system allows for a 2- and 3-dimensional 

hydrodynamic simulation of the flow processes in the reservoirs including the erosion, sediment 

transport and deposition processes. It is also fully dynamic, which means that unsteady flow processes 

on small time scales (minutes) can be resolved, with bed-level and bed composition update at each 

computational time step.  

For each of the reservoirs in the cascade, a separate model has been built and the results of the 

upstream reservoir form the input for the next downstream reservoir. In this way the flow conditions 

and impacts are routed through the cascade. Figure 4.5 shows one single model within the series of 

connected Delft3D models in the cascade, and how data from DSF and hydropower modelling is used 

Chiang
Sean

Upstream 
inflow from DSF 
Qw(t)

Downstream 
level from DSF 
h(t)

Vientiane 
or Pakse
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as input to the Delf3D model. Note that for this model also sediment loads have to be prescribed as 

function of time at the upstream boundary and from tributaries. The inflow of water and sediment at 

the upper boundary follows directly from the output of dam spills and power releases from the 

upstream Delft3D model. For the first (upstream) Delft3D model, for Pak Beng, the inflow from Chiang 

Sean coming from the DSF has to be used. 

 

Figure 4.5. Schematic presentation of a Delft3D model for one reservoir, with indication of data input 
from the DSF and hydropower modelling. 

The various mitigation options that has been studied, to assess their efficiency for incorporation in the 

Guidelines, is represented in the 3D model according to their particular characteristics. Operational 

measures can be simulated mostly by prescription of operation levels of the reservoir pool, and the 

outflows at different outlets at the dam. The results of the simulation of the most downstream 

reservoir will form the input for the subsequent simulation of the downstream processes along the 

mainstream. 

4.2.5 Flow routing through the main channels downstream 

Modifications in flow conditions in the reach downstream of the cascade can be assessed using the 

one-dimensional river models. Most of these impacts, such as changes in hydrograph of hydropeaking, 

will travel down as damped long waves, for which these 1D models are well suited. The input of flow 

conditions at the lower dam (Sanakham dam) is directly coming from the lower Delft3D model as time 

series of water discharges and sediment loads. Tributary inflows are taken from the DSF models 

(similar to the hydropower and reservoir modelling).  

Downstream from the lower dam of the cascade, the ISIS one-dimensional modelling module of the 

DSF can simulate the relevant unsteady-flow processes with very small timescales (ranging from days 

to hours). The model is therefore suitable to simulate even the effects of variations caused by hour-

to-hour operation, such as with power peaking. The model includes both main-channel and floodplain 

flow, but does not fully resolve the details of the flow variations in the cross-section. Details of higher 

Pool level from 
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model z(t)
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resolution (e.g flow in side channels, or inundation depths per cell in flood plains) require the more 

detailed 2D/3D models in DSF, or can be based on post processing and expert opinions of the 1D model 

results. The choice for this approach depends on the availability of relevant 3D models and their 

support for the considered reach. The focus of the modelling has been for the 2nd Interim Phase on the 

reach downstream of the cascade, down until Pakse (zones 2 and 3). This limitation is imposed due to 

the difficulties that still exist to model the flows through the section of the four-thousand islands, using 

the 1D modelling approach in the DSF. For this purpose, the resulting series from the cascade 

simulation will be used as input for the DSF modelling in Phase 4, 2017.  

4.2.6 Sediment routing through the main channels downstream (Zone 2 and 3, with the 

flow routing) 

In line with routing flows through the lower reach, it is best to use the ISIS modelling system to also 

route the sediments. For this purpose the time series of discharges from the lower dam, as well as 

sediment loads from this dam (out of the Delft3D model), have to be used. In addition, a simplified ISIS 

version with a limited number of cross-sections was used.  

4.2.7 Tonle Sap system, including sediment and water quality issues (to be considered 

in Phase 4, 2017) 

For the simulation of the expected impact of various mitigation measures in the cascade, it is important 

to assess the changes that may occur in the flow system of Tonle Sap. This is a complicated system, 

especially if the sediment and water quality issues need to be addressed as well. A quick assessment 

with an approximate or analytical approach, following changes in Mekong flows and loads at Phnom 

Penh, is considered unreliable due to this complexity. For the water balance of the lake, it would be 

possible to use a simple approach based on volumes, but for sediment and water quality this is not the 

case. Still, it is necessary to make a first judgement on the basis of these conditions at Phnom Penh, in 

order to propose a limited number of situations / scenarios for further more detailed analysis.  

We will re-assess the DSF, and consider the best suited model for simulating detailed flow, sediment 

and water quality for the river and lake. Expected impacts of mitigation measures on the conditions 

may have been sufficiently damped to consider them of secondary order compared to regular flow 

changes. It is therefore assumed that in this assessment it is possible to use existing DSF results (from 

the Council Study scenarios) to estimate the impacts on Tonle Sap (by expert-judgement and 

interpolation of results of various runs). 

4.2.8 Salt-water intrusion in the Mekong delta (to be considered in Phase 4, 2017) 

The impact of mitigation measures in the Lao cascade on the Mekong delta are likely to be small given 

the large distance between the two sites and the major amount of water that enters the river from 

intermediate tributaries. However, an impact may be expected particularly during the dry season on 

the flows and in general on the sediment influx. The complexity of the Mekong delta does not allow 

for an in-depth analysis of the system, but an indication of the expected changes due to the changes 

in the flows particularly during the dry season can be made, e.g. on the salt-water intrusion that has 

implications for the irrigated agriculture and fisheries in the delta. For this purpose, use can be made 

of an analytical method that was developed and successfully applied for the Mekong delta by Savenije 

from Delft University of Technology and Nguyen from UNESCO-IHE (Nguyen and Savenije, 2006). This 

method will be used in the present study as well. The Delta assessment is to be undertaken in Phase 

4, in 2017.  
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4.3 Details on hydropower and Delft3D reservoir modelling 

4.3.1 Introduction and overall setup 

As presented in the previous section, to quantitatively design and evaluate the potential mitigation 

measures of the Lao Cascade, a suite of special models has to be applied. It is important that these 

models are part of the MRC, and therefore should be freely available for MRC after completion of the 

present study. It is also important that any new models are well connected (both results and exchange 

of information) to the existing modelling framework of MRC, i.e. the DSF system. 

In Figure 4.6 an overview is given of the various steps of the modelling activities. The input towards 

the cascade modelling has been based on existing (DSF) modelling efforts, whose results feed into both 

the HEC-ResSim/MIKE11 hydropower model and the Delft3D hydrodynamic model. The latter also 

makes use of the results of the hydropower model. The results of the Delft3D modelling forms the 

basis for the assessment of the impact of the various possible measures in the Lao cascade on 

sediment, morphology, water quality, fishery, etc. The assessment in the LMB downstream from the 

Lao cascade starts off from the results of the Delft3D modelling of the lowest reservoir. It will 

preferably be based (again) on the DSF modelling system for the main river, with the addition of special 

tools / techniques for the Tonle Sap and Mekong Delta. 

 

Figure 4.6. Layout of modelling framework. 

In the following paragraphs, the two main modelling systems will be discussed that will be used for the 

simulation of the Lao cascade. First the hydropower model, that produces part of the boundary 

conditions for the hydrodynamic (3D) model, which is discussed in the second part of this Chapter.  
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4.3.2 Hydropower model for the Lao Cascade 

4.3.2.1 Modelling system 

The main purpose of the hydropower modelling is to establish a relationship between different 

scenarios for hydropower and water resources management on one side and financial implications on 

the other. In most cases, this means loss of generation income as a consequence of mitigation 

measures or other imposed modifications/limitations to the exploitation of the hydropower potential, 

as part of the proposed Guidelines. Figure ES.1 in the Executive Summary, illustrates how the 

Methodological Framework for Hydropower modelling is undertaken. Comparison of modelled 

scenarios will put a “price tag” on various mitigating options. 

The three most important elements in the computation of income from energy generation at any time 

are 1) the energy tariff at the given time of the day and week; 2) the discharge through the turbines at 

the given moment, and 3) the hydraulic head at the given moment. The two latter elements are output 

from the hydropower model. 

4.3.2.2 Modelling software 

During the Inception phase, a considerable effort was made to examine and compare various 

commercial softwares packages for hydropower calculation. Around a dozen packages were 

considered. The most critical requirement for an adequate software package is the ability to carry out 

simulation on a short time step, i.e. around hourly basis in order to simulate hydropeaking. Most 

pakages failed to meet this requirement. In the end, the two softwares selected were MIKE11 and HEC-

ResSIM. MIKE11 is not a specialised hydropower or reservoir model but a 1-dimensional hydraulic 

model. Nevertheless, it is so generalised that also hydropower operation can relatively easily be 

simulated. 

HEC-ResSim is a freeware developed by US Army Corps of Engineers (USACE). The software is a lumped, 

conceptual model, and calculates the variation of reservoir levels based on water balance calculations. 

The model is very flexible when it comes to defining operating rules, but has some limitations when it 

comes to backwater effects on tailwater curves and transport time between the dams. 

To overcome these limitations, and provide more robust results, an additional model in MIKE11 has 

been developed.  Output from the MIKE11 model has been used to calibrate the river routing in HEC-

ResSim, and tailwater curves for HEC-ResSim are also imported from MIKE11. Most scenarios are 

calculated in both packages.  

4.3.2.3 Model set-up 

Xayaburi hydropower plant is currently under construction, but the other four dams are at a much less 

advanced stage of development, and the information about them is sparse. Because of this, it has been 

chosen to use the Xayaburi design as a “template” for the other hydropower plants when information 

is incomplete. 

Design flow and reservoir water level 

The design flow of Xayaburi is 5142 m³/s. Design discharge for the other hydropower plants has been 

scaled based on the Xayaburi flow, and the median flow in the river at the different dam sites. 
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Table 4.2. Design flows and supply levels for the 5 mainstream dams. 

 Design flow Full supply level Minimum supply level 

Pak Beng 4110 m³/s 340/33510 masl 334 masl 

Luang Prabang 4110 m³/s 310 masl 305 masl 

Xayaburi 5140 m³/s 275 masl 270 masl 

Pak Lay 5140 m³/s 240 masl 235 masl 

Sanakham 5140 m³/s 220 masl 215 masl 

 

Gates 

The capacity curves for the spillway- and flushing gates of the different dams are based on the Xayaburi 

gate curves presented in “Physical Hydraulic Model Study of Xayaburi Hydroelectric Power Project” 

(AIT, 2013). 

Result comparison between MIKE11 and HEC-ResSim  

The calculated power generation from the results of the HEC-ResSim model and MIKE11 are very 

similar, which strengthens the robustness of the results. In Phase 4, 2017, the HEC-ResSim results is 

planned to be compared with the updated ISIS options, in the DSF. The table below shows the HEC-

ResSim results in % of the MIKE11 results for the different scenarios and power plants.  

Table 4.3. Comparison between MIKE11 and HEC-ResSim. 

Scenario Pak Beng 
Luang 
Prabang Xayaburi Pak Lay Sanakham SUM 

1.1.0 100% 100% 100% 100% 101% 100% 

1.1.A 101% 100% 105% 100% 102% 102% 

1.1.B 101% 99% 105% 100% 98% 101% 

1.2.A 97% 100% 98% 98% 100% 99% 

1.3.0 99% 98% 98% 97% 96% 98% 

1.3.A 100% 99% 104% 96% 100% 100% 

1.3.B 100% 100% 104% 96% 100% 100% 

1.3.C 100% 100% 104% 96% 100% 100% 

 

Scenarios 1.2B, 1.2.C, 1.3.D and 1.3.E have not been simulated in both models, and are therefore not 

included in the table. 

Modelled Energy Output compared to previous studies 

The hydropower plants of the Laos mainstream cascade was first proposed in 1994, and since then, 

several different layouts and configurations of the projects have been studied. As only the design for 

the Xayaburi project is finalized, design assumptions based on the most recent available information 

have been made for the other four projects. These assumptions does not necessary comply with the 

                                                           

10 340 in wet season (jun-nov), 335 in dry season (dec-may). In scenario 1.1.0 and 1.3.0, the full supply 

level is set to 340 all year. 
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earlier studies, but even so, the modelled power generation for the total cascade is very close to the 

generation in the studies (98%).  

The table overleaf shows the difference between technical key data and power generation between 

the 2009 optimisation study (TOR scenario), and modelled generation (scenario 1.1.B). 

Table 4.4. Comparison between the case study and previous planning documents  
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HRWL masl 345 
340/ 
335 310 310 275 275 240 240 220 220 

Design flow m³/s 4400 4100 5500 4100 5142 5140 6600 5140 5500 5140 

Capacity MW 1230 965 1410 1090 1285 1400 1320 834 660 608 

Generation GWh 5370 4935 5480 6052 7370 7166 4880 4510 3697 3533 

Difference % 92% 110% 97% 92% 96% 
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4.3.2.4 Interconnection with other modelling 

One basic input to the HP model is runoff from upstream, i.e. inflow from China, as well as tributary 

inflows along the Cascade reach. These inflows will need to be provided by the DSF modelling team in 

order to reflect the future basin development. As was discussed already in Chapter 4.2.1, the actual 

future situation that will be used in this study will depend on the timely availability of the modelling 

results of DSF. 

The final output from the HP modelling is, as mentioned, generated income from power generation. 

Furthermore, intermediate outputs for pure hydraulic parameters constitute the boundary conditions 

for the Delft3D hydraulic sediment models that are discussed in the next chapter. In the HP modelling, 

one integrated model encompasses the entire cascade, whereas this would be impractical for the 

Delft3D modelling, which instead will establish separate models for each reach between two dams 

(plus the most upstream reservoir). Consequently, each Delft3D model reach requires a set of 

boundary conditions; an inflow (time series) at the upstream boundary and; a water level (time series) 

at the downstream boundary. The upstream boundary flow and sediment flux will come directly from 

the same Delft3D modelling of the reservoir directly upstream and these results will be compared with 

those from the HP modelling in order to ensure that these are sufficiently similar.  

There will be a larger number of model runs under HP modelling than under Delft3D sediment 

modelling. Under a given scenario, a number of HP model runs will be carried out to optimise the 

operation under that scenario, and only the final, optimised result, will be “coupled” with the Delft3D 

sediment model. In case the Delft3D sediment models show that the HP-modelled HP operation did 

not achieve its goal (i.e. with respect to flushing), a trial-and-error approach will be used in the two co-

operating modelling systems, until a satisfactory result has been reached. 

4.3.3 Detailed Delft3D reservoir modelling for the Lao Cascade 

For the detailed hydrodynamic simulations of the reservoirs, the open-source modelling system 

Delft3D is applied. This software is supported and maintained by Deltares, and its source code is freely 

available from the Deltares website. This modelling approach can be used to assess the dynamic (time 

dependent) and spatially varying hydrodynamics and geomorphology of the Mekong and the 

reservoirs. 

 

The full cascade and the reach between Sanakham dam and Paksane, have been modelled using the 

Delft3D software. The purpose of the model is to assess the effect of mitigation measures, and hence 

it is not used for full impact assessment at this time. Nevertheless, the approach and types of models 

can in principle also be used for quantifying impacts of the dams and reservoirs as well. The main aims 

of the detailed model are therefore: 

 

 Quantify the change in transport of sediments through the cascade (pulses) with and without 

sediment management; 

 Quantify the bed-level changes and amount of sedimentation in the reservoirs, for different 

mitigation approaches; 

 Quantify the changes in bed level in the downstream reach; 

 Quantify the changes in bed composition in the reservoirs and the downstream reach; 

 Quantify the morphological processes (erosion) and additional concentrations during flushing 

events. 
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The emphasis of the analysis is on the effects of the mitigation measures relative to the condition with 

operation on a full supply level, and does not focus on the impacts of the dams itself (although these 

are assessed as well) and not on mitigation of the impacts of Chinese dams and tributary dams. We 

can distinguish three phases in reservoir operation that characterise specific sediment processes and 

sediment management in the reservoirs. The three phases are reservoir filling, sediment sluicing or 

routing (operation at MOL), and sediment flushing with full water-level draw-down. 

 

 
 

Models have been set-up to simulate the erosion and sedimentation processes during all these three 

phases. This means that the models have to include the dynamics of flow (unsteady flow, time-

dependent emptying and filling, low-flow and high-flow conditions). In principle, the reservoir models 

are meant to support the development of an adequate sediment management strategy for the 

reservoir cascades, considering the three phases of sediment processes and management. 

More specifically the reservoir models are used to calculate: 

 

o detailed hydrodynamics: transverse and longitudinal variation in water depth, flow velocity, bed 

shear stress; horizontal and vertical circulation, and mixing processes; 

o suspended-load and wash-load concentration: advection-diffusion process; fall velocity versus 

turbulent mixing; sand-mud mixtures; 

o bed-load transport of sediment mixtures (gravel-sand mixtures); 

o bed composition changes of the active layer of the bed; under-layer book-keeping system; 

o sedimentation and erosion of the bed; 

o non-erodible layers, such as bed rock sections;  

 

Most of the dams are projected on the river section that is considered as the bedrock reach. In this 

steep river section the bed of the deep channel consists of bed rock or very coarse material (cobbles, 

rocks). The gravel and sand fractions that constitute the main transport of the river are mainly found 

in sand bars in lateral eddy zones along banks, and in the wake of rock outcrops in the channel. The 

Delft3D software 

Delft3D is a world leading 3D modelling suite to investigate hydrodynamics, sediment transport 

and morphology and water quality for fluvial, estuarine and coastal environments. The FLOW 

module is the heart of Delft3D and is a multi-dimensional (2D or 3D) hydrodynamic (and transport) 

simulation programme which calculates non-steady flow and transport phenomena resulting from 

tidal and meteorological forcing on a curvilinear, boundary fitted grid or spherical coordinates. In 

3D simulations, the vertical grid is defined following the so-called sigma coordinate approach or Z-

layer approach. The MOR module computes sediment transport (both suspended and bed total 

load) and morphological changes for an arbitrary number of cohesive and non-cohesive fractions. 

Both currents and waves act as driving forces and a wide variety of transport formulae have been 

incorporated. For the suspended load this module connects to the 2D or 3D advection-diffusion 

solver of the FLOW module; density effects may be taken into account. An essential feature of the 

MOR module is the dynamic feedback with the FLOW and WAVE modules, which allow the flows 

and waves to adjust themselves to the local bathymetry and allows for simulations on any time 

scale from days (storm impact) to centuries (system dynamics). It can keep track of the bed 

composition to build up a stratigraphic record. The MOR module may be extended to include 

extensive features to simulate dredging and dumping scenarios. 
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model results show that only in these zones, shear stresses are low enough to allow some deposition 

of sand. The figures below show, for a typical bedrock section of the Pak Beng reservoir reach, how 

sediment is modelled along the banks. The details of eddy formation and sediment entrapment in 

eddies, are not reproduced exactly due to coarseness of the grid and absence of data. Nevertheless, 

this process is mimicked by the model to some extent, and shows deposition along the banks in areas 

where deposition is expected and can be observed from other sources, such as Google Earth or from 

the field visits. 

 
Figure 4.7. Google Earth image for Pak Beng reservoir, km 2274-2278, showing lateral sediment bars. 

 

 
Figure 4.8. Photograph of typical lateral sand bar in Pak Beng reservoir, around km 2286, field visit 

Nov 2015. 
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Figure 4.9. Fine sand fraction in river bed, Pak Beng reservoir without dams (Base Case scenario), km 

2274-2278. 

 
Figure 4.10. Cumulative erosion and sedimentation in Pak Beng reservoir, km 2274-2278, showing 

development of lateral sediment bars. Yellow zones along the banks indicate areas with deposition 

(sand bar growth). 
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Scenarios with different operational mitigation strategies require a full dynamic (unsteady) approach, 

covering periods of at least one year with the relevant discharge and reservoir-level variations (the full 

hydrograph). 

More details of the approach, and the 2D and 3D modelling characteristics, are presented in the Annex 

A of this report. 

4.3.3.1 Modelling of operational mitigation measures 

Flushing and sluicing operations are measures that have to be simulated fully dynamic with reduced 

reservoir levels and high inflows. When dealing with this kind of operations, it is necessary to consider 

the following three phase of operation: 

Filling 

 Discharge is blocked. Flow velocities drop 

 Significant sedimentation 

 

Water level at Minimum Operating Level: sluicing 

 During flood: maintain high velocity 

 Balance erosion and sedimentation 

 

Water level draw down: flushing 

 Flow velocities increase in lower reach 

 Channel erosion 

 

Figure 4.11 shows which processes determine the sediment balance of the reservoir, and which have 

to be modelled. Flushing and sluicing can be used to influence the components “transport” and 

“entrainment/deposition” in this figure (higher velocities cause increased transport etc.). 

 

Figure 4.11. Relevant processes for modelling sediment management operation measures. 

Flushing and sluicing can be modelled simply by lowering the water-levels imposed on the outflow 

boundary (i.e., the dam), to mimic the release of through gates or spillways. The corresponding outflow 

is automatically computed, but it can also be imposed as additional extraction near the dam. Lowering 

the water levels in the reservoir pool raises the flow velocity, and initiates erosion along the reservoir. 

During full draw down (especially with a sudden drop of water levels at the dam by using large outlet 

Entrainment 

and deposition

Inflow of 

sediment
Outflow of 

sediment

transport
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sluices) the flow velocities temporarily increase significantly in a zone that extends beyond the width 

of the main channel. But, after the full reservoir is drained, the velocities drop again to moderate 

values. The slower the down-ramping, the less intensive is this effect of increased erosion. 

An example of the computed evolution of bed-shear stresses during draw down is presented in Figure 

4.12, after imposing the water-level draw down as shown in figure 4.13. The figures show bed-shear 

stresses computed with Delft3D for the Pak Beng reservoir for a condition with discharges in the order 

of 2500 m3/s at Chiang Sean. The bed-shear stress for the full draw down condition is an order of 

magnitude larger than during the situation with normal pool level. The highest bed shear stresses are 

found in the deep channel, while banks (with most sediment deposits) are less exposed.  

  

Figure  4.12. Bed shear stress computed for draw down flushing at Pak Beng reservoir: left, before 

draw down; right, during full draw down. 

  

Figure  4.13. Delft3D result Pak Lay reservoir: outflow of sediment (concentration in mg/l) as function 

of time, and water level at the dam. Left, draw down with ramping 0.1 m/hr; right, draw down 

without ramping constraint. 

It should be noted that for both flushing and sluicing, the results are highly dependent on the choice 

of critical shear stresses for erosion and the fall velocity of the suspended sediment fractions 
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4.3.3.2 Modelling downstream impacts  

As was mentioned earlier, the impacts of mitigation measures on the downstream reach are mainly 

related to modified hydrograph (changed time-series of the discharges) and sediment supply. The 

assessment of these impacts requires knowledge on propagation of long waves, i.e. damped 

propagation downstream. It also requires insight in the main-channel and flood plain hydrodynamics, 

and influences on inflow and outflow to Tonle-Sap. Finally it is necessary to consider sediment routing 

of low and high sediment concentration releases (e.g., during flushing). The impacts will be studied 

using simplified models, highly based on the DSF models. More specific information on the use of the 

1D approach has already been discussed in this Volume 4 of the report. A number of case study options 

have been defined that should form the basis for the assessment of the efficiency of the various 

possible mitigation measures that has been discussed in the Gudelines (Volume 1) and the Manual 

(Volume 2) of the 1st Interim Report (MRC, 2015). 
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5 Assessment of Environmental Impact Mitigation and Economic 

Consequences of the Various Scenarios 

5.1 General 
Chapter 5 comprises detailed assessment of the scenario modelling and the associated impact 

mitigation for each theme, based on the indicator framework outlined in Chapter 3.1. At the end of 

Chapter 5 (Chapter 5.7) a joint evaluation of the scenarios andmitigation measures are outlined, based 

on the indicator framework. Details of the indicators framework with its associated measures and 

scenarios are attached to Annex F. 

5.2 Overall Hydrology and Flows Impacts 
The first impact that needs to be assessed is the change in the river regimes due to hydropower 

development. Most of the other impacts are a function of the change in hydrology, particularly the 

sediment transport, but also the fish migration. However, it is not necessary to have large changes in 

the river hydrology to find major changes in the sediment and/or ecological values of a river (see 

chapters 5.3 to 5.5). Many changes are particularly related to the changes in flow velocity due to the 

presence of a reservoir, even if the volume is relatively small, and the interruption of the continuity of 

the water body by a dam on the river. In this chapter, the expected impact of the changes in flow 

regime on the Lao cascade is described that forms the pilot reach of this study. 

5.2.1 Description of Local and Cumulative Impacts 

5.2.1.1 Compliance with PMFM flow procedures 

In order to judge the compliance of the river discharges with the PMFM flow procedures (Procedures 

for the Maintenance of Flows on the Mainstream), an assessment is made of the discharge series of 

the various scenarios at a key location at the end of the Lao Cascade. For this purpose, location ‘1572’ 

is used, which is directly upstream from Vientiane, for which criteria are available in the PMFM. The 

criteria have been established between the member countries of MRC and summarized in Technical 

Guidelines11 that give a description of the procedure and how the guidelines should be applied. For 

some issues, like the planning purposes in the dry season, no consensus has yet been reached and the 

guidelines are still in a draft state. Still, it is useful to assess whether the flow series from the model 

simulations of the Lao cascade for the various scenarios, comply with the criteria.          

The PMFM makes a distinction between criteria for planning and for monitoring. In this case evidently 

use should be made of the planning criteria. Criteria exist for both dry seasons flow and for wet season 

flow, with values per month. The acceptable flows framework for planning purposes during the dry 

season is based on the monthly average discharge in the dry season (December-May) during 1986-

2000, as simulated by the Baseline scenario in the DSF at Vientiane . For the flood season, the flows 

framework for planning purposes is the daily average peak flow during the flood season (July-October) 

of the same baseline flow regime (1986-2000) at Vientiane. 

The criteria are shown in the following figures. 

                                                           

11 MRC (2011): Technical Guidelines on Implementation of the Procedure for Maintenance of Flows on the 

Mainstream. Draft Final report, 10 October 2011. 
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Figure 5.1. Dry season planning purpose flow criteria (Vientiane). 

 

Figure 5.2. Wet season planning purpose flow criteria (Vientiane). 

An analysis is made of the discharge series for the various scenarios, together with the historical series. 

For this purpose, a frequency analysis is made of the 24 years daily simulation results and the historical 

flow series. The following comparisons have been made: 

 Dry season planning:  

o 90% FDC  versus 90% simulation flows 
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o 90% FDC versus minimum observed daily flows 

 Wet season planning: 

o Threshold values versus 90% simulations flows 

o Threshold valus versus maximum observed daily flows. 

The results are shown in Figures 5.3 to 5.8. 

Dry Season Flow 

 

Figure 5.3. Scenario calculations with PMFM flow criteria (dry season at Vientiane) – 90% values 
(monthly values). 

For the dry season (December – May) criteria, the 90% monthly historical flows follow rather well the 

90% line of the criteria, which indicates that this criterion is valid for the period for which it was derived. 

This is an important remark, because for the other lines in the graph, starting with BDP2030, the 90% 

monthly flow values lies significantly higher (with the exception of two of them), about 500 m3/s, at 

the onset of the dry season, with in general very little variation between the various scenarios. This is 

probably due to the large increase in average dry season flow since the start of operation of the 

Chinese dams, which produce significant higher flows in the dry season when turbine flow is at a 

maximum. This implies in fact that the present 90% criterion is obsolete and will need to be adjusted 

to the new situation. The Lao cascade has hardly any influence on the low flow characteristics, as 

will be discussed in the following paragraphs on seasonal flow. 

A graph is also shown for the compliance of the 90% daily flow values for the historical and scenarios 

series. Here most of the flow values are also significantly above the 90% criterion and the large increase 

in dry season flow compared to the historical situation is evident. 



123 
 

 

Figure 5.4. Scenario calculations with PMFM flow criteria (dry season at Vientiane) – 90% values. 

 

Figure 5.5. Scenario calculations with PMFM flow criteria (dry season at Vientiane) – Absolute 
minima. 

Even for the most severe case, using the absolute minima for each day in the 24 years simulation series 

for each of the scenarios, the low flows of BDP2030 and the various scenarios do not underpass the 

dry season criterion, with the exception of scenario 1.3D, which does violate the criterion in a few 

cases. Given the fact that this is a very extreme case, using the absolute daily minima in a 24 year 
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series, it can be concluded that the introduction of the Lao cascade, and any of the measures that 

are represented by the various scenarios, will not lead to violation of the dry season PMFM criterion. 

Wet season flow 

 

Figure 5.6. Scenario calculations with PMFM flow criteria (wet season at Vientiane) – Absolute 
maxima. 

For the wet season (July – October), there is a remarkable difference between the threshold line and 

the historical series, which implies that the present threshold line is too low and exceeding of the line 

can be expected. Still, the frequency analysis of the scenario flow series show that these series have 

lower maxima, particularly in the start of the wet season, which is probably due to the filling of the 

Chinese dams. Once the wet season is more advanced, there is not much difference with the historical 

line as most of the reservoirs will be full and the inflow will be close to the outflow. This is even more 

visible on the graph for the 90% values, which show less variation. 
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Figure 5.7. Scenario calculations with PMFM flow criteria (wet season at Vientiane) – 90% values. 

Therefore, although the scenario flows do exceed the PMFM wet season threshold, in our opinion 

this threshold is placed too low as the historical flows particularly in the start of the wet season are 

significantly higher than the threshold. As an extreme example, the 50% frequency values are shown 

in figure 5.8. Only in that case, the flow values remain entirely below the threshold. 

 

Figure 5.8. Scenario calculations with PMFM flow criteria (wet season at Vientiane) – 50% values. 
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5.2.1.2 Seasonal flow distribution 

The impacts of the development of the Lao cascade, both individual and cumulative for the five 

reservoirs, is limited due to the small volume of the reservoirs (see also Chapter 3.3). In most cases, 

the residence time of the reservoirs is in the order of days, and even at the onset of the wet season, 

with the reservoirs filling up, there will be no major change in the river regime. In the overall context 

of the Lao cascade with the major reservoirs in the Lancang River, the impact of the Lao cascade on 

the hydrology is minor (see also previous sub-chapter). This was also illustrated already in Chapter 2.2 

of Volume 2 – The Manual – 1st Interim Phase Report (fig. 2.12) for the Pakbeng dam (MRC, 2015). 

The following graphs and tables compare the seasonal flow indicators (see chapter 3.3.1) of all cascade 

scenarios (i.e. Sc.1.1.0 to 1.3.E). The results are presented representatively for one location in the 

cascade (M2020, zone 1) and one location downstream of the cascade (M1572, zone 2).  

5.2.1.2.1 Seasonal flow distribution in zone 1 

The wet season onset and duration are provided in Table 5.1. Again, the end of the wet season is not 

given separately, as it is included in the duration of the wet season (for details see Annex D1). It is 

clearly visible that the onset and duration does not significantly differ between the individual 

scenarios.  

Table 5.1. Onset and duration of the wet season for M2020 (upstream of Luang Prabang town) 
representatively for zone 1 and for all cascade scenarios. 

Scenario 
 

Wet season onset Wet season duration 

Sc. 1.1.0 
25 Jun 

±39 days 
142 days 
± 37 days 

Sc. 1.1.A 
25 Jun 

±39 days 
142 days 
± 37 days 

Sc. 1.1.B 
25 Jun 

±39 days 
142 days 
± 37 days 

Sc. 1.2.A 
25 Jun 

±39 days 
143 days 
± 37 days 

Sc. 1.2.B 
25 Jun 

±39 days 
142 days 
± 37 days 

Sc. 1.2.C Not calculated Not calculated 

Sc. 1.2.D Not calculated Not calculated 

Sc. 1.3.0 
25 Jun 

±39 days 
142 days 
± 37 days 

Sc. 1.3.A 
25 Jun 

±39 days 
142 days 
± 37 days 

Sc. 1.3.B 
25 Jun 

±39 days 
142 days 
± 37 days 

Sc. 1.3.C 
25 Jun 

±39 days 
142 days 
± 37 days 

Sc. 1.3.D 
26 Jun 

±39 days 
142 days 
± 37 days 

Sc. 1.3.E 
25 Jun 

±39 days 
142 days 
± 37 days 

 

Also the flow volume of the wet season does not differ between the cascade-scenarios.  
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Figure 5.9. Summed wet season discharge (in Mil. m³) in zone 1 (M2020) and all cascade scenarios. 

5.2.1.2.2 Seasonal flow distribution in zone 2 

Also in zone 2, the values do not differ between the Scenarios. However, there are two “outliers” 

(marked with * in the table) for Scenario 1.3.D. Some short-term fluctuations caused by the modelling 

of the mitigation measures caused a wrong identification of the season for some years over the 24-

year period. Consequently, it seems legit to state that the scenarios do not differ with regard to their 

seasonality.  

Table 5.2. Onset and duration of the wet season for zone 2 (M1572) and all cascade scenarios. 

 Wet season onset Wet season duration 

Sc. 1.1.0 
21 Jun 

±19 days 
143 days 
± 24 days 

Sc. 1.1.A 
22 Jun 

±18 days 
142 days 
± 24 days 

Sc. 1.1.B 
22 Jun 

±18 days 
142 days 
± 24 days 

Sc. 1.2.A 
21 Jun 

±18 days 
144 days 
± 24 days 

Sc. 1.2.B 
22 Jun 

±18 days 
142 days 
± 24 days 

Sc. 1.2.C Not calculated Not calculated 

Sc. 1.2.D Not calculated Not calculated 

Sc. 1.3.0 
21 Jun 

±19 days 
143 days 
± 24 days 

Sc. 1.3.A 
22 Jun 

±18 days 
142 days 
± 24 days 

Sc. 1.3.B 
22 Jun 

±18 days 
142 days 
± 24 days 

Sc. 1.3.C 
22 Jun 

±18 days 
142 days 
± 24 days 

Sc. 1.3.D 
*(12 Jun 

±36 days) 
*(155 days 
± 34 days) 

Sc. 1.3.E 
22 Jun 

±18 days 
143 days 
± 24 days 

* Short-term flucatuations due to modelling caused wrong identification of season. Values are not representable and are not 

related to the respective scenario. 
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Also in zone 2, the flow volume of the wet season does not differ between the cascade-scenarios. Only 

Scenario 1.3.D shows slightly higher values, which is again caused by a wrong delineation of the wet 

season and is therefore negligible. 

 

Figure 5.10. Summed wet season discharge (in Mio. m³) in zone 2 (M1572). 

Finally, also the daily flow characteristics were assessed and compared for the cascade scenarios. It 

can be seen that the differences are so marginal, that the individual lines cannot be distinguished 

(Figure 5.11). 

 

Figure 5.11. Flow duration curve for zone 2 (M1572) and all cascade-scenarios. 

Again, Violin plots were used to show the difference between all scenarios and zones 2 and 3. Figure 

5.12 reveals only slight differences between the scenarios, which are too marginal to reflect a seasonal 

flow change. 
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Figure 5.12. Violin plots showing the daily flow distribution in zone 1 (M2020 and Sanakham dam) and 
zone 2 (M1572) for all scenarios. 

No assessments were made downstream of Paksane (zone 3), but since no impacts were detected in 
zones 1 and 2, seasonal changes in zone 3 are also assumed to be negligible.  

5.2.1.3 Sub-daily flow distribution 

While seasonal flow changes are negligible for individual cascade-scenarios, changes do occur, though, 

in the within-day flow fluctuations, which are a function of the operation of the various reservoirs 

(hydropeaking). These fluctuations can result in major disturbances of the flow velocities and 

consequently have important consequences for bank stability, sediment transport and fish population. 

The ecological risks related to sub-daily flow changes was discussed in chapter 2.3.4. As was mentioned 

in Chapter 2.3 of Volume 2 – The Manual – 1st Interim Report (MRC, 2015), hydropeaking can in 

principle easily be mitigated by the introduction of re-regulation dams directly downstream from the 

structure. 

Based on the reservoir characteristics short-term water storage is possible to deliver peak energy. Sub-

daily flows are shifted from hours with low energy price to hours with high energy prices. The related 

short-term hydrologic variations cause several impacts on the aquatic ecosystem. Fast flow increases 

induce cathastropic drifts of macrointertebrates, small fish and larvae. The consecutive short-term 

reduction of flow causes a rapid dewatering of the shoreline area and might cause stranding of small 

fish and larvae. While the presence of peaking will always be related to drifting, the impact related to 

dewatering is highly dependent on the downramping rate. Scientific studies and natural flow variations 

in the Mekong suggest that no or minor impacts can be expected if the downramping rate is below 

5 cm/hour. Impoundment characteristics (e.g. impounded area) can be calculated for different 

headwater levels (i.e. a range of 5 m) and linked to the water-level changes (assuming a linear 

relationship) to assess the dewatered area per event.  
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5.2.1.3.1 Impact of sub-daily flow changes in zone 1 

Peaking event do only occur in Scenarios 1.3.0 to 1.3.E. Nevertheless, some of the plots are also shown 

for Scenarios 1.2, since the flushing is detected as short-term peaking by the indicators. This can also 

be seen in Figure 5.13, where especially the headwater level of Xayaburi reacts to the opening of the 

gates and indicates a fast downramping event in July for Scenario 1.1.A and August/September for 

Scenario 1.2.B.  

Since downramping occurs slower compared to upramping, some months show up to 60 % of hours 

with peaking, especially in the tailwater of Luang Prabang and for Scenario 1.3.0 (without any 

mitigation). This has, of course, a high impact on aquatic organisms which are flushed downstream or 

seek shallow areas with lower flow velocities during the peaks, where they are then at risk of stranding 

during the downramping events. Similar plots are provided for all impoundments, as well as 4 points 

downstream of Sanakham in Annex D2. 

 

Figure 5.13. Proportion of hours with downramping events faster than 5 cm/hr for each month in the 
impoundment of Xayaburi (LPD = tailwater of Luang Prabang dam, M2020D, M2004, M1936, XBU = 
headwater of Xayaburi). 

For each downramping event, the dewatered area was calculated, following the method described in 

chapter 3.3.2. By summing up the area which is dewatered during fast downramping (i.e. faster than 

5 cm/hr) and by dividing it by the total number of hours, the mean dewatered area per hour was 

calculated (see Figure 5.14). It clearly shows, that Scenario 1.3.0 has the highest peaking intensities, 
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with scenarios 1.3.A to 1.3.C already decreasing in intensity. The lowest peaking intensities occur in 

scenario 1.3.D. The two bars for Pak Beng and Xayaburi reflect the downramping events related to the 

mitigation measures (dry season drawdown at Pak Beng and flood protection of Luang Prabang town) 

and can therefore be neglected, since they would be much slower in reality. In scenario 1.3.E 

downramping thresholds are only met by Sanakham. Since the dam cannot peak itself, the 

impoundment is less effective in processing the waves coming from the upstream dams, which is why 

the most downstream impoundment shows higher peaking in scenario 1.3.E compared to 1.3.C. 

 

Figure 5.14. Mean dewatered area in m²/hour (for all hours). 

To assess how the peaking waves behave within the impoundment, model results were assessed at 4 

sites for each impoundment. Figure 5.15 illustrates this for the impoundment of Xayaburi and for the 

dry season. While Luang Prabang Dam releases waves with an amplitude of 3 m (for scenario 1.3.), the 

range is reduced to less than 1 m at Luang Prabang town (M2004). 
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Figure 5.15 Peaking waves along the Xayaburi impoundment. 

5.2.1.3.2 Impact of sub-daily flow changes in zone 2 and 3 

Hydropeaking does not only impact the cascade itself but also acts downstream of the cascade. With 

regard to the impact assessment, it is of relevance how far downstream the peaking-waves propagate 

until they are equalized by the flowing wave and tributaries entering the Mekong. To assess the wave’s 

behaviour downstream, two test-waves were extracted from the time series at Sanakham. The data 

were extracted from 2002, which represents an average year, for the months January (dry season) and 

June (onset of wet season, since peaking does not take place at higher discharges) and for Scenario 

1.3.C. Figure 5.16 shows the peaking waves at Sanakham over each month (January and June). It is 

clearly visible that the peaking-waves are very homogenous for the dry season, while a greater 

variability is given at the onset of the wet season. The red bars highlight those waves, which were 

selected for a more detailed assessment (see overleaf). 
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Figure 5.16. Selected test waves for peaking assessment downstream of cascade (upper graph: 
January 2002; lower graph: June 2002) (waves in red blocks were selected for detailed assessment, 
see below).  

To assess how the waves propagate downstream, water level changes were also measured at 10 sites 

from Sanakham to Paksane. Since the water levels are expressed in meters above sea level and are 

therefore not directly comparable, the values were standardized by extracting the mean water level 

of the respective site and days included in the graph. The following figures illustrates well how the 

waves are attenuated in downstream direction in January (Figure 5.17) and June (Figure 5.18). Not all 

sites were included to the graph to increase the readability. 
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Figure 5.17 Attenuation of peaking-waves downstream of Sanakham (example January 2002). 

 

Figure 5.18. Attenuation of peaking-waves downstream of Sanakham (example June 2002). 
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Again, the down ramping rates were used to assess the harmful character of the peaking waves with 

regard to stranding of juveniles and larvae. The percentage of time where negative water level changes 

occurred faster than 5 cm/year was recorded and compared for the respective sites. Table 5.3 indicates 

that severe peaking occurs down to Vientiane in January and down to Chiang Khan around June and is 

quickly equalized further downstream. Again, also the amplitude decreases in downstream direction 

and shows values of 25 cm (June) to 45 cm (January) at Vientiane.  

Table 5.3. Percentage of time negative water level changes exceed 5 cm/hour. 

Percentace of time downramping 
exceeds 5 cm/hour 

Mean daily peaking 
amplitude in m 

Location January June January June 

Sanakham 30.7 21.3 2.27 0.86 

M1688D 29.0 16.6 1.73 0.65 

Chiang Khan 32.9 16.6 1.85 0.63 

M1592 35.8 5.0 0.90 0.36 

M1572 33.1 3.2 0.76 0.32 

Vientiane 14.8 1.6 0.45 0.25 

Nong Khai 1.2 0.8 0.14 0.18 

M1444 0.0 0.0 0.11 0.18 

M1404 0.0 0.0 0.06 0.15 

Paksane 0.0 0.0 0.04 0.14 

Nakhon Phanom 0.0 0.0 0.03 0.10 

Savannakhet 0.0 0.0 0.02 0.08 

Kong Chiam 2.8 2.8 0.03 0.20 

 

The results highlight that the directly related impacts of hydropeaking (i.e. stranding, drift) will not 

affect zone 3. 

5.2.2 Lao-Cambodian Floodplain Downstream of Zone 3 

As can be seen from Table 5.6 further downstream from the Lao cascade, the impact of the 

implementation, and subsequent operation, of the new reservoirs is less obvious. For this reason, the 

changes in the hydrology in the Mekong river along the Cambodian floodplains will be small. However, 

also here, changes in the short-term flow, due to dam operation, might lead to short flow pulses that 

lead to changes in the flow velocities. Such changes will, however, given the distance from the lowest 

dam in the cascade, be very small. 

5.2.3 Tonle Sap System 

Compared to the potential impact of the changes in the flow regime of hydropower operations on the 

Mekong tributaries close to the Tonle Sap system, the impact of the Lao cascade can be considered 

small. It should be stressed that the attention should be focussed on the developments in the nearby 

tributaries to assess the possible impacts on the Tonle Sap system, particularly the ‘3S’ system. 
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5.2.4 Delta Area  

In the Delta Area, hardly any trace will be found of the changes in flow regime due to the Lao cascade, 

especially compared to the impact of the existing (Chinese) dams and the expected impact of 

developments on the (nearby) tributaries, such as the 3S system. 

5.3 Sediment Impact Mitigation  
The following sections present the findings of the sediment and geomorphic investigations.  The 

findings are predominantly based on the results of the sediment model, with results and discussion 

presented by indicator.  For the indicator groups ‘Sediment loads and composition’ and ‘Geomorphic 

changes’, each scenario is discussed for the cascade reach, and for the reach between the last dam 

(Sanakham) and Paksane, which is the downstream extent of the sediment model.  Where possible, 

comments are provided regarding potential changes occurring downstream of Paksane. 

5.3.1 Indicators: Sediment loads and composition 

5.3.1.1 Scenario 1.1 –Sediment Loads and Composition-Cascade Reach (Zone 1) 

Scenario 1.1.0 – the base-case – includes the implementation of the 5-dam cascade being operated as 

a run-of-river system without any additional mitigation measures.  Sub-scenarios within Scenario 1.1 

include mitigation measures addressing water levels in Luang Prabang during flood events, reduction 

in water levels within the Pak Beng reservoir to limit impoundment water levels during the dry season 

and the provision of a flow for fish passage. 

The Deflt3D sediment model was used to evaluate the changes in the magnitude and composition of 

sediments transported through the cascade reach for scenario 1.1.0 (cascade without mitigation).  No 

additional sediment model runs were included for sub-scenarios 1.1.A and 1.1.B because the relatively 

minor changes to the flow regime associated with the mitigation actions included in those sub-

scenarios were not considered sufficient to alter the sediment transport regime in the river as 

compared to Scenario 1.1.0.  This is supported by the lack of change in hydrologic indicators such as 

flow duration or magnitude of the sub-scenarios as compared to Scenario 1.1.0 (see section 5.1). 

The sediment transport and grain-size distribution results for Scenario 1.1.0 (and considered applicable 

to Scenarios 1.1.A and 1.1.B) presented in table 5.6 are based on the average of the five final median 

flow years in the seven-year model sequence.  Results are presented for the upstream extent of the 

sediment model (Km 2347) to show the initial sediment input to the reach, and at the discharge 

locations for each of the dam sites in the case study.  The discharge from one dam was considered to 

be the input for the next dam downstream along with additional tributary inputs where appropriate. 

In table 5.4 the model results for the BDP2030 scenerio which includes the tributary and Chinese dams 

but not the cascade are provided for comparison.  Indicator values for sediment loads used in the mult-

criteria assessment were derived from the values presented in the indicator table in Annex F.  The 

median grain-size indicator was also based on these results.  
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Table 5.4.  Summary of sediment transport indicators related to sediment loads and sediment 

composition for the BDP 2030 scenario, Scenarios 1.1.0, 1.1B and 1.1.C. 

Indicator Scen 0.2 BDP 2030 
 

Scen 1.1.0 Run of Riv 
 

Scen. 1.1.A & 1.1.B  
 

Annual Sediment 
Load upstream of 
Cascade (Mt/yr) 
Km 2347 

12.2 Mt/yr 
Gr: 2% 

C Sand:8% 
M Sand: 23% 
F Sand: 63% 
Silt+Clay: 5% 

12.2 Mt/yr 
Gr: 2% 

C Sand:8% 
M Sand: 22% 
F Sand:63% 

Silt+Clay: 5% 

No change compared 
to 1.1.0 

Annual Sediment 
Load at Pak Beng 
Damsite 
(Mt/yr) 
Km 2188 
Input to Luang 
Prabang 

9.6 Mt/yr 
Gr: <1% 

C Sand:7% 
M Sand 11% 
F Sand: 60% 

Silt+Clay: 21% 

2.7 Mt/yr 
Gr: <1% 

C Sand:<1% 
M Sand: 1% 
F Sand: 16% 

Silt+Clay: 84% 

No change compared 
to 1.1.0 

Annual Sediment 
Load at Luang 
Prabang Damsite 
Km 2038 
Input to Xayabouri 

10.7 Mt/yr 
Gr: <1% 

C Sand:6% 
M Sand 11% 
F Sand: 63% 

Silt+Clay: 20% 

2.4 Mt/yr 
Gr: <1% 

C Sand:<1% 
M Sand: <1% 
F Sand: 2% 

Silt+Clay: 98% 

No change compared 
to 1.1.0 

Annual Sediment 
Load at Xayabouri 
Damsite 
Km 1931 
Input to Pak Lay 

13.5 Mt/yr 
Gr: <1% 

C Sand:5% 
M Sand 10% 
F Sand:57% 

Silt+Clay: 27% 

3.5 Mt/yr 
Gr: <1% 

C Sand:<1% 
M Sand: <1% 
F Sand: <1% 

Silt+Clay:100% 

No change compared 
to 1.1.0 

Annual Sediment 
Load at Pak Lay 
Damsite 
Km 1818 
Input to Sanakham 

22.5 Mt/yr 
Gr:  1% 

C Sand: 6% 
M Sand 18% 
F Sand: 59% 

Silt+Clay: 17% 

3.9 Mt/yr 
Gr:  <1% 

C Sand: 1% 
M Sand: 2% 
F Sand: 4% 

Silt+Clay: 93% 

No change compared 
to 1.1.0 

Annual Sediment 
Load at Sanakham 
Damsite 
Km 1737 

21.3 Mt/yr 
Gr:  1% 

C Sand: 5% 
M Sand 16% 
F Sand: 59% 

Silt+Clay: 20% 

6.0 Mt/yr 
Gr: <1% 

C Sand: 1% 
M Sand: 3% 
F Sand: 12% 

Silt+Clay: 84% 

No change compared 
to 1.1.0 

Gr= Gravel, C Sand = Coarse Sand, M Sand=Medium Sand, F Sand = Fine Sand 

Graphical comparisons of the model results for BDP2030 and Scenario 1.1.0 based on the values in the 

Table are shown in Figure 5.19 and Figure 5.20.  The sediment input into the top of the reach for both 

scenarios is dominated by sand.   

The sediment load in the BDP 2030 scenario shows a small decrease between the input (Km 2347) and 

the Pak Beng damsite, and progressive increases downstream, with another decrease at the Sanakham 

damsite.  The decrease in sediment load at Pak Beng is attributable to a reduction in gravel and sands 

being transported by the river, resulting in the sediment load being dominated by fine sand, with silt 

& clay being the next largest contribution.  These changes in sediment grain-size is consistent with the 

reduction in slope of the river, with these coarser size fractions only being transported at very high 
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flows.  A relatively high sediment load enters between the Xayabouri and Pak Lay dam sites, and gravel 

and sand is deposited upstream of the Sanakham dam site.  The reach between the Pak Beng damsite 

and Xayabouri dam site shows little sediment deposition, consistent with the reach being a sediment 

throughput zone.   

In comparison, the sediment load results for Scenario 1.1.0, show a substantial reduction in loads 

relative to the BDP 2030 Reference (Figure 5.20). 

Most sediment is lost within the Pak Beng reservoir, with loads decreasing from 12.2 Mt/yr to 2.7 

Mt/yr.  The sediment input that occurs upstream of the Pak Lay dam site in the BDP 2030 scenario is 

trapped locally within the Pak Lay reservoir, so does not appear as an additional reduction, but would 

contribute to a reduction in the volume of the impoundment.  In comparison to the BDP2030 

Reference scenario, there is a reduction in the total sediment load at the Sanakham dam site from 

21.3 Mt/yr to 6 Mt/yr.   

There is also a substantial shift in the grain-size distribution of the transported sediment in scenario 

1.1.0 with virtually all gravel, coarse and medium sand, and most of the fine sand captured within 

the impoundments.  The contribution of silt and clay to the sediment load increases from 35% of the 

total sediment load at the Sanakham dam site in the BDP 2030 Reference Scenario to 85% under 

Scenario 1.1.0, with fine sand contributing an additional 12% of the load.  This is a shift from the BDP 

2030 scenario in which fine sand comprised the majority of the loads.  The coarser sediment fractions 

(gravel, coarse and medium sand) constitute <4% of the load under Scenario 1.1.0, as compared to 

~15% in the BDP 2030 scenario. 

These results are in good agreement with the sediment modelling completed for the Mekong Delta 

Study, which predicted a post-cascade sediment load at Sanakaham of 6.2 MT per year, containing 5.5 

MT of silt (DHI, 2015). 
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Figure 5.19.  Sediment inputs and outputs at each of the dam sites under BDP 2030 Reference 
Scenario (top graphs) and Scenario 1.1 (bottom graphs).  PB= Pak Beng dam site LP = Luang Prabang 
dam site, XB Xayaburi dam site, PL = Pak Lay dam site, SK = Sanakham dam site. 

 

 

Figure 5.20. Comparison of sediment loads and grain-size distribution for the BDP 2030 Reference 
Scenario (top left) and Scenario 1.1 (top right) upstream of the cascade (PB ‘In’ Km 2344) and at each 
of the dam sites.  The gravel results are presented in the lower graphs with at a different scale for 
clarity.  Results based on average of 5 median flow years. 
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Figure 5.21.  Changes in sediment load by size-fraction in the BDP 2030 Reference scenario (left) and 
Scenario 1.1 (right).  A negative value indicates a reduction in sediment transport relative to the dam 
site upstream. 

The sediment loads for the BDP 2030 Reference Scenario and Scenario 1.1.0 are compared to the pre-

Lancang Cascade sediment loads at Chiang Saen in Figure 5.22, and show that sediment loads 

associated with the Lao cascade are projected to be ~30% of the BDP 2030 loads, and <10% of the 

pre-Lancang cascade loads.  It also needs to be recognised that over time, the BDP2030 ‘in’ sediment 

load is likely to decrease due to the depletion of the sediment resident in the mainstream river channel 

downstream of the Lancang Cascade, and in tributaries downstream of impoundments. 

 

 

Figure 5.22.  Comparison of average historic sediment loads at Chiang Saen (1968 – 2003) pre-
Lancang cascade, BDP2030 Reference scenario (no Lao PDR cascade) and Scenario 1.1.A (5 
Hydropower cascade in northern Lao PDR).  'In' is sediment load upstream of Pak Beng, ‘Out’ is 
sediment load downstream of Sanakham dam site. 

The flow changes associated with mitigation Scenarios 1.1.A and 1.1.B will not substantially alter the 

sediment loads or grain-size distribution within the cascade reach.  The reduction in water level 

associated with the reduced dry season normal operating level at Pak Beng will not affect sediment 

transport as the same volume of water will be discharged at the same rate under the two scenarios 

once the lake level change as been adjusted.  Similarly, the discharge associated with the fish passage 

will transport the same quantity of sediment whether it is discharged through the fish pass or the 

turbines. 
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Based on the modelling results, drawing down the water level at the Xayabouri dam site during a large 

flood event will not greatly increase the over all volume of sediment being passed through the system 

because the reduction of level at the damsite does not control the water level or slope at the upstream 

end of the impoundment during very high flows.  The hydropower modelling found that for this reason, 

a flood drawdown needed to commence at flows of 7,000-8,000 m3/s rather than 10,000m3/s to have 

any impact in the upper reservoir.  In general, sedimentation of large material will continue to occur 

in the reservoir during flood events, and fine material will continue to be transported through the 

impoundment, similar to non-flood conditions.   

Opening the low level gates during a high flow event will remove sediment that is deposited near the 

toe of the dam wall, but will not promote the removal of sediment in areas upstream of the dam due 

to the low water slopes associated with the flood event.  Sediment sluicing using the low level gates 

without lowering water levels was investigated as part of Scenario 1.2 (sediment flushing) and is 

discussed in more detail in section 5.3.1.4 and onwards. 

5.3.1.2 Scenario 1.1 -Sediment loads & Composition downstream of Sanakham to Paksane 

(Zone 2) 

Downstream of the final dam at Sanakham, the sediment loads will be controlled by discharge from 

the dam, and tributary inflows.  A summary of sediment loads at Vientiane and Paksane based on the 

sediment model results is shown in Table 5.5.  The results are based on a model run of 7 years, hence 

it provides a ‘snap-shot’ of sediment transport within a decade of implementation.   

The resuts indicate that sediment loads increase downstream of the Sanakham dam site, with values 

returning to similar levels to the BDP2030 scenario at Vientiane and Paksane.  This large increase is 

attributable to the erosion of sediment from the river channel, with additional sediment input from 

tributaries.  The 7-year results also show that the the grain-size distribution of the transported 

sediment changes, with the proportion of sand increasing and silt and clay decreasing.  At Paksane the 

grain-size distributions for the two model runs are similar, with both reflecting the availability of 

sediment within the model. 

The area downstream of Sanakham is characterised by large alluvial deposits occurring as insets within 

the bedrock controlled channel, and as alluvial deposits in the reach upstream of Vientiane.  The model 

was calibrated using pre-Lancang cascade sediment loads, so it contains a large volume of material 

that is available for erosion and transport by the low-sediment bearing water discharged from the final 

dam.  Over time, the availability of this sediment for transport will decrease as the deposited material 

is exhausted, and not replaced, and sediment loads to the downstream river will decrease.  Long-term 

changes such as this erosional trend are discussed in more detail under Geomorphic Changes section 

5.3.3. 
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Table 5.5.  Summary of sediment transport indicators related to sediment loads and sediment 

composition for the BDP 2030 scenario, Scenarios 1.1.0, 1.1B and 1.1.C. 

Indicator Scen 0.2 BDP 2030 
 

Scen 1.1 Run of Riv 
 

Scen. 1.1.A & 1.1.B  
 

Annual Sediment 
Load at Sanakham 
Damsite 
Km 1737 

21.3 Mt/yr 
Gr:  1% 

C Sand: 5% 
M Sand 16% 
F Sand: 59% 

Silt+Clay: 20% 

6.0 Mt/yr 
Gr: <1% 

C Sand: 1% 
M Sand: 3% 
F Sand: 12% 

Silt+Clay: 84% 

No change 
compared to 1.1.0 

Annual Sediment 
Load at Vientiane / 
Nong Khai 

19.3 Mt/yr 
Gr:  1% 

C Sand: 4% 
M Sand 15% 
F Sand: 51% 

Silt+Clay: 30% 

18.7 Mt/yr 
Gr:  1% 

C Sand: 4% 
M Sand 14% 
F Sand: 22% 

Silt+Clay: 60% 

No change 
compared to 1.1.0 

Annual Sediment 
Load at Paksane 

18.3 Mt/yr 
Gr:  1% 

C Sand: 4% 
M Sand 14% 
F Sand: 22% 

Silt+Clay: 60% 

18.5 Mt/yr 
Gr:  1% 

C Sand: 4% 
M Sand 14% 
F Sand: 22% 

Silt+, Clay: 60% 

No change 
compared to 1.1.0 

 

5.3.1.3 Scenario 1.1:  Sediment loads & Composition downstream of Paksane to Pakse 

(Zone 3) 

Under Scenario 1.1, the river reach between Paksane and Pakse will not experience an immediate 

reduction in sediment loads due to the sediment being eroded downstream of Sanakham.  Ultimately, 

the available sediment will be exhausted, and sediment loads derived from upstream of Paksane will 

decrease.  If all of the sediment load at Sanakham in the BDP 2030 Reference Scenario (~20 Mt/yr) 

reaches Pakse, then the upper LMB is the source of between ~25 % and 40% of the load at Pakse 

(assuming a load at Pakse of 55 to 80 Mt/yr, Koehnken, 2015), with the remaining load derived from 

tributaries downstream of Sanakham.  If implementation of the cascade (scenario 1.1) reduces the 

sediment load from upstream of Sanakham by ~15 Mt over the long term, it will eventually translate 

to a similar reduction in the lower river.  This reduction is unlikely to occur rapidly due to the sediment 

supply resident in the river that is available for transport, similar to the situation in the Sanakham to 

Paksane reach where the erosional ‘wave’ is progressing downstream. 

Perhaps more important than the overall decrease in the sediment load is the preferential capture of 

larger grain-sizes in the cascade, as these are the sediment fractions that maintain alluvial habitats and 

channel stability in the river.  The reduction in the concentration of different grain-size classes 

discharged to the Mekong River from Sanakham between the BDP 2030 Reference Scenario and 

Scenario 1.1 shows an almost complete removal of sands and gravels, with little change to silt a& clay.  

Based on recent MRC monitoring results, the sediment load at Pakse is comprised of ~80% fine sand 

and coarser material, equivalent to ~37 Mt/yr (based on 64 Mt/yr).  Sediment trapping by the cascade 

in Scenario 1.1 is projected to decrease sand and gravel delivery to the lower river from 17 Mt/yr to < 

1 Mt/yr.  Once a new equilibrium is established, this reduction could eventually translate into a ~45% 
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reduction in sand delivery to the lower river.  There is potential for a further reduction in sediment 

inputs due to additional damming on tributaries downstream of Sanakham.  

Other activities that directly or indirectly affect the sand balance within the system (e.g. sand mining, 

or bank armouring) also need to be considered when projecting into the future with respect to the 

sediment budget of the river. 

 

Figure 5.23.  Comparison of sediment concentrations at Sanakham in the BDP 2030 Reference 
Scenario and Scenario 1.1 for all sediment fractions, and for Gravel+Coarse+Med Sand, Fine-sand and 
silty+clay. 

5.3.1.4 Scenario 1.2 – Sediment Loads and Composition Cascade Reach (Zone 1) 

Sediment flushing in  the cascade is a complicated and long-term management challenge that will 

require optimisation and adaptive management over a number of years.  The analysis and assessment 

presented here provides insights into how flushing could be implemented, and the factors that need 

to be considered. On going monitoring will be required to guide the actual implementation and 

coordination between the various hydropower projects.  

Sediment flushing (Scenario 1.2), has been investigated in detail in the Case Study.  The number of 

model runs completed exceeds the number of scenarios described in Section 2.5 (Description of 

Scenarios) or contained in the final indicator table (Annex F) because numerous additional runs have 

been included to investigate how various conditions (e.g. inflows or season) or parameters (rates of 

drawdown, duration of low water level, rate of filling) alter the efficiency of flushing.  Only the results 

that directly pertain to the scenarios for which hydropower modelling is available (1.2.A, 1.2.B&C, 

1.2.D) are summarised in the indicator table in Annex F.  For the modelling exercise, each dam was run 

as an independent model, and assumed that low level gates are present at each dam.  A detailed 

description of the sediment model is provided in Annex A. 
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The evaluation of flushing as a mitigation measure primarily focusses on the Mekong downstream of 

the cascade within the context of sediment transport continuity.  The sediment flushing results are 

also useful for understanding how sediment management can maintain storage space within 

impoundments and how sediment can be transported downstream through the cascade. 

Flushing runs were completed for Pak Beng, Xayabouri, Pak Lay and Sanakham, with sediment sluicing 

investigated for Sanakham.  For each site, a ‘no flushing’ model run was completed to determine the 

discharge of sediments from each impoundment under run of river operations for the same time 

period as used in the flushing runs.  The assessment was based on a 12-day flushing period, with the 

sediment load discharged from the dam compared to the amount of sediment discharged in the 

absence of flushing.  Draw down rates in the dam, associated with flushing, ranged from 0.1 m/s to 

‘unconstrained’, that is, there was no limit put on the rate at which water level could decrease.  All 

scenarios included a reservoir filling rate of 0.2 m/hr.   

Key Results for Flushing of Sediments: The results from all of the the flushing runs and the sluicing run 

at Sanakham are summarised in Table 5.6, and presented graphically in Figures 5.24 to 5.27, and show 

the following characteristics and trends: 

 The amount of sediment discharged during a flushing event at the bottom of the cascade 

(Sanakham) is small compared to the annual load of sediment entering the cascade.  In most 

scenarios, the volume of sediment entering the impoundment exceeds the volume discharged 

during the flushing event.  This is especially relevant to gravels and medium and coarse sand, 

as shown in Figure 5.24.  The low sediment discharge from the impoundments is attributable 

to the overall low sediment loads entering the impoundments, combined with the short 

duration of the model runs;  the flushing scenarios were completed using the sediment 

accumulation in the reservoirs after 7-years of cascade operation.  The overall volume of 

sediment desposited in the impoundments during the 7-year period is very small compared to 

the volume of the impoundments, and sediment ‘deltas’ have not reached anywhere near the 

toe of the dam.  It is expected that sediment accumulation will increase after a period of 

several decades that will lead to a larger volume of sediment being mobilised during an 

individual flushing event.  The rate of sediment accumulation is discussed in more detail in the 

Geomorphology section 5.3.3; 

 The reservoir geometry affects sediment movement during flushing.  The cascade is 

characterised by long, narrow impoundments, punctuated by sharp bends within each of the 

reservoirs.  These ‘choke’ points reduce the transport of sediment due to reductions and 

changes in velocities caused by the channel morphology.  These features affect sediment 

transport during ‘normal’ operations as well as during flushing; 

 Silt and clay are relatively insensitive to sediment flushing.  Silt and clay are generally 

transported through the impoundments under the non-flushing flow regime, so only limited 

volumes of this grain-size accumulate in impoundments.  During flushing, the quantity of silt 

and clay tends to be uniform throughout the event, and similar to the magnitude of the load 

entering the impoundment.  An exception occurred at Pak Lay when draw down rates during 

flushing were ‘unconstrained’, and water levels decreased at rates greater than 1 m/hr.  During 

this event large quantities of silt and clay were mobilised. This is consistent with silt and clay 

accumulating in quiet areas of the reservoir that require a large change in the flow dynamics 

to re-mobilise; 
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 The timing and initial conditions of flushing affect the efficiency of flushing.  In general, the 

higher the sediment loads entering the impoundment at the initiation of flushing, the more 

successful the results.  This is due to a larger proportion of the sediment remaining in 

suspension and being transported through the impoundment under the higher shear stress 

conditions created by flushing.  

 Flushing during periods of high flows will promote the movement of sediment delivered by 

tributaries through the reservoir.  Sediment flushing coinciding with the end of the dry season 

will remove a larger silt and clay load as compared to at other times of year, due to the 

accumulation of fine-sediment during the dry season.  This is a minor consideration when 

planning sediment flushing as most of this material would be re-mobilised during the wet 

season, with or without flushing. 

 The rate of reservoir drawdown is important.  In general, the faster the drawdown rate, the 

the higher the resulting shear stress and the higher the sediment load entrained and 

discharged from the impoundment.  This is clearly shown in Figures 5.24 and 5.25, where 

faster draw down rates are associated with higher sediment loads, and in Figure 5.26 where 

the timing of sediment delivery by grain-size is shown for two flushing events at Pak Lay. The 

‘slow’ drawdown maintains low discharge volumes and sediment concentrations, but moves 

less material as compared to the ‘fast’ drawdown; 

 Based on this, the coordinated flushing of the cascade, involving the coordinated timing of 

water level decrease in successive reservoirs to promote movement of a sediment ‘plug’ 

through multiple impoundment, is a possibility and likely to improve the overall success rate 

as compared to the flushing of individual impoundments independently (joint cascade 

operation is also discussed in chapter 3.1.3).  

 The duration that low water levels are maintained affect sediment flushing.  In almost all of 

the flushing model runs, water levels were decreased to the targeted minimum level and held 

at the minimum for 1-day before increasing at the rate of 0.2 m/hr up to the minimum 

operating level.  In one of the Pak Beng runs, the water level was maintained at the lowest 

point for 2-days.  The flushing results are shown as discrete data points in the August results 

for Pak Beng in Figure 5.24.  The longer ‘hold’ period increased the quantity of sediment 

discharged in all size fractions, with the largest increase occurring in the fine sand fraction.  

The quantity of fine-sand mobilised during the1 m/hr flush with the extended ‘hold’ at low 

water exceeded the quantity of fine-sand mobilised using a higher flushing rate of 2 m/hr; 

 The maximum volume of water discharged during sediment flushing is controlled by the rate 

of drawdown and the rate of water entering from upstream.  High drawdown rates provide 

the greatest ‘return’ with respect to sediment discharge, but also produce large flood peaks.  

The size of these peaks needs to be considered with respect to human safety and downstream 

impacts. This finding is consistent with previous invstigations into flushing that found 

approximately twice the annual average flow is required to promote successful flushing (Pitt 

and Thompson, 1984). 

 

 

 



146 
 

Table 5.6. Summary of sediment flushing results from Delft 3D model runs for Pak Beng and Sanakham. 

Location Draw Down 
Rate 

(m/hr) 

Max Flow 
Out 

Sediment Loads 
(X 1000 tonnes)  

Net Increase in Sediment 
Net Inc. In Sediment 

Outflow attributable to 
Flushing 

(x 1000 tonnes) 

   Gravel 
+C& M 
Sand 

Fine 
Sand 

Silt & 
Clay 

Gravel 
+C& M 
Sand 

Fine 
Sand 

Silt & 
Clay 

Pak Beng*   Sediment Inflow    

June:  Inflow = 2374 m3/s 113.3 216.0 17.1    

   Sediment Outflow Increase in sediment Outflow 

Normal Oper. 0 2,369 0.0 0.1 37.3 0 0 0 

Flush 0.1 3,506 9.1 45.2 88.5 9.1 45.1 51.2 

Flush* 0.5 7,303 10.5 53.6 83.7 10.5 53.4 46.3 

Flush 1 10,557 26.6 123.3 86.5 26.6 123.1 49.2 

Flush 2 14,592 92.2 285.1 92.3 92.1 284.9 54.9 

 Sediment Inflow    

August: Inflow = 5,106 282.2 528.3 40.9    

 Sediment Outflow Increase in sediment Outflow 

Normal Oper. 0 5,337 0.8 8.4 296.5 0 0 0 

Flush 0.1 6,402 146.6 552.5 348.3 145.8 544.1 51.8 

Flush* 0.5 9,661 123.5 426.6 339.2 122.7 418.2 42.7 

Flush 1 12,429 144.9 464.9 334.6 144.1 456.5 38.0 

Flush 2 16,095 192.8 553.2 333.7 192.0 544.8 37.2 

   Sediment Inflow    

November: Inflow = 3,184 156.1 295.1 23.0    

 Sediment Outflow Increase in sediment Outflow 

Normal Oper. 0 3299 0.0 0.6 94.9 0 0 0 

Flush* 1 11,149 47.0 204.4 142.4 47.0 203.8 47.6 

Xayabouri         

 Sediment Inflow    

August:  Inflow = 6,875 m3/s 13.7 28.0 521.1    

 Sediment Outflow Increase in sediment Outflow 

Normal Oper. 0 8244 0.3 6.6 763.5 0 0 0 

Flush 0.1 9262 16.3 117.1 1,057.8 16.0 110.5 294.3 

Flush 0.5 14029 31.3 154.1 1,016.0 31.0 147.5 252.5 

Flush 1 18665 33.8 193.9 992.0 33.5 187.3 228.5 

Flush 2 25,808 105.6 426.4 985.9 105.3 419.8 222.4 

Pak Lay         

   Sediment Inflow    

March:  Inflow = 4880 35.7 76.3 499.3    

 Sediment Outflow Increase in sediment Outflow 

Normal Oper. 0 5,055 1.4 3.6 463 0 0 0 

Flush 0.1 6,072 36.2 126.2 607.9 34.8 122.6 144.9 

Flush 0.5 9,744 39.1 132.1 457.0 37.7 128.5 -6.0 

Flush Unconstrained 18,520 66.4 280.8 1575.9 65 277.2 1112.9 

Sanakham         

   Sediment Inflow    

June:  Inflow = 1,961 m3/s 0.9 1.3 17.8    

 Sediment Outflow Increase in sediment Outflow 

Normal Oper. 0 1975 0.0 0.2 23.6 0 0 0 

Flush 0.1 3,127.0 6.7 25.7 57.5 6.7 25.5 33.8 

Flush 0.5 6,536.0 10.2 43.6 56.9 10.2 43.4 33.3 
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Location Draw Down 
Rate 

(m/hr) 

Max Flow 
Out 

Sediment Loads 
(X 1000 tonnes)  

Net Increase in Sediment 
Net Inc. In Sediment 

Outflow attributable to 
Flushing 

(x 1000 tonnes) 

   Gravel 
+C& M 
Sand 

Fine 
Sand 

Silt & 
Clay 

Gravel 
+C& M 
Sand 

Fine 
Sand 

Silt & 
Clay 

Flush 1 9,092.0 37.3 170.5 59.5 37.3 170.3 35.8 

Flush 2 12,237 159.4 598.2 64.2 159.4 598.0 40.6 

   Sediment Inflow    

March:  Inflow = 4,880 m3/s 77.4 154.5 1,119.4    

 Sediment Outflow Increase in sediment Outflow 

Normal Oper. 0 4887 4.7 22.9 1,125.5 0 0 0 

Sluice 0 5228 4.7 18.9 1,136.5 0.0 -4.1 11.0 

*Indicates results used in Indicator Table  

   

 

Figure 5.24.  Flushing results at Pak Beng.  Graphs show the increase in sediment discharge from the 
dam compared to a non-flushing period.  Model run is for 12 days, including draw down and refilling 
of reservoir. In the August results, additional data points are shown for a run in which the reservoir 
was maintained at the lowest level for 2-days. 
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Figure 5.25. Sediment flushing results for Xayabouri, Pak Lay and Sanakham.  In Pak Lay graph the 
‘unconstrained’ draw down results are graphed as a 2 m/hr draw down. Note change of sediment 
scale in Pak Lay.  

 

Figure 5.26.  Grain-size distributions in discharge during 'slow' (left) and 'fast' (right) sediment 
flushing mitigation runs at Pak Lay.  Discharge also shown.  
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Figure 5.27.  Sediment loads associated with flushing runs.  Top – Total sediment load entering the 
impoundment (dark blue bars) is compared to the total sediment discharged from the impoundment 
during the flushing event. Bottom – Same graph except only gravel and sand (Coarse, medium and 
fine) included.  The ‘0’ draw down rate indicates sediment discharge over the same time-period 
without flushing. 

The overall impact of sediment flushing on the sediment loads discharged from each of the 

impoundments is summarised in Table 5.7.  The net sediment loads are provided, representing the 

difference between the sediment load discharged from the dam without flushing and the quantity 

discharged during flushing.  This quantity indicates the sediment load that has been discharged directly 

as a result of flushing.  The flushed sediment loads range from 1% and 37% of the annual sediment 

load at the dam sites.  The variability of the results is attributable to the range of flow, draw down and 

low-flow conditions, and flushing results can probably be improved through optimization.  The quantity 

of sediment mobilised and the percentage of the annual sediment load that can be flushed will likely 

increase in the future as larger volumes of sediment are trapped within the impoundment and 

deposited closer to the toe of the dam.   

Table 5.7. Comparison of net sediment discharged during flushing with annual sediment loads. 

Location Sediment Load 
withouth Flushing 

(Scenario 1.1.0) 
Mt/yr 

Range of Sediment 
Loads Discharged 

during Flushing Event 
(Mt) 

Flushed Load as a 
percentage of Annual 

Sediment Load 
without Flushing 

Entering Pak Beng 12.2   

Pak Beng Dam 2.7 0.07 – 0.47 3% - 17% 

Luang Prabang dam 2.4 No model runs  

Xayabouri 3.5 0.42 – 0.75 12% - 21% 

Pak Lay 3.9 0.16 – 1.46 4% - 37% 

Sanakham 6.0 0.07 – 0.80 1% - 13% 

 

5.3.1.5 Sediment Loads – Scenario 1.2. Sanakham to Paksane Reach (Zone 2) 

The volume of sediment transported through the cascade reach is greatly reduced compared to 

‘natural’ conditions.  Of the sediment that is entering the cascade and being trapped, only a small 

proportion is mobilised during sediment flushing events with sand and gravel contributing only a minor 

proportion of the total sediment load.  Based on this, it is unlikely that the relatively low quantities of 
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sand being delivered downstream through flushing could prevent channel erosion from occurring 

downstream of the final dam, even if flushing occurred on an annual basis.  Pulses of sand might reduce 

the rate of erosion very locally, and could assist in the maintenance of some habitats characterised by 

fine sand that would otherwise be lost in the absence of flushing.  To achieve these benefits, the timing 

of flushing activities needs to coincide with a period when sand would provide the most geomorphic 

and ecological benefit.  If flushing is completed at the beginning or middle of the wet season, the 

released sediment is likely to be transported through the river and any benefit would be limited.  If 

flushing is completed towards the end of the wet season or beginning of the dry season, there is an 

increased likelihood that sediment would be deposited in the river channel, where it could maintain 

habitats through the next dry season.   

5.3.1.6 Sediment Loads-Scenario 1.2 Paksane to Pakse Reach (Zone 3) 

The impact of sediment trapping and flushing, on overall sediment loads, is likely to be limited 

downstream of Paksane, at least in the short term.  The modelled sediment flushing events produce 

‘pulses’ of water and sediment that increased the concentration of sediment discharged from the dam 

for a duration of up to several days.  Sediment concentrations at the Pak Lay dam site for each of the 

flushing events (Figure 5.28) show the more rapid draw down rate produced substantially higher 

suspended sediment concentrations.  Although the concentrations are elevated compared to the BDP 

2030 scenario or ‘typical’ Scenario 1.1 (Run-of-River) operation, they are well within the historically 

experienced range of suspended sediment concentrations measured in the Mekong.  The modelling 

results show that by the time a ‘flush’ event is measured downstream of Paksane, it is likely that 

concentrations will decrease compared to the dam site values due to deposition of coarser material 

and additional inflows from other tributaries.  

The total volume of sediment mobilised during the flushing events (~200,000 tonnes) is small 

compared to the sediment load in this portion of the river, and is unlikely to create issues associated 

with increased sedimentation, such as coating or infilling of habitats.  Similarly, a relatively low 

sediment load released episodically from the cascade is unlikely to be able to ‘maintain’ the 

geomorphology similar to pre-cascade and tributary impoundment conditions.  Over decades as more 

sediment accumulates in the impoundments, the risk of unacceptably high suspended sediment 

concentrations during flushing events will increase.  For this reason ongoing monitoring of sediment 

accumulation within the reservoirs, and sediment concentrations during flushing events is required. 

 

Figure 5.28.  Sediment concentrations in the discharge from Pak Lay dam during two sediment 
flushing events. 
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More discussion regarding sediment concentrations in the water discharged during the flushing event 

is contained in Water Quality Section 5.4. 

5.3.1.7 Summary of Sediment Yields from Flushing – Scenario 1.2 

The sediment flushing indicators included in the final indicator table (Annex F) are based on the June, 

August and November flushing results at Pak Beng.  Pak Beng was chosen because the reservoir has 

the highest sediment input and so provides the best indication of sediment flushing within the 7-year 

time frame of the model.  These runs do not provide the highest sediment yields of all of the modelled 

runs, but are consistent with the conditions included in the energy modelling flushing scenarios to 

provide an indication of the power costs associated with sediment flushing.  The same results are 

provided for Scenarios 1.2.B and 1.2.C, because the flow changes between the two scenarios are small 

and do not affect sediment flushing.  The summary of the runs and the results are in table 5.8. 

Table 5.8.  Summary of sediment flushing indicators included in the final indicator table. 

Scenario Start Time Drawdown 
Rate 

Gravel & Sand 
X 103 tonnes 

Fine-Sand 
X 103 tonnes 

Silt & Clay 
x 103 tonnes 

1.2.A June 0.5 m/hr 10.5 53.4 46.3 

1.2.B & C August 0.5 m/hr 122.7 418.2 42.7 

1.2.D November 1.0 m/hr 47.0 203.8 47.6 

 

5.3.1.8 Scenario 1.3 (Peaking) – Sediment Loads and Composition- Cascade Reach and 

downstream (Zone 1-3) 

Hydropeaking can enhance revenues associated with power generation by increasing production 

during periods of ‘peak’ energy demand. Hydropeaking can affect the geomorphology and channel 

stability of a river through the following processes: 

 The shear stress of a river (sediment carrying capacity) is directly proportional to the depth 

and slope of the water.  Rapidly increasing water levels will increase both of these parameters 

leading to an increase in erosion;   

 Rapidly decreasing water levels can destabilise river banks if they are saturated leading to 

draw-down failure or seepage erosion;  

 

Downstream of power stations, erosion promoted by rapid water level changes can exacerbate erosion 

attributable to a reduction in sediment supply due to trapping in impoundments.  Common mitigation 

measures include controlling the ramping rate and frequency of water level fluctuations, and linking 

bank saturation levels to power station drawdown rates. 

Hourly water level results associated with unregulated flows (BDP 2030 scenario) and hydropeaking 

scenarios without and with mitigation (1.3.0, 1.3.D, respectively) were analysed for the sites show in 

Table 5.9.  A threshold of 0.05 m/hr water level change was adopted for the analysis as this is the value 

associated with minimising fish stranding.   

The results from the 24-year period show that power station controlled water level changes were 

greatest during the dry months, so all results from each site in January were grouped and analysed for 

hourly changes (Figure 5.29).  The analysis reveales that under the BDP 2030 Reference Scenario, there 

were no water level changes that exceeded ±0.05 m/hr at any of the sites.  Without operating 
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constraints, hydropeaking increased the proportion of water level changes exceeding ±0.05 m/hr to 

88% of the time at the Luang Prabang dam site, decreasing to 34% of hourly events at the city of Luang 

Prabang.  Further downstream, at Sanakham, 56% of the hourly events exceeded the threshold value.   

Implementation of the water level change constraint removed these large water level fluctuations, 

and returned the number of events exceeding the 0.05 m/hr threshold to near ‘reference’ condition 

at the Luang Prabang dam site and Luang Prabang town.  At Sanakham, 4% of the events exceeded 

the target threshold, representing a large decrease as compared to hydropeaking without mitigation. 

Table 5.9.  Water level fluctuations associated with hydro-peaking scenario 1.3.   Results based on 
hourly water level results from MIKE-11.  

 Relevance of 
site 

BDP 2030 1.3.0 
No Mitigation 

1.3.D 
With Ramping 

limited to 
0.05m/hr 

Hourly water level fluctuations 
at Luang Prabang Dam site  
>±0.05 m/hr in January (85 - 
08) 

Upstream 
major tourist 

area 

0% 88% <1% 

Hourly water level fluctuations 
at Luang Prabang Town  
>±0.05 m/hr in January (85 - 
08) 

At major town 0% 34% <1% 

Water level fluctuations at 
Sanakham 
>±0.05 m/hr in January (85 - 
08)  

Downstream 
final dam in 

cascade 

0% 56% 4% 
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Figure 5.29.  Histogram of hourly water level changes at the Luang Prabang Damsite, Luang Prabang 

Town and Sanakham under scenario 1.3.A (hydropeaking without water level constraints), and under 

scenario 1.3.C, (hydropeaking with water level constraints). 

The impacts of hydropeaking at sites downstream of the cascade were investigated using a simplified 

ISIS model for the river downstream of the cascade, and flow results from Scenario 1.3.0 for January 

2002 (Figure 5.30).  Water level fluctuations at Vientiane show impacts associated with the 

hydropower operations, with 16% of the hourly water level changes exceeding 0.05 m/yr.  At Paksane, 

the impact is negligible, with all hourly water level changes below the target of 0.05 m/yr.  

Interestingly, much farther downstream at Kong Chiam, the percentage of flow changes that exceed 

the 0.05 m/hr threshold increases, suggesting that other inflows or hydropower operations contained 

within the BDP 2030 flow model are affecting water levels downstream. 

 

Figure 5.30.  Water level analysis for Vientiane, Paksane and Kong Chaim.   

 

 

Figure 5.31. Comparison of water level fluctuations at Luang Prabang dam and Luang Prabang town, 
30 km downstream showing attenuation between the sites. 

A comparison of shear stresses associated with a peaking and a run-of-river flow regime was 

completed for the reach downstream of Sanakham, with results shown in Table 5.10 and Figure 5.32.  

For all sites except Nong Khai the peaking regime has a higher net sediment transport capacity due to 

higher maximum shear stress and / or longer periods under which the maximum shear stresses occur.  

The increase is most pronounced close to the dam site where water level fluctuations are greatest.  
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The relative decrease in sediment transport capacity at Nong Khai under the peaking regime is 

attributable to the attenuation of ‘peaks’ with distance downstream, resulting in higher minimum 

shear stress values under the run-of-river regime, with similar maximum values under both regimes.  

There is also a small increase in the volume of water (~3%) discharged under the non-peaking regime 

as compared to the peaking regime in the model run which contributes to these differences.   

Table 5.10.  Summary of shear stress and sediment transport associated with a peaking regime 
(without mitigation) and a non-peaking regime. 

    PEAKING (no mitigation) RUN OF RIVER   

    Min/Max Transport Min/Max Transport  

  Nav 
Shear 
Stress 

Med 
Sand 

Fine 
Sand 

Shear 
Stress 

Med. 
Sand 

Fine 
Sand 

Change in 
load  

Name KM N/m2 m2/s m2/s N/m2 m2/s m2/s (+=inc) 

Sanakham 1734 0.3/2.7 0.32 26.92 1.4/2.0 0.22 18.51 45.5% 

Bedrock sect 1724 2.2/8.7 0.68 57.29 5.5/7.8 0.58 48.46 18.2% 

Alluvial start 1692 5.0/11.7 1.40 117.68 8.7/11.7 1.37 115.15 2.2% 

Upstr Vient. 1604 5.0/7.2 4.30 361.47 5.9/6.9 4.29 360.09 0.4% 

Nong Khia 1550 3.4/5.5 2.39 200.77 4.0/5.5 2.62 220.17 -8.8% 

   

  

Figure 5.32.  Comparison of shear stress at Vientiane and Nong Khai under a peaking regime without 
mitigation and a non-peaking power station operations at Sanakham.  Shear stress pressure is 
expressed as Newton/m2. 

The model results suggest that limited hydropeaking may be feasible if appropriate operating 

constraints are adopted.  For the purposes of geomorphology, a slightly higher ramping rate may be 

able to be implemented, depending on the nature of the downstream channel, and the rate at which 

the ‘peak’ dissipates downstream. As shown in Figure 5.31, the magnitude of the ‘peak’ dissipates in 

the 30 km between the Luang Prabang dam site and the town, with fluctuations at the town limited to 

~0.5 m even in the absence of ramping constraints.  It is probable that adaptive management on a 

site by site basis will be required to identify whether and to what degree hydropeaking may be 

implemented.  In addition to geomorphic and ecological considerations, navigation, infrastructure 

safety and human safety must also be considered. 

In summary, hydropeaking without constraints on water level changes is likely to increase the rate 

of erosion immediately downstream of the power station, with the impact decreasing as the wave 

attenuates downstream.  This area is projected to record increased rates of erosion even in the 

absence of hydropeaking due to the lack of sediment discharge from the impoundments, but peaking 
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would accelerate the rate.  With operating constraints, erosion rates downstream of the power 

station are likely to be similar to rates of change under a non-peaking regime.   

The indicators associated with hydropeaking in the multi-criteria assessment include flow variability as 

hourly changes, and are based on the hydrologic analysis of the flow regime. 

5.3.2 Indicator: Timing of sediment delivery   

5.3.2.1 Scenario 1.1 Downstream of Cascade (Zone 2 and 3)  

The timing of sediment delivery in the LMB is of importance for the maintenance of the river channel 

and ecological habitats, and the timing of nutrient delivery to the river, floodplains, Tonle Sap and 

Delta.  The Mekong River is naturally a flood pulse and sediment pulse system, with ~80% of sediments 

transported within a 4-month period under unregulated, natural conditions.   

The timing of sediment delivery is considered only in the context of Scenario 1.1 because the changes 

to the timing of sediment delivery are considered to be neglible in Scenario 1.3, and able to be 

managed in Scenario 1.2 (e.g., the timing of sediment flushing can be targeted).  To provide a context 

for evaluating Scenario 1.1., historic and BDP2030 conditions are also considered. 

The distribution of sediment delivery at Chiang Saen prior to the Lancang Cascade is shown in Figure 

5.33 for three years prior to major water management infrastructure in the basin (1970 – 1972).  Also 

included in the graph is the distribution of sediment delivery based on the BDP 2030 Reference 

scenario at Km 2347, the upstream extent of the sediment model.  The sediment load at Km 2344 

shows a more even distribution of loads throughout the year, and higher sediment loads during the 

dry season.  This is attributable to the alteration of the flow regime associated with the Lancang 

Cascade, and to the smoothed flow regimes used in the model. 

 

Figure 5.33. The monthly distribution of sediment loads (percent) for the pre-Lancang Dam conditions 

at Chiang Saen and upstream of the Pak Beng dam site in the Delft 3D sediment model for the BDP 

2030 Reference scenario. 

The distribution of sediment loads through the year is shown for each dam location for the BDP 2030 

Reference Scenario and Scenario 1.1 in Figure 5.34.  Under the BDP 2030 Reference Scenario sediment 

loads are delivered proportionately earlier at the upstream sites as compared to the downstream sites.  

In contrast, the Scenario 1.1 results show variable output.  The changes are attributable to several 

mechanisms: 
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 Sediment trapping of the coarser fractions leads to the sediment load being dominated by fine 

sand, silt and clay.  These fractions require lower flow velocities to be carried in suspension 

and are able to be transported throughout the year; 

 The residence time of sediment within reservoirs can lead to ‘lag’ periods in sediment delivery;  

 

  

Figure 5.34.  Distribution of sediment delivery at dam locations for the BDP Reference scenario (left) 

and Scenario 1.1 (right).  

Time-series of the model results, showing the sediment input and output at each dam site for the BDP 

2030 Reference Scenario, and the output for Scenario 1.1 (Figure 5.35) demonstrate that the sediment 

‘peaks’ become less pronounced with distance down the cascade, but are similar in magnitude at the 

discharge of each of the dams.  This similarity in Scenario 1.1 is due to the majority of the sediment 

load being comprised of fine-sands, silts and clay which are passing directly through the system, with 

all other size fractions being captured.  In contrast, the BDP 2030 Reference ‘In’ and ‘Out’ results show 

variability with respect to inflows and outflows due to tributary inputs and variable degrees of sand 

and gravel deposition, as discussed in the previous section.   
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Figure 5.35.  Time-series of BDP 2030 Ref input, 
output and Scenario 1.1 output at the 5 dam 
sites based on Delft 3D sediment model results.  

 

Due to the smoothed hydrographs producing a more uniform pattern of sediment delivery, and the 

lag of sediment delivery through the cascade reach, the percentage of sediment delivered over the 

period August to December has been used as the indicator for sediment timing, with the results 

provided in table 5.11.  The results show that the majority of the sediment load is being transported 

through the system during the wet season and early dry season for the BDP 2030 Reference Scenario 

and Scenario 1.1.  There is a small reduction in the percentage of the load being delivered in Scenario 

1.1 as compared to the BDP Reference.  

5.3.2.2 Summary of Timing of Sediment Delivery 

The percentages contained in table 5.13 are used as the indicators for the timing of sediment delivery 

in the multi-criteria analysis. Overall the operation of the cascade is considered to have a discernible 

but minor effect on the timing of sediment transport.  The changes to timing are likely less of a change 

to the system as compared to the large reduction in the magnitude of sediment delivery related to the 

operatio of the Lancang Cascade, tributary dams and potentially the Northern Laos Cascade. 

Table 5.11.  Timing of sediment delivery based on the average percentage of sediment delivered in 

the months August to December during the 5-median flow years in the smoothed flow sequence.  The 

‘historic’ values are based on the period July to October. 

Indicator Historic 
Pre-Lancang 

Cascade 

0.2 BDP 2030 
Median Year 

(Avg 5 yrs) 

1.1 Run of Riv 
Median Year 

(Avg 5 yrs) 

% Sediment Load 
Aug to Dec 
upstream cascade 

66 – 88% July to Oct 
(based on historical 

results at CS) 

55% 59% 

% Sediment Load 
Aug to Dec Pak 
Beng Dam site 

 77% 
7.4 Mt 

77% 
2.1 Mt 

% Sediment Load 
Aug to Dec at Luang 
Prabang Dam site 

 87% 
9.2 Mt 

69% 
1.7 Mt 

% Sediment Load 
Aug to Dec at 
Xayabouri Dam site 

 76% 
10.3 Mt 

72% 
2.6 Mt 

% Sediment Load 
Aug to Dec at Pak 
Lay Dam site 

 75% 
15.6 Mt 

66% 
2.6 Mt 
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Indicator Historic 
Pre-Lancang 

Cascade 

0.2 BDP 2030 
Median Year 

(Avg 5 yrs) 

1.1 Run of Riv 
Median Year 

(Avg 5 yrs) 

% Sediment Load 
Aug to Dec at 
Sanakham Dam site 

~58 - 89% July to 
Oct 

(Nong Khai 
historical) 

 

68% 
14.5 Mt 

61% 
3.6 Mt 

 

5.3.3 Geomorphic Indicators:  Channel Changes  

The sediment budgets and balances presented in the previous sections are based on the sediment 

inflows and outflows to each of the impoundment areas, but do not provide a quantitative assessment 

of the amount of deposition or erosion occurring within or downstream of the cascade reach.  To 

understand the distribution of sedimentation and erosion, changes to reservoir volumes have been 

determined in each of the impoundments, and downstream of the cascade using the Delft 3D sediment 

model for Scenario 1.1.   

5.3.3.1 Scenario 1.1 Channel changes in the Cascade Reach (Zone 1) 

The topography of the cascade reach with and without the development of the cascade was 

investigated over the 7-year time frame of the sediment model.  For each impoundment, the bed 

topography at the start of the model run is compared to changes to the bed elevation after 3, 5 and 7 

years (Figure 5.36).  

The results show that there is a high degree of variability, with both erosion and deposition recorded.  

With the exception of the most upstream reservoir, Pak Beng, which receives the highest sediment 

loads, erosion is recorded in the upstream area of each impoundment and also immediately 

downstream of each dam site.This is attributable to large volumes of sediment poor water being 

discharged from the upstream impoundment into the tail water section of the reservoir.  The water 

continues to have sufficient velocity and energy to transport sediments, leading to increased erosion 

and the decrease in bed level elevation shown in the plots.  Some of the initial erosion (e.g. year 3) 

might be attributable to the model containing a large volume of sediment at the initial start-up which 

could be readily transported, but the on-going degree of erosion at the end of the 7-year period 

suggests that erosion and bed incision is likely to prevail in these areas.  

Downstream of these erosive areas in each reservoir, sediment deposition increases.  These areas 

coincide with areas of reduced velocity within the impoundments and also reflect the presence of tight 

bends or river constrictions which affect flow velocities and sediment transport capacity.  The 

deposition of material is shown to progress in a downstream direction, with most deposition limited 

to the mid-reaches of the waterways after 7-years.  Over time, the sediment ‘delta’ will progress 

downstream and approach the toe of the dam.  The time required for this process to occur is likely to 

be on the order of decades based on modelling results.  

Observations related to channel changes in individual reservoirs include: 

 The river channel upstream of Pak Beng shows geomorphic changes over the 7-year time 

period that are not directly related to the impoundment.  This is consistent with the channel 
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being in a state of change associated with the upstream mainstream HP developments and 

other catchment activities; 

 The Xayabouri model suggests that erosion will be the predominant process from downstream 

of the Luang Prabang dam site to approximately the confluence of the Mekong River with the 

Nam Ou or Nam Suong.  Downstream of the Luang Prabang township, deposition becomes the 

dominant processes; 

 The lower 4 impoundments all show a ‘nick’ point where channel erosion shifts to channel 

deposition.  Over time, the location of this point will migrate, moving upstream if sediment 

supply increases, or downstream if sediment supply decreases.  Eventually an equilibrium with 

the ‘new’ sediment regime should be reached, but this is likely to require a long time, and is 

sensitive to future changes in flow or sediment inflows; 

 The model results are consistent with the sediment flushing results, with little sediment 

available for transport near the dam wall.  Pak Lay had the highest sediment load associated 

with flushing, and also shows the highest deposition of sediment in the lower downstream 

area of the impoundment (note, no flushing run was completed for Luang Prabang reservoir). 
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Figure 5.36.  Changes to bed elevation in the five reservoirs under Scenario 1.1. X axis=distance 
upstream from dam wall with the dam located at ‘0’, y axis = change to bed level.  Model results are 
smoothed over a distance of ~0.7 km. 

The model has also been used to examine the distribution of sediment deposition and erosion within 

the river channel, and shows that the distribution of sediments in the reservoirs is not uniform, with 
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deposits commonly forming lateral bars along the original river channel.  Similarly, downstream of 

dams, erosion is concentrated on outside bends, consistent with higher channel shear stress and low 

sediment concentrations in these locations. 

The longitudinal distribution of coarse, medium and fine sand within the Pak Beng reservoir (Figure 

5.37) demonstrates that finer-material is deposited farther downstream as compared to coarse 

sediment, but most material is trapped in the upper half of the reservoir over the 7-years of the model 

run.   

 

Figure 5.37.  Distribution of sediment deposition within the Pakbeng reservoir.  Colour bar shows 
deposition (red) and erosion (blue) in m. 

 

Figure 5.38.  Bed elevation changes in the vicinity of Pak Beng dam, showing deposition upstream of 
the dam and erosion on outside bends downstream. 
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Figure 5.39.  Distribution of coarse, medium and fine sand deposited in Pak Beng reservoir under 
scenario 1.1.  Colour scale indicates depth of deposition. 

Rates of channel changes 

The annualised rate of reservoir sedimentation is shown in table 5.12 for the BDP 2030 Reference 

Scenario and Scenario 1.1 for each of the impoundments.  Net deposition occurs within the top three 

impoundments under both of the Scenarios, but rates are higher with the cascade in place, especially 

in the Pak Beng reservoir due to the larger influx of sediments from upstream.  In the Pak Lay reservoir, 

erosion is recorded under the BDP scenario, likely due to the large reduction in sediment associated 

with the Lancang cascade and increased trapping of sediments in tributary dams, but deposition is 

recorded in Scenario 1.1.  In Sanakham, sedimentation decreases in Scenario 1.1 relative to the BDP 

2030 reference case, presumably because the sediment trapping upstream is diminishing the input of 

sediments to the final impoundment. 

Table 5.12.  Changes to reservoir volumes based on bed elevation differences associated with 
sedimentation and erosion. 

Volume changes based on bed 
elevation changes 

BDP 2030 Scenario 1.1 Net Change 

Changes to bed elevation within 
Pakbeng 
+ = deposition 
-= erosion 

+2.1 Mm3/yr  +6.6 Mm3 /yr +4.5 Mm3/yr 

Changes to bed elevation within 
Luang Prabang 

+0.24 Mm3/yr +0.36 Mm3 /yr  
 

+0.12 Mm3/yr 

Changes to bed elevation within 
Xayabouri 

+0.16 Mm3/yr +0.60 Mm3/yr +0.45 Mm3/yr 

Changes to bed elevation within 
Paklay 

-0.45 Mm3/yr +0.63 Mm3/yr +0.98 Mm3/yr 

Coarse Sand Medium Sand 

Fine Sand 
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Volume changes based on bed 
elevation changes 

BDP 2030 Scenario 1.1 Net Change 

Changes to bed elevation within 
Sanakham 

+1.9 Mm3/yr +0.32 Mm3/yr -1.58 Mm3/yr 

 

5.3.3.2 Scenario 1.2 Effect of sediment flushing on channel changes  

Sediment flushing is an effective mitigation measure for retaining reservoir volume as well as providing 

a pulse of sediment to the downstream environment.  Sediment flushing affects reservoir volume 

through the progressive removal of material starting at the upstream end of the impoundment (Figure 

5.40). As water levels decrease in the upstream area, shear stress increases and scours material.  The 

changes to the reservoir volume are completed within the first half of the sediment flushing event.  As 

the draw down progresses, the increase in shear stress moves downstream, and more material is 

eroded and transported.  In the example in figure 5.40, there is an increase in sediment deposition 

near the dam wall at the end of the simulation, which is derived from upstream and will be available 

for transport during the next flushing event.  

 

Figure 5.40. Reservoir volume changes during a 14 day flushing event at Pak Beng. 

The potential effect of sediment flushing (Scenario 1.2) on reservoir volume is summarised in table 

5.13.  The volume balance is in good agreement at the upstream end of the cascade, with the volume 

of sediment entering Pak Beng and Luang Prabang, being about equivalent to what is retained in the 

impoundment, and being discharged. In the lower three impoundments, tributary inflows increase 

sediment outflow volumes relative to the inflows and what is being retained.  In this ‘volume balance’ 

the sediment mobilised during flushing at Pak Beng is small compared to the sediment being trapped 

in the reservoir, but at the downstream impoundments, where sediment inflows are very low, the 

maximum flushed volumes are similar in magnitude to the volume that is being trapped on an annual 

basis.  It must be recognised that much of the sediment that is being trapped is coarse grained, where 

as sediment that is readily flushed is fine grained, so not all material will be flushed with the same 

efficiency. 
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Table 5.13. Comparison of sediment volumes entering each reservoir, changes to sediment volume 

within the reservoir, and volumes associated with flushing events. 

Location Sediment 
Load  

Mm3/yr 

Change to  
Reservoir Volume 

Mm3/yr 

Range of Sediment Loads 
Discharged during 

Flushing Event (Mm3) 

Entering Pak Beng 7.32   

Pak Beng Dam-
Out 

1.62 +6.6  0.04 – 0.29 

Luang Prabang 
Dam-Out 

1.4 +0.36  No Flushing Runs 

Xayabouri-Out 2.1 +0.60  0.26 – 0.47 

Pak Lay-Out 2.3 +0.63  0.10 – 0.91 

Sanakham-Out 3.6 +0.32  0.04 – 0.50 

 

5.3.3.3 Channel changes downstream of the Cascade Reach (Zone 2 and 3) 

Changes to channel fill from the Sanakham dam site to Paksane were modelled for the BDP 2030 

Reference Scenario and Scenario 1.1.  Each scenario was run from the same starting condition with 

respect to channel fill for a period 7 years.  The results are presented as changes in channel fill for each 

scenario (Figure 5.41), and as relative changes in bed level between the scenarios (Figure 5.42).  The 

results are presented as a longitudinal profile from the Sanakham dam site (km 0) to upstream of 

Paksane.  Both scenarios recorded areas of erosion in the 100 km of river channel downstream of the 

cascade, with changes decreasing with distance downstream.  The results are consistent with sediment 

starvation associated with the BDP 2030 Reference Scenario causing an erosional ‘wave’ moving 

downstream.  The higher erosion associated with Scenario 1.1 is attributable to the additional 

sediment capture associated with the cascade, including the trapping of tributary sediments entering 

downstream of the Lancang cascade and Sanakham.   

 

Figure 5.41.  Changes in channel fill for the reach downstream of Sanakham and upstream of 
Paksane. 

The net change after 7 years between the two scenarios (Figure 5.42) shows that erosion is increasing 

the channel depth in the upstream reach over time, and progressing downstream.  After 7 years the 

difference between the two scenarios is restricted to upstream of Vientiane, suggesting the ‘erosional 

wave’ has yet to progress that far downstream. 
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Figure 5.42. Output of sediment model showing bed level changes without the dam, and at 3, 5 and 7 

years after implementation. 

The differences between the two runs with respect to changes in channel fill are summarised in Table 

5.14 in the same format as provided in Table 5.13 for the impoundments and shows the magnitude 

of increased erosion over the reach between the two scenarios. 

Table 5.14.  Summary of bed level changes between Sanakham and Paksane. 

Volume changes based on bed 
elevation changes 

BDP 2030 Scenario 1.1 Net Change 

Changes to bed elevation between 
Sanakham and Paksane 

+6.2 Mm3/yr -2.8m3/yr -9.0 Mm3/yr 

 

In figure 5.43, the changes in channel fill are shown for all sediment fractions, and for coarser material 

(gravel+coarse sand+medium sand), fine-sand and silt and clay.  The greatest differences between the 

scenarios occurs in the upstream 100 km of the reach, where overall sediment removal is the greatest 

as well.  With respect to changes in the grain-size distribution of sediment present in the channel, the 

coarser fractions and fine sand size-fractions show the largest decrease in Scenario 1.1 compared to 

the BDP 2030 Reference, with silt and clay showing virtually no change between the two scenarios.  

This is consistent with the coarser sediment fractions being trapped in the cascade, as previously 

presented and discussed. 
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Figure 5.43.  Changes to sediment volumes in the river channel downstream of Sanakham dam site 
(km 1737) and upstream of Paksane (km 1395).  Vientiane at km 1583 and Nong Khai at km 1550. 

The average change in sediment over the reach by 100 km intervals is summarised in Figure 5.44 and 

Table 5.15, and demonstrates that the direction of change is similar in both the BDP 2030 Reference 

and Scenario 1.1, however, the magnitude of erosion is greater, and magnitude of deposition is less in 

Scenario 1.1 as compared to the BDP 2030.  Under either scenario, it is highly likely that the erosional 

‘wave’ will continue to progress downstream, with the largest difference between the scenarios likely 

to be the rate of movement of the ‘wave’. 

These trends demonstrate that implementation of the Lao cascade will increase the rate of erosion 

in the downstream river channel.  The cascade will hasten the impact of the Lancang cascade by 

effectively removing the buffering potential of the sediment located within the cascade reach. That 

is, in the absence of the cascade, the erosion the sediment within the cascade will increase sediment 

loads downstream, and reduce the impact of the Lancange Cascade whilst sediments remain available 

for transport.  Once the cascade is established, the potential for the sediments in the river channel to 

be transported downstream is greatly reduced, thus reducing the time until the (cumulative) impacts 

of the Lancang and northern Laos cascades extend downstream.  Whether the ultimate ‘end point’ on 

the scale of decades to centuries will be different between the two scenarios (with and without the 

Laos cascade) is difficult to assess.. 
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Figure 5.44.  Average change to channel fill downstream of Sanakham dam site over 7 years.  Results 
grouped by 100 km section of river channel. 

Table 5.15.  Annualised changes to sediment mass/m2/yr in three sections of the river downstream of 
Sanakham. 

Changes to sediment mass 
downstream of cascade to 
Paksane 

BDP 2030 Scenario 1.1 Net Change 

Changes to 
volume of 
sediment 
downstream 
of cascade to 
Paksane 

Km 1735 - 1635 
Km1635 - 1535 
Km 1535 - 1435 

-7.7 kg/m2/yr 
+13.4 kg/m2/yr 
+4.0 kg/m2/yr 

-51.0 kg/m2/yr 
+8.3kg/m2/yr 
+2.5kg/m2/yr 

-43.3 kg/m2/yr 
-5.1 kg/m2/yr 
-1.5 kg/m2/yr 

 

5.3.4 Geomorphic Indicator – Deep Pools 

Deep pools provide important habitat and refugio for aquatic systems (see also chapter 5.5), and are 

maintained by the balance between the timing and magnitude of sediment delivery and the timing and 

magnitude of flow (shear stress).  Based on the hydrologic and sediment model results, the following 

is projected to occur to deep pools in the various reaches of the river: 

 Cascade reach (Zone 1):  Within most of the cascade reach, sedimentation increases and water 

velocity decreases after development of the cascade.  These changes will promote 

sedimentation and eventual filling of the deep pools.  Examples of sedimentation within 

reservoirs showing in-filling of deep pools are portrayed in figure 5.45.  The rate of filling will 

depend on the sediment load entering each impoundment, and the location of the deep pool 

within the impoundment, for example, pools located within the Pak Beng reservoir would be 

expected to fill more rapidly as compared to pools in the Luang Prabang impoundment due to 

higher sediment loads in the upstream impoundment.  There are some limited areas, notably 

the river reach between the Luang Prabang Dam and the head of the Xayabouri reservoir 

where the river will not be impounded and pools in these areas are likely to be maintained, 

especially as sediment loads from tributaries decrease due to capture in tributary dams.  The 

upper reaches of the Sanakham reservoir is another area that is projected to experience 

erosion, which may maintain pools; 
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Figure 5.45.  Examples of deposition in impoundments after 7-years, showing in-filling of deep 

pools. 

 Sanakham to Paksane reach (Zone 2):  Model results within this reach suggest that deep pools 

will be maintained (Figure 5.46).  This is based on a reduction in sediment loads entering from 

the cascade reach, but little change in the seasonal hydrology of the river.  The high shear 

stress associated with flood flows will maintain existing pools, and promote the erosional wave 

progressing downstream.  Overtime, pools in this reach may deepen (if not constrained by 

bedrock) owing to the long-term reduction in sediment loads; 
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Figure 5.46.  Deposition and erosion downstream of Sanakham after 7-years of cascade 

operations. 

 Downstream of Paksane (Zone 3):  Over the long term, deep pools downstream of Paksane 

will experience a decrease in sediment supply but little change to the timing or magnitude of 

peak flood flows that are required for maintenance of the pools.  This could promote a 

deepening of pools that are not constrained by bedrock, and / or reduce the quantity of 

sediment that accumulates in pools during the dry season.  Pools in this reach will also be 

affected by tributary dams and other water resource developments, such as irrigation and sand 

mining. 

The indicators for deep pools are based on the modelling results, but considered qualitative as no 

magnitude of the degree of deposition or erosion in the deep pools has been extracted from the model 

results. In the final indicator table in Annex F, arrows indicating an increase () or decrease () in depth 

of pools have been assigned to the scenarios.  There is no difference in the indicator score for deep 

pools between the three mains scenarios. 

5.3.5 Geomorphic Indicator – Rapids 

Rapids are important for fish, providing areas for spawning and feeding (see also Chapter 5.5).  They 

also contain a mosaic of hydraulic conditions that support a huge range of vegetation types.  The 

implementation of the cascade will alter the distribution and quality of rapids in the following ways: 

 Cascade reach (Zone 1):  In the cascade reach, the great majority of rapids will be inundated, 

and cease to exist.  Short bedrock reaches downstream of dams may continue to be covered 

by shallow, rapidly moving water and remain as rapid-habitat.  In these areas, some additional 

bedrock may be exposed due to erosion of overlying sediments and also provide rapid-habitat.  

Rapids present within the reach downstream of the Luang Prabang dam and upstream of the 

tail water of the Xayabouri impoundment will also remain; 

 Sanakham to Paksane (Zone 2):  Rapids in this reach are projected to remain, and may 

increase in occurrence as sediment is removed from the channel.  As the sediment is removed, 

vegetation communities that are associated with rapids may decrease, which would alter the 

overall characteristics of the habitat; 
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 Downstream of Paksane (Zone 3):  In the short term, rapids downstream of Paksane are 

unlikely to be affected by the operation of the cascade.  Over the long term, as sediment supply 

decreases, exposed bedrock and rapids may increase, but this is dependant on other landuse 

and catchment activities as well as the upstream cascade. 

5.3.6 Long-term trends in Channel Changes and Sediment Loads  

Sediment transport in the LMB is in a state of change, and will continue to change into the future 

with or without the development of the norther Laos Cascade due to the operation of the Lancang 

Cascade, tributary dams and other land use and catchment activities. The sediment modelling results 

have provided information about a wide range of sediment processes over a 7-year time frame.  The 

model has also been used to investigate changes over longer time frames with resepect to bed level 

changes within the Pak Beng reservoir and in the downstream reach between Sanakham and Paksane. 

The continued deposition of material and the progressive deposition of material closer to the dam wall 

is evident in the Pak Beng model results (Figure 5.47).  Between years 10 and 28, the delta ‘front’ 

progresses approximately 30 km downstream, where as it only moved about 10 km in the first 10 years 

of the impoundment’s life.  The profiles also suggest that the upstream extent of the reservoir alters 

from an area of erosion to deposition in years 20 to 28.  Under these conditions of sediment deposition, 

it is likely that sediment flushing could mobilise a higher sediment load as compared to the scenario 

after only 7 years.  The transect suggests that there is a constriction or other feature that is affecting 

the hydraulics of the system and preventing the movement of sediment downstream at about 20 km 

upstream of the dam.  In this location, the channel is narrow and characterised by numerous deep 

pools and bends.  These features may be creating a localised backwater that is trapping sediment.   

 

Figure 5.47.  Bed level changes in the Pak Beng reservoir from years 10 to 28 of the cascade.  

The longer model runs for the reach between Sanakham and Paksane show similar processes as 

captured in the 7-year run, and demonstrate the downstream progression of the sediment wave.  

Differences in bed level changes now extend well downstream of Vientiane, but have yet to reach 

Paksane. Net changes between the scenarios range up to 1 m, attributable to deposition BDP 2030 

scenario and erosion in Scenario 1.1. 
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Figure 5.48. Differences in bed level changes in the downstream reach. 

The sediment output from the model after 7 and 16 years is compared for sediment load and grain-

size distribution in Table 5.16, and shows that there is overall little change in the output from the 

Sanakham dam or sediment discharge at Paksane between the two time periods.  The lack of change 

at Paksane is attributable to sediment still being available for transport in the upstream reach as the 

erosional wave has yet to reach Paksane.  If the same rate of progression between years 7 and 16 is 

assumed, the sediment load at Paksane would be expected to decrease in the following 10 years as 

the sediment supply becomes exhausted. 

Table 5.16.  Sediment loads and grain-size distribution at Sanakham and Paksane after 7 and 16 years 

based on model output. 

Indicator Scen 0.2 BDP 2030 
 

Scen 1.1 Run of Riv 
 

Annual Sediment 
Load at Sanakham 
Damsite 
Km 1737 
AFTER 7 YEARS 

21.3 Mt/yr 
Gr:  1% 

C Sand: 5% 
M Sand 16% 
F Sand: 59% 

Silt+Clay: 20% 

6.0 Mt/yr 
Gr: <1% 

C Sand: 1% 
M Sand: 3% 
F Sand: 12% 

Silt+Clay: 84% 

Annual Sediment 
Load at Sanakham 
Damsite 
Km 1737 
AFTER 16 YEARS 

22.9 Mt/yr 
Gr:  <1% 

C Sand: 5% 
M Sand 16% 
F Sand: 59% 

Silt+Clay: 29% 

6.0 Mt/yr 
Gr: <1% 

C Sand: 1% 
M Sand: 3% 
F Sand: 14% 

Silt+Clay: 82% 

Annual Sediment 
Load at Paksane 
AFTER 7 YEARS 

18.3 Mt/yr 
Gr:  1% 

C Sand: 4% 
M Sand 14% 
F Sand: 22% 

Silt+Clay: 60% 

18.5 Mt/yr 
Gr:  1% 

C Sand: 4% 
M Sand 14% 
F Sand: 22% 

Silt+, Clay: 60% 
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Indicator Scen 0.2 BDP 2030 
 

Scen 1.1 Run of Riv 
 

Annual Sediment 
Load at Paksane 
AFTER 16 YEARS 

15.6 Mt/yr 
Gr:  1% 

C Sand: 5% 
M Sand 16% 
F Sand: 34% 

Silt+Clay: 45% 

15.1 Mt/yr 
Gr:  1% 

C Sand: 5% 
M Sand 17% 
F Sand: 31% 

Silt+, Clay: 47% 

 

The indicators in the main indicator table (Annex F) reflect conditions after the first 7 years of cascade 

operation.  Indicators that are likely to change over the longer term include: 

 Sediment load entering the Pak Beng reservoir:  This is expected to decrease due to increased 

trapping in reservoirs and the depletion of the in channel sediment source downstream of the 

Lancang cascade; 

 Sediment trapping in reservoirs will change as the sediment load diminishes and changes 

composition; 

 Erosion in the Sanakham to Paksane reach will increase over time as the sediment supply is 

depleted. 

 

5.3.7 Value of sediment in multi-criteria assessment 

The ‘value’ of the sediment trapped within the cascade and / or mobilised during sediment flushing is 

included as an indicator in the multi-criteria analysis.  This value is restricted to a monetary value in 

the analysis, and is based on the price of gravel, sand and clay as construction materials.  This approach 

is consistent with the ISH02 economic evaluation methodology that limits the ‘value’ to quantifiable 

economic commodities.   

This approach may not capture the true value of sediment due to the long time frames associated with 

geomorphic change.  For example, sediment removal is likely to increase bank instability and collapse 

over long periods, and the costs associated withbank stabilisation works or loss of infrastructure is not 

captured or reflected in the ‘value’ of the sediment being removed on an annual basis.  Some of the 

other economic values of sediment that need to be considered include: 

 Maintenance of channel stability which is important for navigation and other infrastucture; 

 Maintenance of floodplains and river banks which are used for agriculture, including the 

provision of ‘free’ nutrients; 

 Maintenance of the quality and distribution of ecological habitats and food webs; 
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5.4 Water Quality Impact Mitigation 
The ISH0306 investigations have not included specific water quality mitigation measures or water 

quality modelling e.  Instead, a risk based approach has been adopted to identify potential water 

quality issues associated with each of the scenarios based on the physical changes identified through 

the modelling work. Where appropriate the potential to mitigate any identified changes based on the 

infrastructure and operating pattern of the cascade have also been evaluated.   

As noted in the Methodology section of this report, there are many other indicators that are relevant 

to water quality within and downstream of hydropower impoundments, including nutrients, dissolved 

oxygen, and metals.  These have not been considered in the Case Study due to a lack of input data for 

the model, and the relatively short time available for the Case Study exercise. 

The water quality risks arising from the physical changes associated with implementation of the 

cascade include the following: 

 Increased residence time in the river reach promoting increased water temperatures during 

the dry season and promoting algal blooms (Indicator = Residence time); 

 Reduction in water velocities through the reach promoting deposition of sediments and 

promoting algal blooms (Indicator = water velocity <0.4 m/s); 

 Reduction in suspended material and increased light penetration promoting algal growth 

(Indicator = Water clarity); 

 Changes to nutrient discharge due to sediment trapping within the impoundment (Indicator = 

suspended sediment surface area); 

 Thermal stratification leading to low levels of dissolved oxygen in bottom water and discharge 

waters (Indicator = Residence time); 

 Nutrient and metal release from sediments under changing oxygen regimes (Indicator = risk of 

stratification).  

 

The first three indicators are associated with the risk of algal bloom and are considered collectively.  It 

is also important to recognise the water quality changes and trends that are inherent in the BDP 2030 

reference condition and directly affect future changes to water quality in the cascade. 

5.4.1 Changes to water quality in absence of cascade 

Water quality changes associated with the BDP 2030 Reference Scenario without a mainstream 

cascade have already included or are likely to include the following: 

Increased water clarity due to the large reduction in suspended sediment concentrations from 

sediment trapping in the Lancang Cascade and tributary dams.  The large reduction in suspended 

sediment concentrations (Figure 5.49) associated with development in the UMB has reduced median 

suspended sediment concentrations to <100 mg/L for 6-months of the year (2009 – 2013) as compared 

to 2-3 months of the year prior to 1993.  This decrease allows greater light penetration into the water 

column, and could contribute to increased algal activity during periods of low river flow. 
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Figure 5.49.  Comparison of suspend sediment concentrations at Chiang Saen during the dry season in 
1968 to 1992, and in 2009 to 2013. 

Changes to water temperature due to storage in the mainstream UMB dams and the tributary dams.  

Water temperatures are altered during storage in dams.  Large impoundments that can store water 

on an inter-seasonal basis have the potential to alter water quality downstream through the release 

seasonally warmer or colder water.  Even small impoundments can alter water temperature through 

increased warming during storage in the dry season.   

Other changes to water quality during storage.  The large number of tributary dams included in the 

BDP 2030 Reference scenario has the potential to alter water quality through chemical changes 

associated with impoundments.  Decreased oxygen concentrations leading to metal release from 

sediments or, increased nutrients associated with the decomposition of organic matter in inundation 

areas are examples of potential changes.  Because many of the tributary dams included in the BDP 

2030 Scenario are located in close proximity to the mainstream Mekong, there is a high potential for 

these water quality changes to impact on mainstream water quality. 

Increased run-off of nutrients, pesticides and herbicides from increased and changing agricultural and 

other land use practices in the UMB and LMB as activities expands and intensify.  As an example, in 

northern Lao PDR there has been a large expansion in banana plantations near the Mekong River over 

the past decade.  The establishment and management of these and other agricultural activities have 

the potential to increase run off into river systems.  The expansion of irrigation schemes that enable 

intensification of agriculture can also contribute to the run-off of nutrients and chemicals into water 

ways. 

 

Figure 5.50.  Photo of banana plantations near 
the Mekong River upstream of Xayaburi. Photo 
obtained in November 2015. 
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Increased municipal discharge and runoff from urban areas as populations increase. The LMB region 

in general is experiencing increases in urban populations that will increase the discharge of sewage 

and urban run-off into waterways.   

5.4.2 Changes to Water Quality with the Cascade 

5.4.2.1 Increased risk of algal bloom-Cascade Reach (Zone 1) – Scenarios 1.1 and 1.3 

The risk of algal blooms is directly related to the physical attributes and hydrology of the cascade.  The 

hydrologic investigations have demonstrated that there is little difference in the hydrology between 

Scenarios 1.1 and 1.3 so these are considered collectively in the following discussion.  Scenario 1.2, 

sediment flushing, has a low risk of algal blooms due to the high velocity of water moving through the 

impoundments.  

Table 5.17 summarises the physical characteristics of the impoundments in the cascade, and provides 

estimates of the pre- and post- dam residence time of water in each river reach.  The pre-dam 

estimates are based on the length of the river channel and the average flow velocity associated with 

dry (April) and wet (August) seasons derived from MRC discharge monitoring.  The post-dam residence 

times are based on dividing the volume of each impoundment by the average monthly inflows for a 

dry (April) and a wet (August) month.  The ‘total’ and ‘active’ volumes for each impoundment are 

presented in Table 5.19.  If an impoundment is completely mixed, then using the total volume for the 

calculation provides an estimate of the residence time of water.  If an impoundment is stratified, and 

water flows only through the active volume with ‘dead’ water remaining stationary at depth, then 

using the active volume is a more accurate determination.  Because the cascade hydropower stations 

are assumed to have low level intakes, it is likely that there will be a reasonable degree of mixing in 

the lakes, so the actual residence time of water in the impoundments is likely closer to the total 

volume calculation rather than the ‘active’ volume. 

In the dry season, the pre-dam residence time of water in the cascade reach is estimated to range from 

~1 to ~3 days in each of the impoundments, and about 9 days in the entire reach.  After development 

of the cascade, the dry season residence time is estimated to range from ~9 to ~35 days.  In the wet 

season, the pre-dam residence time ranges from ~0.5 days to ~1.5 days in each reservoir, with a total 

time of ~5 days.  The estimated residence time post-dam ranges from 2 to 7 days.  The lower residence 

time in the wet season for the ‘active’ volume as compared to the pre-dam scenario is because the 

‘active’ storage only has a depth of 5 m in each reservoir, whereas the depth of the river during the 

wet season is greater than 5 m (on average). These comparisons suggest that during the dry season, 

there will be a sizeable increase in residence time of water within the cascade reach as compared to 

the pre-dam scenario, and only a small change during the wet season. 

Table 5.17.  Summary of physical characteristics of the northern Lao PDR cascade, and estimated 
changes to residence time of water in the river reach. 

Lake Total Vol Active Vol Length 
Residence time 
pre-dam (Days) 

Residence time 
Post-dam (Days) 

Residence time Post 
dam (Days) 

 Mm3 Mm3 km Dry Wet 
Dry - 

Tot Vol 

Dry-
Active 

Vol 
Wet-Tot 

Vol 

Wet-
Active 

Vol 

PB 665 209 183.2 3.1 1.6 5.1 1.6 1.3 0.4 

LP 1211 226 137.4 2.3 1.2 9.3 1.7 2.1 0.4 

XB 1107 312 127.5 1.6 1.0 7.3 2.1 1.5 0.4 
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Lake Total Vol Active Vol Length 
Residence time 
pre-dam (Days) 

Residence time 
Post-dam (Days) 

Residence time Post 
dam (Days) 

 Mm3 Mm3 km Dry Wet 
Dry - 

Tot Vol 

Dry-
Active 

Vol 
Wet-Tot 

Vol 

Wet-
Active 

Vol 

PL 1312 324 117 1.4 0.9 8.4 2.1 1.7 0.4 

SK 750 264 75 0.9 0.6 4.8 1.7 1.0 0.3 

Total 5044 1335 640 9.3 5.2 34.8 9.1 7.6 2.0 

 

During storage in the dams, water temperatures are likely to increase, due to the increase in surface 

area of the impoundments, and the increased residence time.  This is not only applicable to the 

mainstream cascade, but to tributary dams as well.  An example of increased surface area associated 

with damming is shown in a Google Earth image (Figure 5.51) that captures an impoundment on the 

Nam Khan both before and after impoundment, and demonstrates the much larger surface area 

following damming.  Not all impoundments increase surface area by such a large extent; the 

impoundments in the cascade are projected to individually increase surface areas by between 4% and 

60%, with an overall increase over the cascade of ~35%.   

An estimate of the potential warming of water whilst in storage is provided by comparing the degree 

of warming presently occurring within the river in the reach between Chian Saen and Vientiane (Figure 

5.51).  During the dry months, it is estimated it takes ~13 days to transit the distance between the 

sites, and temperatures increase by 4°C to 5°C during that period.  It is plausible that a similar 

magnitude of warming will occur during storage in the impoundments, with slow moving surface 

waters potentially increasing by larger amounts locally. This would increase water temperatures earlier 

in the dry season as compared to the BDP2030 Reference Scenario, and could contribute to increased 

algal growth. 

  

Figure 5.51.  (left) Google Earth image of the Nam Kham river showing increase in water surface area 
following creation of an impoundment. Figure 5.51. (right) Monthly water temperature readings from 
Chiang Saen and Vientiane 2012-2013.   

Water velocities in each of the impoundment reaches will decrease relative to the BDP 2030 pre-dam 

conditions, with velocities reducing to well below 0.5 m/s during the dry season (Figure 5.52).  

Modelling investigations into the hydraulic conditions that promote algal blooms have found that the 

risk of growth increases when water velocities decrease below 0.4 m/s (Huang, 2008).  The velocity 

graphs show that these conditions extend for tens of kilometres with in each of the impoundment.  

Within the Pak Lay and Sanakham reservoirs, velocities below 0.5 m/s persist for a combined length of 

>120 km, with the exception of increased velocities at the Pak Lay dam site.  As these lakes are the last 
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in the cascade, these low velocities combined with warmer water temperatures could increase the risk 

blooms and of high algal concentrations being discharged downstream.  

 

 

Figure 5.52.  Average velocities in each of the impoundments for the months of Dec - April.  Based on 
cross-sectional averaged velocities from Delft 3D model.  

Light penetration in the cascade will increase due to the reduction in suspended sediments driven by 

the decrease in flow velocity.  The sediment modelling results have shown that silts and clays will be 

retained in the water column.  These size fractions have the largest surface area per unit mass of any 

sediment fraction and exert the greatest influence on water clarity, so the increase in light penetration 

will not be directly proportional to the decrease in sediment concentrations.  Investigations in northern 

Thailand by Zeigler et al. (2014) found that turbidity values of 20 to 50 NTU roughly equated to 

suspended solids concentrations of about 30 to 80 mg/L in rivers in the region.  Ecological health 

monitoring by the MRC has recorded light penetration depths (Secchi) of 0.5 m at turbidity levels of 20 

NTU.   

Based on this information, it is assumed that light penetration will extend into the water column on 

days when the average daily suspended sediment concentration falls below 50 mg/L.  The number of 

days this condition is met was determined for each dam site using the daily averaged sediment model 

results (Figure 5.53).  In the BDP2030 Reference scenario, low concentrations occur upstream of Pak 

Lay 10% to 45% of the time. In the post-dam Scenario 1.1, the low sediment concentrations occur 

between 68% and 92% of the time.  The largest changes are projected to occur in the Pak Lay and 

Sanakham impoundments, where ‘pre-dam’ model results suggest sediment concentrations below 50 

mg/L will occur ~10% of the time in Pak Lay, and <1% of the time at Sanakham, but increase to ~85 and 

~65% of the time under Scenario 1.1. 
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Figure 5.53.  Percentage of days the suspended 
sediment concentration in the average daily 
discharge at each of the dam sites was below 50 
mg/L based on the results of the sediment 
model. 

 

It must be recognised, that in addition to warm, slow moving and relatively clear water, a nutrient 

supply is required for algal blooms to occur.  As discussed in the ‘no cascade’ scenario, nutrient inputs 

to the river from agricultural activities are likely increasing due to the expansion and intensification of 

agricultural activities in the cascade catchment.  In addition, hydropower impoundments frequently 

enable additional water related development (agriculture, aquaculture, industry) that can increase 

nutrient inputs into impoundments through runoff or discharges.   

There is evidence that sufficient nutrients are present in the Mekong to promote algal growth given 

the right physical conditions based on the presence of an algal bloom ‘pond’ upstream of the Xayabouri 

dam in March 2015.  This bloom was present even though residence times were low relative to the 

future operating conditions of the impoundment (water level was 18 m below full supply level), and 

the water had not been subjected to storage upstream.   

Mitigation measures to address algal blooms are largely dependent on catchment management 

approaches that limit nutrient input to impoundments.  In some instances, operating procedures can 

be used to lessen the severity of bloom events.  For example, in the Three Gorges project, algal blooms 

commonly occur at tributary confluences due to hydraulic changes and elevated nutrient loads.  

Numerical modelling has found that operating the station under a daily hydropeaking regime can 

increase mixing in these high risk zones, and reduce the severity of algal blooms (Lian et al., 2014).  

Whether this approach is applicable to the Mekong cascade would require additional investigation. 

 

Figure 5.54. Algal bloom on surface water in 
backwater pond upstream of Xayabouri dam.  
Photo obtained in March 2016. 

In summary, the development of the norther Lao PDR cascade will alter the physical attributes of the 

Mekong River valley.  The free-flowing river will be divided into five separate impoundments.  This 

change will affect water quality through altering the residence time and flow velocity of water within 
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the cascade reach and reducing suspended sediment concentrations.  Collectively, these changes have 

the potential to increase the risk of algal blooms in the impoundment areas. 

Algal blooms and the poor water quality that can result from algal blooms can impact on the multi-use 

‘benefits’ provided by Hydropower Projects.  For example, very poor water quality could preclude the 

use of the waterway for aquaculture, or as a source of irrigation water, or prevent the migration of fish 

due to chemical or low dissolved oxygen ‘barriers’.  

The water quality indicators included in the final Indicator Table are derived from the residence time, 

water clarity and velocity results presented in this section. 

5.4.2.2 Increased risk of algal bloom-Sanakham to Paksane (Zones 2 and 3) – Scenarios 1.1 

and 1.3 

Water qualiy changes occurring within the cascade will impact the river system downstream of the 

final dam, with impacts generally proportional to the distance from the discharge point of the dam, 

and the number and volume of tributary inflows entering downstream. 

Potential impacts could include an increase in water temperature during the dry season, and lower 

turbidity throughout the year as compared to pre-dam conditions.  There is potential for nutrient fluxes 

to decrease, however, because nutrients are typically carried by fine-sediments and the the vast 

majority of the silt and clay passes through the dams, nutrients fluxes are unlikely to decrease as much 

as sediment loads.   

This has been the case at Chian Saen, where in spite of large decreases in sediment concentrations 

associated with development of the Lancang Cascade, nutrient levels have not decreased.  In addition 

to the maintenance of silt and clay transport through the river, nutrient transport has also likely been 

affected by the development of new industries linked to the water supply provided by the cascade, 

such as paper mills.  It is also possible that the degradation of organic matter within the reservoirs has 

provided an additional source of nutrients downstream. 

If algal blooms are prevalent in the impoundments, then higher concentrations of algae are likely to 

be discharged to the river system which may promote additional growth downstream under conditions 

of low flow. 

The potential differences to risks of algal blooms between Scenario 1.1 and Scenario 1.3 are considered 

small.  Hydropeaking is unlikely to alter water quality conditions in the impoundments or downstream 

of the final impoundment to a large degree.  If discharge from the final dam were shut off completely 

and then re-initiated, there would likely be a pulse of higher sediment (and nutrient) water at the 

beginning of each hydropeaking cycle, but this mode of operation is not likely as it is not practicable to 

turn off the Mekong River. 

Similarly, temperature variations in the river may occur over short time periods if there is a large 

difference in temperature between the tributaries and the impoundment.  During periods of power 

generation, the temperature in the downstream river will be controlled by the power station 

discharge, however, during periods of lower power station discharge, inflow from the tributaries could 

dominate, resulting in frequent temperature fluctuations. 
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As referenced in the water quality section on algal blooms, there is potential for hydropeaking to alter 

localised hydraulics in an impoundment which could enhance mixing at tributary confluences, as has 

been identified for the Three Rivers hydropower impoundment.  Whether this is feasible or desirable 

within the context of the northern Lao PDR cascade is unknown.   

5.4.2.3 Risk of water column stratification 

Lake stratification is controlled by the hydrology, bathymetry, orientation and solar radiation of an 

impoundment.  In turn, the solar radiation is a funtion of latitude, longitude and elevation.  The 

potential for a water body to stratify c, and elevation, indicating how many times per year a lake may 

stratify and subsequently mix.  The lakes in the cascade are located between approximately 17°N and 

20°N which places them in the classification between oligomictic (permanenetly stratified) and 

monomictic (stratify and mix once per year).  This suggests there is a risk of lake stratification, but does 

not reflect the specific flow and bathymetric characteristics of the cascade. 

 

Figure 5.55. General classification of lakes with respect to stratification (Wetzel, 1975). 

A second approach to evaluate the potential for stratification is the derivation of the Densiometric 

Froude number (Fd) which uses the following relationship based on the volume (V), length (L), gravity 

(g) and a constant (e), (Norton et al., 1968 in Martin and McCutcheon, 1998): 

Fd = √
1

𝑔𝑒
   𝐿𝑄/VD 

Values of Fd < ~0.32 indicate the potential for stratification. Values much higher are considered to 

indicate well mixed water bodies 

Using this approach and the appropriate parameters for each impoundment, the potential for 

stratification within the cascade is suggested to be low with all Fd values > 4.  The order for potential 

stratification decreased as follows (e.g. Luang Prabang had the lowest Fd value and Sanakham the 

highest):  Luang Prabang > Pak Lay > Xayabouri > Pak Beng > Sanakham. 

These results suggest there is a low risk of stratification occurring on a lake wide basis in the cascade, 

but there may be a risk of localised stratification due to the low level inlets included in the power 

station and dam design (assuming all hydropower projects have a similar design to Xayabouri).  The 

drawing of water from low in the reservoir can create a ‘dead’ zone in the surface waters near the dam 

which can increase in temperature and lead to local stratification (Figure 5.56).  Because this is a 
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hydraulically controlled phenomenon rather than a thermal or morphological controlled process, it is 

possible that this zone could persist except during periods of high flows when the power station was 

spilling and the surface waters near the dam were discharged.   

 
Figure 5.56.  Schematic of dam with low-level intake showing potential area of water column 

stratification (Dai et al, 2013). 

This risk of localised stratification may increase in suscessive impoundments; if the water entering from 

the upstream reservoir is cooler than the resident water in the downstream impoudment, it could form 

a density current and ‘flow’ along the bottom of the impoundment to the power station inlet, thus 

isolating the surface waters.  Monitoring will be required to determine the thermal changes within 

each reservoir. 

5.4.2.4 Risk of nutrient or metal release from sediments in impoundments 

The release or cycling of nutrients, metals or other compounds such as mercury within impoundments 

is closely related to thermal stratification and oxygen levels.  Under conditions of low oxygen, iron and 

manganese compounds, which are commonly present in the sediment load of rivers, can dissolve and 

release other metals or nutrients that were adsorbed onto the sediment surface.  The decomposition 

of organic matter following inundation can be a major contributor to this process during the first few 

years following inundation, and can release compounds stored within the underlying soils. 

The large volume of organic material that will be inundated during creation of each reservoir will 

increase the risk of low oxygen conditions within the impoundments even in the absence of thermal 

stratification.  Unless the entire water column can ‘ventilate’ and be re-oxygenated or replenished by 

‘new’ water at a rate that exceeds the rate of organic decay, then dissolved oxygen levels will decrease.  

The extent and duration of the decrease will be dependant on rate of water level movement through 

the impoundment and the quantity of organic material undergoing decay.  It is unknown whether the 

rate of movement of water through the impoundments, especially in the dry season, will be sufficient 

to prevent oxygen depletion.  Monitoring and additional investigations are required to address this 

question.  
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5.4.2.5 Risk to water quality from sediment-flushing downstream of cascade (Zone 2 and 

3) 

Sediment flushing of reservoirs has the potential to affect water quality in the following ways: 

 A ‘pulse’ of sediment-laden water can be discharged to the downstream environment.  The 

concentration of sediment may directly affect the quality of water for extractive uses and 

impact downstream ecological processes; 

 The release of water at depth from an impoundment can result in water containing low 

concentrations of dissolved oxygen entering the downstream river; 

 The pore water released during sediment flushing can have water quality characteristics which 

differ considerably, and may increase nutrient / metal or other concentrations in the 

discharge; 

 The draining of an impoundment can expose partially decomposed dead vegetation that can 

produce unpleasant odours. 

 

Each of these risks is assessed based on the results of the sediment modelling and water quality risk 

analysis. 

The model results for sediment flushing runs are presented and discussed in detail in Section 5.3.1.4., 
and should be consulted for information.  This analysis focuses on flushing events at Pak Beng that vary 
in draw down rates between 0.1 and 1.0 m/hr.  
 
The concentrations and grain size distribution in the discharge associated with no flushing, and ‘slow’ 

and ‘fast’ flushing runs are shown in Figure 5.57, and demonstrate that anticipated sediment 

concentrations are in the range of ~100 mg/L to 1100 mg/L, with the maximum concentrations during 

the 1 m/hr drawdown limited to only a few hours.  These concentrations are well within the range of 

sediment concentrations previously present in the river, and should not present a wide-spread water 

quality issue.   

The extent to which the sediment would settle or be transported downstream is somewhat dependent 

on when the flushing operation is completed (e.g. dry v wet season), although because of the ‘flushed’ 

material being composed of predominantly fine sand and silt& clay, most is likely to be transported 

large distances downstream.  

The discharge of a large plume of sediments could also be accompanied by a pulse of nutrients and 

other constituents (iron, manganese and other pollutants) that are bound to the sediments, or were 

present in interstitial water within the reservoir.  Sediment bound nutrients may increase by about 

20% during the flushing operations, based on the 20% increase in the discharge of fine sand, silt & clay 

during this period.  It is not possible to estimate the magnitude of nutrients or other parameters that 

may be mobilised during sediment disturbance.  Early in the life of the reservoir nutrient loads may be 

relatively high related to the degradation of organic matter in the inundated soils.  The short duration 

of the sediment flushing event, especially in the case of the ‘fast’ pulse will limit the duration of these 

discharges. 

Mitigation measures that can reduce risks associated with increased sediment and nutrient 

concentrations include completing flushing operations during periods of moderate tributary inflow 

such that there are other lower sediment and nutrient sources entering the river, releasing additional 
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‘clean’ water downstream through higher level intakes (or the turbines) and informing downstream 

water users about the timing of any flushing events such that water intakes can be managed 

accordingly.   

 

 

Figure 5.57.  Suspended sediment concentrations associated with flushing events at Pak Beng.  Top 
graphs shows no flushing, middle graph shows flushing with a drawdown rate of 0.1 m/hr and the 
bottom graphs shows an event with 1.0 m/hr drawadown.  The distribution of sediment grain sizes is 
also shown. 

The risk of releasing low oxygen bearing water during sediment flushing is considered low due to the 

low risk of water column stratification.  The risk might temporarily increased during the first years 

following impoundment due to the consumption of oxygen through the degradation of organic matter.  

Due to the large volume of water from higher in the water column that would be released during a 

flushing event it is unlikely that low dissolved oxygen levels would persist downstream.  The flushing 

event would also generate high water flows and increase turbulence in the river that would assist with 

re-oxygenation of water.  

 

 

 

 

 

 



184 
 

5.5 Fisheries and Aquatic Ecology Impact Mitigation  
Most of the previously discussed indicators are also of high relevance for assessing the efficiency of 

the mitigation measures for the diverse scenarios on fisheries and aquatic ecology. In this chapter, only 

indicators, which were not yet covered by previous chapters, are included. 

5.5.1 River connectivity 

The disruption of river continuity is considered as one of the main cause of impact to aquatic 

organisms, especially migratory fish. Aquatic organisms rely on connectivity on four dimensions: 

lateral, longitudinal, vertical and seasonal (Stanford & Ward, 2001; Ward, 1989). Connectivity affects 

both ecosystems (functions, habitats and community structures) and population dynamics (migration, 

dispersal). Connectivity indicators were either calculated for the entire catchment or for zone 1. 

However, negative impacts of the cascade and improvements by mitigation options will also effect 

downstream reaches (i.e. zone 2 and 3). 

5.5.1.1 Overall connectivity (catchment and zone 1) 

As already described in chapter 3.6.1.1, different connectivity indices were calculated for the Mekong 

basin. Scenario 1.1.0 results in a DCIStrahler of 28 % and a DCIMigr of 74 % (see also Figure 5.58). For the 

diverse cascade-scenarios (1.1.0 to 1.3.E) the DCIs stays the same for all scenarios whithout fish pass 

facilities (see table 5.18). This means, that only the connected-river network downstream of the 

cascade is reachable for migratory species, while the cascade is no longer accessible. If a species relies 

on spawning grounds located in or upstream of the cascade, the population can no longer sustain and 

will most likely become extinct in near future.  
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Figure 5.58. DCIs for scenarios without a fish pass (green = still connected river section).  

Once the connectivity loss is mitigated by fish passes, it is assumed that the DCIs again correspond to 

the BDP 2030 conditions. Of course, this is not entirely true, since selected species and age classes 

might still be limited in their up- and downstream migration efficiency or subject to the risk of turbine 

passage. To take this into consideration, additional indicators are assessed for these scenarios (see 

below). 

Table 5.18. Scenarios with (FP) and without fish pass (x). 

Scenario Fish pass DCI Strahler DCI Migr 

1.1.0 no 28 74 

1.1.A no 28 74 

1.1.B yes 37 81 

1.2.A no 28 74 

1.2.B no 28 74 

1.2.C yes 37 81 

1.2.D yes 37 81 

1.3.0 no 28 74 

1.3.A no 28 74 
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Scenario Fish pass DCI Strahler DCI Migr 

1.3.B no 28 74 

1.3.C yes 37 81 

1.3.D yes 37 81 

1.3.E yes 37 81 

 

5.5.1.2 Upstream migrating adults  

For those scenarios, where fish pass solutions are in place (see table 5.18 above), the upstream 

migration efficiency for adults is assessed. Upstream migration is mostly supported by the technical 

fish pass with consecutive fish lift (see chapter 3.1.3). Also the navigation locks might provide a passage 

route, which is, however, only operated occasionally and only in the wet season and is therefore not 

considered in the assessment. One of the indicators assesses the upstream passage efficiency via the 

whole cascade (i.e. 5 dams).  

Although the dimension and flow velocities in the fish pass seem suitable for most species, it yet needs 

to be tested if all species can find the entrance. Although a collection gallery provides several entries, 

the galleries position (i.e. above the turbines) might not be suitable for bottom-dwelling fish. It also 

has to be proven if the fish pass can cope with high biomass peaks at the onset of the wet season. Even 

by assuming an optimistic 90 % passage efficiency in upstream direction (see also table 5.19) a starting 

population of 100 % is reduced to 90 % by the first dam, 81 % by the second and ends up with 59 % 

upstream of the fifth dam. Fish that have to spawn upstream of the cascade are affected by the 

cumulated passage efficiency (see Figure 5.59 for different passage efficiencies). Some few individuals 

(which are less specialized) might manage to spawn in the impoundment or adjacent tributaries. 

However, considering the habitat alteration within the impoundment, spawning grounds might be 

scarce.  

 

Figure 5.59. Cumulative passage efficiencies for five dams assuming individual passage efficiencies of 
10-90 %. 
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Table 5.19. Scheme for cumulative upstream migration efficiency. 

 

 

Passage 
efficiency of 

90 % 

Passage 
efficiency of 

50 % 
Length of section 

59 % 3 % 431 km 

  Pak Beng Dam   

66 % 6 % 137  km 

  Luang Prabang Dam   

73 % 13 % 128  km 

  Xayaburi Dam   

81 % 25 % 117  km 

  Pak Lay Dam   

90 % 50 % 75  km 

  Sanakham Dam   

START: 100 % of all upstream migrating fish 

 

Nevertheless, spawning of migratory species in and upstream of the cascade is again assumed only to 

take place in scenarios with fish pass. For these cases, the adult fish and their offspring migrate 

downstream after spawning. Hereby, mortality has to be assessed for two different age classes:  

- adults returning after spawning (see chapter 5.5.1.4) and 

- eggs and larvae passively transported by flow (see chapter 5.5.1.3). 

5.5.1.3 Downstream migrating eggs and larvae  

Very little is known concerning downstream migration of adults and larvae. A recent study by Hortle 

et al. (2015) assessed larval and juvenile fish drift up- and downstream of Xayaburi (i.e. within the 

planned cascade) between May and August and showed that ten species made up about 95 % of all 

sampled larvae (Hortle et al. 2015). 

Another study by Cowx et al. (2015) observed higher diversities around Luang Prabang between 

February and May. Although reproduction periods were assumed to be highly linked to rising water 

levels, Cowx et al. (2015) suggests that spawning and larvae drift occurs throughout the year, including 

the dry season. 

Impacts of impoundments on drifting larvae in large tropical rivers are largely unexplored but the few 

studies available raise the problem of ecological traps (Pelicice & Agostinho, 2008). The impoundment 

can alter the local conditions and make spawning sites unsuitable. Furthermore, it can act as a sink for 

passively downstream drifting eggs and larvae. If they, nevertheless, manage to reach the dam, turbine 

and spillway passage may cause injuries or death (Cowx et al. 2015). These impacts can offset 

recruitment and jeopardize the entire populations. 

To assess this impact, the mean flow velocity was extracted for all cross sections and representatively 

one day per month. The following figure shows, that the flow velocities in the impoundment highly 

depend on the respective flow conditions, with very low flow velocities during March and higher 

velocities during August. The results shows clearly, that in March the minimum flow velocity for passive 

transport falls below critical level (< 0.2 m/s) for several kilometres per impoundment. Under these 

conditions, it is very likely that the drift of ichthyoplankton is interrupted. 
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Figure 5.60. Comparison of the mean flow velocity in March (left) and August (right) in the cascade (red 
sections indicate flow velocities of <0.2 m/s). 

The data were assessed for each month and cascade and the respective distances, where the flow 

velocity drops below 0.2 m/s are provided in figure 5.61. The data show, that passive downstream 

drift is only supported for four months during the wet season. A blocked larvae drift at the onset of 

the wet season can diminish the reproduction success and cause long-term stock declines. This 

negative impat cannot be mitigated without changing the overall characteristics of the impoundment 

(height of dam). 
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Figure 5.61. Reservoir length (km) with flow velocities <0.2 m/s per month and dam. 

However, as the flow velocities within this “window” are still lower compared to historic conditions, 

drift delays might occur which can be assessed by calculating the time for passively drifting through 

each impoundment under impounded conditions in comparison to natural conditions (i.e. historic). 

The results are shown in figure 5.62 and table 5.20 and indicate that the overall delay for the entire 

cascade sums up to 3-5 days (depending on the month of drift). While delays of several weeks and 

months could cause a delayed arrival at feeding grounds and reduced time for feeding, a delay of up 

to 5 days is assumed to have no or only a minor impact on the growth and fitness of the young-of-

the-year drifting from July to October.  

 

Figure 5.62. Duration (h) to pass impoundments in drift window (i.e. flow velocities >0.2 m/s). 
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Table 5.20. Comparison of duration to pass cascade and total delay per month. 

Drift-delay in hours per impoundment 

 July August September October 

Pak Beng 16.28 12.64 13.78 17.76 

Luang Prabang 22.33 14.77 17.84 28.68 

Xayaburi 23.66 17.14 21.15 32.73 

Pak Lay 13.50 9.10 11.78 19.98 

Sanakham 13.07 8.41 10.94 19.91 

total delay (days) 3.70 2.59 3.15 4.96 

 

5.5.1.4 Downstream migrating adults 

Downstream migrating adults swim downstream actively and may pass the dam by one of the following 

corridors. Fish can either pass the dam by the downstream migration facility (i.e. chute), the turbine 

or, if spillflow is released, over the spill gates. If the ship lock is in operation, individual fish might be 

able to pass through the lock, but as the ship lock is not operating continuously, the proportion of fish 

passing trought the lock is assumed to be negligible. 

Halls & Kshatriya (2009) identified 58 highly migratory species threatened by Mekong mainstream 

dams which contribute 38.5 % to the total weight of all recorded species in the catch surveys (see 

Annex E, Table E1). On the basis of passage success and mortality rates of 10 selected species, they 

modelled the cumulative barrier and passage effect for migratory species at the LMB with a detailed 

projection matrix. The assessment, however, neglected the aspect of passive downstream drift of 

larvae, which is very important for fulfilling the life cycles and sustaining the populations (see chapter 

5.5.1.3) 

Table 5.21. Summary and characteristics of species considered in the impact assessment.  

Species 
Max 

length 
(cm) 

Size 
class 

Guild 

Turbine 
mort. (Halls 
& Kshatriya 

2009) 

 
Cumulative 

mortality for 

5 dams 

Henicorhynchus 
siamensis & lobatus 20 small 3 2-15 12-62 

Gyrinocheilus pennockii 28 small 2 2-15 12-62 

Paralaubuca typus 20.5 small 3 2-15 12-62 

Hypsibarbus malcolmi 50 large 2 35 92.5 

Cosmochilus harmandi 100 large 3 70 99.9 

Pangasius conchophilus 120 large 2 80 99.9 

Pangasius macronema 40 medium 2 30 88.2 
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Table 5.22. Scheme for cumulative downstream passage efficiency for different mortality rates. 

 

Mortality of 2 % Mortality of 70 % Length of section 

START: 100 % of all upstream migrating fish 

  Pak Beng Dam   

98 % 30 % 137  km 

  Luang Prabang Dam   

96 % 9 % 128  km 

  Xayaburi Dam   

94 % 2,7 % 117  km 

  Pak Lay Dam   

92 % 0.81 % 75  km 

  Sanakham Dam   

90 % 0.24 %  

 

Halls & Kshatriya (2009) assessed the minimum mitigation targets to maintain viable populations 

assuming that all migratory species have their spawning habitats upstream of the cascade and their 

feeding/ nursing habitats downstream of the cascade. This means that adults have to successfully pass 

the cascade of five dams in upstream direction and adults and larvae have to return in sufficient 

numbers downstream of the cascade to sustain the population on the long run.  

Adults of small species are considered to show low mortality rates (i.e. 2-15 % for turbines and 5 % for 

spillway passage) during downstream migration. For those small species, upstream passage success 

rates of 88-96 % are required (for 3 dams) to maintain viable populations (Halls & Kshatriya, 2009). 

Adults of large species, hovever, may show high mortality rates through turbines (see Table 5.23) and 

the maintenance of viable populations might even be problematic for a 100 % upstream migration 

success rate (which is not the case, see chapter 5.5.1.2). According to Halls & Kshatriya, these species 

would only sustain if they could be successfully redirected from harmful passage routes (e.g. turbines 

and spillway). However, the rake at Xayaburi (10 cm bar distance) is only suitable to prevent fish larger 

than 100 cm from entering the turbines while smaller species and individuals will be entrained into the 

turbines. Althoug the two largest species assessed here, Consmochilus harmandi and Pangasius 

conchophilus, grow up to 100 or 120 cm in length, a large proportion of migrating individuals will be 

smaller than 100 cm and can, therefore, pass the turbines. Due to the high mortality rates, they will 

dramatically decrease in density over the next years or decades and might finally become extinct (at 

least within the cascade). The density of giant catfish (Pangasius gigas) is already very low in the entire 

Mekong catchment, thus, extinction of this species within and upstream of the cascade is very likely.  
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5.5.2 River channel habitats 

A detailed assessment of the individual indicators related to river channel habitats were already 

discussed in other chapters. Only some few indicatos, which were not already covered in those 

chapters, will be added here. However, the biomass assessment incorporates most of the previously 

discussed indicators to assess the overall biomass changes. Therefore, a more detailed interpretation 

of changes related to each topic can be found in chapter 5.5.3. 

5.5.2.1 Hydrology 

As already shown in chapter 5.2.1.2, the seasonality and distribution of seasonal flows is not impacted 

by the cascade. Therefore, negative impacts on aquatic organisms are not expected with regard to this 

pressure indicator. However, as already discussed in chapter 5.2.1.3., sub-daily flow fluctuations 

related to peaking operation will clearly affect aquatic organisms.  

5.5.2.1.1 Peaking effects within the cascade (zone 1) 

The dewatered area for each impoundment and scenario were already shown in chapter 5.2.1.3 and 

provide a rough estimation of potential effects on aquatic organisms and clearly demonstrate 

differences between the scenarios.  

In scenario 1.2.A and 1.2.B the dewatered area is caused by the flushing events, which occur only over 

a short time span and not on a daily basis. Especially, if these flushing events coincide with natural high 

flow events (e.g. at the onset or during the wet season) less impact is expected. It is assumed that the 

related losses caused by stranding can be compensated within the populations and show no long-term 

effect.  

Especially in scenario 1.3.0, high losses are expected with regard to catastrophic drift of fish (juveniles 

and ichthyoplankton) as well as benthic invertebrates. With juvenile age classes and larvae seeking 

shelter at shoreline areas, especially during the peak, it was clearly shown that there is a high risk of 

stranding due to too fast downramping (i.e. faster than 5 cm/hour). While the negative impact is 

already slightly reduced in scenarios 1.3.A to 1.3.C a clear improvement is visible in scenario 1.3.D, 

which includes the ramping restrictions. As already discussed, the detected events in the Pak Beng 

and Xayaburi reservoir stem from the dry season environmental drawdown at Pak Beng and the flood 

protection drawdown at Xayaburi, which was modelled without complying to the defined thresholds. 

Also in reality, these event would (and should) occur much slower and would therefore cause no or 

only minor environmental problems. With regard to scenario 1.3.E, it is interesting to observe that this 

scenario is similar to 1.3.C for all impoundments but Sanakham. With Sanakham itself restricted by the 

5 cm/hour threshold but still receiving peaks from upstream dams, the dewatered area is higher 

compared to scenario 1.3.C. 
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Figure 5.63. Summed dewatered area in ha/hour for zone 1 (note: the dewatered area in scenario 1.3.D 
is caused by dry season drawdown at Pak Beng and flood protection at Luang Prabang and can be 
considered as not relevant). 

Consequently, it can be said that ramping limitations represent a suitable measure for mitigating 

negative effects caused by peaking operations. The options of using the lowermost dam as a re-

regulation weir can offset negative impacts downstream of the cascade, but can possibly cause a slight 

increase of negative impacts within the cascade.  

5.5.2.1.2 Peaking effect downstream of the cascade (zone 2 and 3) 

It was clearly shown in chapter 5.2.1.2 that the peaking wave is equalized in downstream direction. In 

the dry season, significant downramping occurs until Vientiane (~200 km downstream) while the 

waves are levelled out at a shorter distance at intermediate water levels (e.g. at the onset of the wet 

season in June). Still, the observed amplitude exceeds 10 cm per day – even downstream of Vientiane. 

During high flows, when peaking is not required, the same flow conditions as for run-of-river 

operations can be expected.  

Downstream of Paksane (in zone 3) no negative impacts are expected with regard to peaking 

operations. Indirect effects, due to morphological changes related to the peaking event may however, 

occur. Although scenarios 1.3.D and 1.3.E were not modelled in detail in this zone, it is assumed that 

ramping rates eliminate any negative impacts in this zone. 

5.5.2.2 Morphology 

The most important morphological indicators were already described in chapters 5.3.3 to 5.3.6. The 

most important aspects for aquatic organisms and used for the assessment of biomass changes are, 

however, reconsidered and discussed here. 

5.5.2.2.1 Morphological alterations in zone 1  

Both sedimentation and erosion processes occur within the impoundments, however, deposition 

occurs at higher extent in each impoundment, with most material trapped in the upper half of the 

reservoir and finer material deposited further downstream. 

The sedimentation can also promote the filling-up of deep pools, with pools in the Pak Beng 

impoundment expected to fill more quickly due to the higher sediment load entering this reach 

compared to downstream impoundments. Not all pools within the cascade will be degraded since 
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erosion processes dominate in the upper section of each impoundment. However, even without filling 

of pools the habitat characteristics of the pools will change in relation to water depth, riverbed 

sediments and flow veleocity. 

Also for other aquatic organisms, as e.g. benthic invertebrate, the deposition of fine sediments, which 

cover coarser material, can cause a dramatic loss in suitable habitats and may consequently also impact 

fish and other animals feeding on benthic invertebrates. 

For the flushing scenarios (1.2), at least some of the deposited sediments can be transported 

downstream, although not all grain sizes are transported with equal proportion and especially coarse 

substrate remains trapped in the impoundments. The flushing event itself causes a total reallocation 

of sediments within the impoundment and causes habitat destruction, which goes hand in hand with 

the loss of food sources for fish and other aquatic organisms. Furthermore, the flushing itself can cause 

a catastrophic drift of fish and benthic invertebrates which seek to escape those unlivable conditions. 

Consequently, the flushing itself does not improve but rather deteriorate habitat conditions within the 

cascade (zone 1). 

Although the water surface area increases from BDP 2030 to Scenario 1.1.0, an increase in fish biomass 

related to the area and volume increase of the water body seems very unlikely, as potential positive 

effects are offset by other impacts related to the cascade. The increase in water depth causes the 

inundation of most rapids currently existing within the cascade (except some rapids located close to 

the dams). As many species highly depend on these rapids as spawning and feeding habitats, a loss of 

fish diversity and biomass is very likely.  

Within the different cascade scenarios, no significant changes are expected. The negative impacts 

related to higher water depths (e.g. inundation of rapids) cannot be mitigated without changing the 

general layout of the hydropower plant and their operation.  

5.5.2.2.2 Morphological alterations in zone 2 and 3 

In zone 2, erosion dominates the first 100 km downstream of the cascade but decreases further 

downstream. As already mentioned in scenario 5.3.3 this erosional wave is likely to migrate 

downstream in the long run. The related changes in substrate composition will also alter the diversity 

and biomass of benthic invertebrates, serving as a food source for fish. However, fish might be also 

impacted by direct habitat alteration and loss of sand bar habitats and instream structures. Sand bars 

are important habitats for juvenile fish and their reduction or elimination would result in significant 

fish stock declines.  

The model runs indicate that deep pools in zone 2 will be maintained. However, erosion processes can 

alter the conditions within the deep pools and cause a qualitative degradation of related habitats. At 

the long run river bed incision is expected to occur with the risk of decoupling the floodplains from the 

mainstem river. Incised river bed would result in less frequent flooding and reduced inundated area.  

As a consequence, the fish production in the floodplains would decline. The same effects are expected 

in zone 3, but at a later stage and a smaller extent. Rapids in zone 2 are assumed to remain or even 

increase.  

Zone 2 and 3 will experience benefits from the flushing events. Although the flushing event itself is 

also associated with risks (e.g. high turbidity, deposition of large amount of material) it will also show 
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positive effects on the river morphology. Nevertheless, it was shown that flushing cannot completely 

mitigate negative effects caused by the impoundment and, especially, negative impacts already caused 

by the Chinese and tributary dams. Although large proportions of silt and clay might be transported 

through the cascade, a decrease of attached nutrients in zones 2 and 3 and especially further 

downstream in the delta and Tonle Sap system has to be examined critically. 

5.5.2.3 Water quality 

With regard to increased water clarity and nutrient input (due to agriculture, aquaculture and 

industry), algae blooms and macrophyte development during the dry season are more likely to occur. 

However, as during the wet season the flow velocity is increased again, algal and macrophyte 

development might be cease perioidically. Ultimately, during reservoir flushing biomass of algae is 

more or less eliminated and macrophytes fushed out. Furthermore, water temperature changes might 

occur, especially in the dry season with sizeable increases in residence time in the impoundments. 

Species sensitive to temperature increases may suffer from this impact. 

As silt and clay was shown to pass through the cascade, a decrease in nutrient transport is unlikely, 

which is especially relevant for downstream floodplain habitats. However, the results have to be 

examined critically since already a minor decrease might be related to production losses, which might 

be even more dramatic downstream of zone 3. 

Sediment concentrations during flushing operations are assumed not to exceed values of historic 

(natural) events and will only occur for a short period (chapter 5.3). Consequently, only marginal 

impacts on aquatic organisms are expected downstream of the cascade (in zone 2). 

There is a risk of localised stratification in the impoundments, but monitoring is required to clarify the 

related impacts. Due to the inundation of organic material within the impoundment, there is a risk of 

oxygen depletion due to decomposiont of organic material. Furthermore, algae blooms can drastically 

influence the oxygen-cycle within the impoundments. 

Although most of the above discussed impacts were only assessed in a qualitative way, it is most likely 

that the water quality within the impoundment (zone 1) and also downstream of the impoundment 

(zone 2) will be degraded to some degree, compared to conditions without the cascade. However, the 

individual cascade scenarios will not significantly differ with regard to water quality indicators, except 

for scenarios 1.2 including flushing events (see also chapter 5.4). 

5.5.3 Estimated fish biomass trends 

The fish biomass trends of each guild were estimated with regard to the different scenarios and impact 

zones. This was done by groups of indicators, as already described in chapter 3.6.3. The mean values 

served as starting values for scenario 1.1.0 and are presented in table 5.23. 

Table 5.23. Estimated biomass values for Scenario 1.1.0 (serving as baseline for other scenarios) in 
kt/yr. 

 Zone 1 Zone 2 Zone 3 

Migr. L 0.0* 0.0* 40.9 

Migr. S 0.0* 0.0* 81.7 

Floodplain 7.2 21.3 303.2 

Generalists 22.7 26.8 107.8 
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 Zone 1 Zone 2 Zone 3 

Others 4.3 7.2 48.3 

OAAs 19.6 26.6 162.3 

sum total 53.9 81.9 744.3 

*ratings (i.e. biomass increase/decrease) cannot be applied to a starting value of 0. Specific rules were defined (see text) 

The effect of impacts and mitigation measures of each scenario and each indicator groups is compared 

to scenario 1.1.0, which serves as reference condition without any mitigation. As already described in 

chapter 3.6.3, the assessment has been undertaken by application of ratings from +3 to -3 (see table 

5.24). 

Table 5.24.  Ratings for the assessment of impacts and mitigation measures. 

Rating 

Estimated effect on fish Estimated biomass 
change (% change) 

3 High increase +66 - +100 

2 Medium increase +33 - +66 

1 Low increase >0 - +33 

0 No change +/- 0 

-1 Low decrease <0 - -33 

-2 Medium decrease -33 - -66 

-3 High decrease -66 - -100 

- No effect - 

 

To combine the individual ratings to an overall status (i.e. combining the ratings of all five indicator 

groups) the following rules were applied: 

- Significant impacts overrule positive effects 

- Long-term effects overrule short-term effects 

- For impacts, the worst impact overrules other impacts 

- For improvements: low increases overrule medium increases and if some impacts are not 

changed (i.e. 0) the best possible outcome is a low increase (1). 

- In zone 3, the assessment is limited to connectivity indicators and migratory species, since all 

other indicator groups and related impacts seem not to reach zone 3 (within years to decades), 

which is why also no positive effect from mitigation can be expected. 

 

Table 5.25 shows the estimated effects of the mitigation measures on the fish biomass trends. The 

results show that within all scenarios low or medium change of the biomass is expected, while high 

increases or decreases are unlikely. This is associated with the fact that the cascade itself causes the 

main alteration for the fish community and biomass and, hence, all mitigation measures are confined 

in their efficiency by overall cascade effect. Overall, the same amount of positive and negative effects 

can be seen within the scenarios. The reason for that is that positive mitigation effects on one 

ecosystem component are counteracted by negative effects on other ecosystem components. For 

example, the flushing of the reservoir is beneficial for zone 2  in terms of sediment transport, but 

detrimental due to flushing of the reservoirs. In general, fish passes always produce an improvement 

but their effect is counteracted by flushing or hydropeaking impacts in scenarios 1.2.C/D and 1.3.C. 

Due to the high mortality of large migratory species and the pending question on the functionality of 

passive drifte as well the efficiency of the fish pass, it is assumed that large migratory species will 

become extinct in zones 1 and 2, irrespective of the fact that a fish pass is in place in some scenarios. 
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Table 5.25. Estimated effects of mitigation measures on fish biomass trends for each scenario and guild 

compared to scenario 1.1.0. and for all impact zones. 

 
Note: due to the unknown functionality of the fish pass, the rating of +2 for small migratory species in scenarios with a fish 
pass was transferred into an increase of 0-66 % (instead of 34-66 %) causing a higher range within the results. 

 

As already described in chapter, the impact ratings of table 5.25 are not directly transposed to the 

biomass, but by considering adaptation factors rangings from 0.17 to 0.50, depending on the impact 

zone and group of guilds (see table 5.26). Special conditions apply to large and small migratory species 

(see below). 

Table 5.26. Assumptions for transferring the Mekong mainstream impacts to the biomass of the 
entire zone for individual groups of fish guilds. 

  Migratory species Floodplain species 
Generalists/others 

species 

  zone 1 zone 2 zone 3 zone 1 zone 2 zone 3 zone 1 zone 2 zone 3 

Factor for transferring the 
impacts of the Mekong 
mainstream to the entire 
impact zone  

(see 
text) 

(see 
text) 

0.5 0.5 0.33 0.17 0.5 0.5 0.3 

 

Since large and small migratory species start with a biomass of zero (consequence of interrupted 

continuum), relative biomass changes as used for the classification in table 5.24 cannot be applied. 

Overall status improvements (i.e. for zones 1 & 2) are only expected in scenario 1.1.B and 1.3.D and 

only for small migratory species. Here, the BDP 2030 scenario was used as starting value and the 

following procedure was applied: 

- Small migratory species: Assuming a 100 % decrease to scenario 1.1.0 and a 0-33 % increase 

to scenario 1.1.B, the values were added up (i.e. -100+33 = -66) before applying them to the 

BDP 2030 scenario data. 

- Large migratory species: Despite the presence of a fish pass, it is assumed that the high 

mortality through turbines and the interrupted larval drift will cause high losses and 

population declines. It might be the case that a few individuals sporadically re-enter the 

cascade via the upstream fish pass. However, due to the high mortality in downstream 

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

Migr. L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Migr. S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Floodplain - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Generalists - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Others - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Migr. L - - - - - - 0 0 0 0 0 0 0 0 0 0 0 0 -2 -1 0 -2 -1 0 -2 -1 0 -2 -1 0 0 0 0 -2 0 0

Migr. S - - - - - - 0 0 0 0 0 0 0 0 0 0 0 0 -2 -1 0 -2 -1 0 -2 -1 0 -2 -1 0 0 0 0 -2 0 0

Floodplain - - - - - - 0 0 0 0 0 0 0 0 0 0 0 0 -2 -1 0 -2 -1 0 -2 -1 0 -2 -1 0 0 0 0 -2 0 0

Generalists - - - - - - 0 0 0 0 0 0 0 0 0 0 0 0 -2 -1 0 -2 -1 0 -2 -1 0 -2 -1 0 0 0 0 -2 0 0

Others - - - - - - 0 0 0 0 0 0 0 0 0 0 0 0 -2 -1 0 -2 -1 0 -2 -1 0 -2 -1 0 0 0 0 -2 0 0

Migr. L 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Migr. S 0 0 0 2 2 2 0 0 0 0 0 0 2 2 2 2 2 2 0 0 0 0 0 0 0 0 0 2 2 2 2 2 2 2 2 2

Floodplain 0 0 - 1 1 - 0 0 - 0 0 - 1 1 - 1 1 - 0 0 - 0 0 - 0 0 - 1 1 - 1 1 - 1 1 -

Generalists 0 0 - 1 1 - 0 0 - 0 0 - 1 1 - 1 1 - 0 0 - 0 0 - 0 0 - 1 1 - 1 1 - 1 1 -

Others 0 0 - 1 1 - 0 0 - 0 0 - 1 1 - 1 1 - 0 0 - 0 0 - 0 0 - 1 1 - 1 1 - 1 1 -

Migr. L 0 0 - 0 0 - -2 1 - -2 1 - -2 1 - -2 1 - -2 -1 - -2 -1 - -2 -1 - -2 -1 - 0 0 - -2 0 -

Migr. S 0 0 - 0 0 - -2 1 - -2 1 - -2 1 - -2 1 - -2 -1 - -2 -1 - -2 -1 - -2 -1 - 0 0 - -2 0 -

Floodplain 0 0 - 0 0 - -2 1 - -2 1 - -2 1 - -2 1 - -2 -1 - -2 -1 - -2 -1 - -2 -1 - 0 0 - -2 0 -

Generalists 0 0 - 0 0 - -2 1 - -2 1 - -2 1 - -2 1 - -2 -1 - -2 -1 - -2 -1 - -2 -1 - 0 0 - -2 0 -

Others 0 0 - 0 0 - -2 1 - -2 1 - -2 1 - -2 1 - -2 -1 - -2 -1 - -2 -1 - -2 -1 - 0 0 - -2 0 -

Migr. L 0 0 - 0 0 - -1 -1 - -1 -1 - -1 -1 - -1 -1 - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 -

Migr. S 0 0 - 0 0 - -1 -1 - -1 -1 - -1 -1 - -1 -1 - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 -

Floodplain 0 0 - 0 0 - -1 -1 - -1 -1 - -1 -1 - -1 -1 - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 -

Generalists 0 0 - 0 0 - -1 -1 - -1 -1 - -1 -1 - -1 -1 - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 -

Others 0 0 - 0 0 - -1 -1 - -1 -1 - -1 -1 - -1 -1 - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 - 0 0 -

Migr. L 0 0 0 0 0 0 -2 0 0 -2 0 0 -2 0 0 -2 0 0 -2 -1 0 -2 -1 0 -2 -1 0 -2 -1 0 0 0 0 -2 0 0

Migr. S 0 0 0 1 1 2 -2 1 0 -2 1 0 -2 1 2 -2 1 2 -2 -1 0 -2 -1 0 -2 -1 0 -2 -1 2 1 1 2 -2 1 2

Floodplain 0 0 - 1 1 - -2 1 - -2 1 - -2 1 - -2 1 - -2 -1 - -2 -1 - -2 -1 - -2 -1 - 1 1 - -2 1 -

Generalists 0 0 - 1 1 - -2 1 - -2 1 - -2 1 - -2 1 - -2 -1 - -2 -1 - -2 -1 - -2 -1 - 1 1 - -2 1 -

Others 0 0 - 1 1 - -2 1 - -2 1 - -2 1 - -2 1 - -2 -1 - -2 -1 - -2 -1 - -2 -1 - 1 1 - -2 1 -

Seasonal flow

Sub-daily flow

Connectivity

Habitats 

(Morphology)

Water quality

Overall status

S1.3.C

Run-of-river Sediment flushing

S1.1.A S1.1.B S1.2.A S1.2.B S1.2.C

Peaking

Indicator groups Fish groups
S1.3.D S1.3.ES1.2.D S1.3.0 S1.3.A S1.3.B
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direction (via the turbines) it is assumed that stocks will decline and eventually beome excinct 

in the long run.  

 

Table 5.27. Grouping of scenarios for mitigation assessment. 

Grouped scenarios Type Fish pass Flushing Peaking 
restrictions 

 
estrictions 

Re-regulation 

Scenario 1.1.A  Run-of-river     

Scenario 1.1.B  Run-of-river x    

Scenario 1.2.A and 
1.2.B  

Run-of-river  x   

Scenario 1.2.C and 
1.2.D 

Run-of-river x x   

Scenario 1.3.0 to 1.3.B Peaking     

Scenario 1.3.C Peaking x    

Scenario 1.3.D Peaking x  x  

Scenario 1.3.E Peaking x   x 

 

The trends in fish biomass development within the different scenarios are presented for the three 

impact zones and split into the response of the various fish guilds and OAAs. In general, most distinct 

differences among the scenarios can be detected in zone 1 and 2, while the effects in zone 3 are less 

pronounced. Considering all effects (over all three impacts zones) scenarios 1.1.B and 1.3.D are 

expected to be most beneficial (i.e. highest biomass trends). 

5.5.3.1 Estimated fish biomass trends in impact zone 1 

For the run-of-river scenarios, the fish pass has a significant positive effect on the expected fish 

biomass trend, especially in scenarios 1.1.B and 1.3.D. Although scenarios 1.2.C/D and 1.3.C also 

include a fish pass, the positive effects is diminished by impacts related to flushing and peaking. 

Compared to run-of-river scenarios, the flushing (1.2) and peaking (1.3) senarios cause additional 

stress on aquatic organisms, which is why lower biomasses are expected. An exception is 1.3.D, where 

peaking is limited to environmentally acceptable ramping rates. Here, the biomass is comparable to 

scenario 1.1.B (without hydropeaking). 

 

Figure 5.64. Estimated fish biomass trends in impact zone 1 for combined scenarios. 
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5.5.3.2 Estimated fish biomass trendsin impact zone 2 

In zone 2, the positive effect of the fish pass is clearly visible for all scnearios equipped with a fish pass 

as the effect of continuity restoration is less counteracted by other pressures. Although scenarios 

1.2.C/D are equipped with a fish pass they receive the same overall rating as Scenarios 1.2.A/B due to 

the overriding positive effect of the sediment transport to zone 2.Hydropeaking result in the worst 

situation among analysed scenarios, but can be mitigated by environmentally acceptable ramping 

rates. Unlike the situation in zone 1, using Sanakham as re-regulation dam results here in increased 

biomasses, comparable with the situation without hydropeaking.  

 

Figure 5.65. Estimated fish biomass trends in impact zone 2 for combined scenarios. 

5.5.3.3 Estimated fish biomass trends in impact zone 3 

Zone 3 is the least impacted zone, where biomass increases and decreases are comparable low. Here, 

the lowest biomass is expected for the unlimited peaking scenario while the other scenarios are a little 

bit higher. In general, scenarios with a fish pass show the highest biomass values in zone 3. 

 

Figure 5.66. Estimated (short-term) fish biomass trends in impact zone 3 for combined scenarios. 
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5.5.4 Comparison of fisheries values between mitigation scenarios 

The following Figure shows the biomass trends for all scenarios as well as the economic valuation of 

the related fisheries products. The integrated table provides an overview of the included mitigation 

measures as well as the changes compared to Scenario 1.1.0 (in Mil. USD and in %). The scenarios with 

the highest biomass gain (compared to scenario 1.1.0) are scenarios 1.1.B and 1.3.D. Although both 

scenarios show a clear increase of biomass, it is cleary visible that the mitigation measures compensate 

a rather small share (compared to BDP 2030). With regard to the economic valuation, it has to be 

highlighted that a rather conservative price of 1.8 USD/kg was applied, while much higher prices were 

stated by So Nam et al. (2015).  
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1
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Type Run-of-river Peaking 

Fish  pass   x  x  x x x 

Sed. flush.    x x     

Peak. limit        x  

Re-reg.         x 
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Mil. 
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0 
to 
16 

0 
to  
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-32 
to 
42 
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to 
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to 
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to 
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to 
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-2 
to 
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-5 
to 
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-5 
to 
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to 
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-2 
to 
6 

Figure 5.67. Grouped scenarios and the related fish biomass and market values (for S1.1.0 only the 
mean value, which served as a baseline for evaluating the other scenarios, is shown). 
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5.5.5 Biodiversity 

A detailed biodiversity assessment of the different scenarios is not possible at this stage, since too little 

in known on the habitat requirements and life cycles of invidicual species. In general it is assumed, that 

all mitigation measures contribute to biodiversity conservation – at least for some species. However, 

as discussed in pervious chapters, large migratory species might become exinct in zones 1 and 2 also 

in scenarios including fish pass solutions. While reservoir flushing is mostly related to negative impacts 

within the cascade, it can show a clear positive effect further downstream and lead to the revitalisation 

of habitats for fish and benthic invertebrates. However, as shown in other chapters, flushing can only 

re-mobilize a small share of the deposited sediments. Therefore, while mitigation measures might be 

able to preserve some species, their efficiency might not be sufficient to sustain sensitive and highly 

specialized specis, which is why a biodiversity decrease seems unavaoidable for all cascade scenarios. 

5.5.6 Lao-Cambodian Floodplain Downstream of Cascade 

The greatest influence on the seasonality of flows is already caused by the Chinese dams. In 

comparison to these changes, it can be said that the cascade has no additional significant negative 

influence on the seasonality of flows in the Lao-Cambodian floodplain.  

Also with regard to river morphology (sediment transport) it was clearly shown, that the highest 

impacts are already caused by Chinese dams. Existing dams together with the Lao-cascade will 

however cause an erosion wave downstream of the cascade, which will lead to river bed degradation. 

Consequently, although flows might stay the same, floodplains might become disconnected from the 

Mekong mainstream. 

With regard to connectivity, it is difficult to assess potential influences on the Lao-Cambodian sections, 

since this would require detailed knowledge on migratory species and population ranges or their 

division in sub-populations. For some species, negative impacts might also occur in the Lao-Cambodian 

floodplain in a way that certain species decrease in abundance and biomass.  
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5.6 Impacts on Power Production and Revenues  
The average annual energy output for each power plant and mitigation scenario obtained from the 

HEC-ResSim/MIKE11 energy modelling is presented in table 5.28.  Full details of energy model outputs 

for all scenarios are presented in Appendix A.  These details comprise duration curves together with 

power, energy, water level and discharge data for the average year (2002), a typical wet year (1991) 

and a typical dry year (1989). 

Table 5.28. Average annual energy generation for all scenarios (GWh/yr). 

  
Pak Beng 

Luang 
Prabang Xayaburi Pak Lay Sanakham SUM 

Scenario 1.1.0 5,371 6,114 7,700 4,543 3,586 27,329 

Scenario 1.1.A 5,000 6,129 7,229 4,543 3,557 26,471 

Scenario 1.1.B 4,929 6,057 7,171 4,514 3,529 26,200 

Scenario 1.2.A 4,786 5,829 7,400 4,343 3,386 25,743 

Scenario 1.2.B 4,757 5,843 7,371 4,300 3,386 25,671 

Scenario 1.2.C 4,747 5,757 7,325 4,301 3,349 25,478 

Scenario 1.2.D 4,841 5,807 7,497 4,434 3,381 25,959 

Scenario 1.3.0 5,303 6,080 7,685 4,524 3,507 27,100 

Scenario 1.3.A 4,983 6,093 7,143 4,521 3,517 26,258 

Scenario 1.3.B 4,987 6,092 7,203 4,535 3,533 26,351 

Scenario 1.3.C 4,928 6,019 7,122 4,492 3,496 26,056 

Scenario 1.3.D 4,905 5,976 7,022 4,384 3,331 25,617 

Scenario 1.3.E 4,928 6,019 7,122 4,492 3,482 26,049 
 

The energy output figures in table 5.28 has been converted to average annual revenue using the 

assumed tariff rates in table 3.3, in chapter 3.2.1.  The results are listed in table 5.29. 

Table 5.29. Average Annual Revenue (USD M). 

  
Pak Beng 

Luang 
Prabang Xayaburi Pak Lay Sanakham SUM 

Scenario 1.1. 0 376 428 539 318 251 1913 

Scenario 1.1. A 350 429 506 318 249 1853 

Scenario 1.1. B 345 424 502 316 247 1834 

Scenario 1.2.A 335 408 518 304 237 1802 

Scenario 1.2.B 333 409 516 301 237 1797 

Scenario 1.2.C 332 403 513 301 234 1783 

Scenario 1.2.D 339 406 525 310 237 1817 

Scenario 1.3. 0 383 443 552 325 252 1955 

Scenario 1.3. A 353 441 512 325 253 1884 

Scenario 1.3. B 353 437 514 323 252 1879 

Scenario 1.3. C 349 432 508 320 250 1859 

Scenario 1.3. D 343 418 491 307 233 1792 

Scenario 1.3. E 349 432 508 321 243 1853 
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5.6.1 Discussions on Hydropeaking 

Concerning the additional revenue from hydropeaking, the two tables illustrates the following: With 

scenarios 1.1.0 and 1.3.0 we can compare unmitigated Run-of-the-River (RoR) with unmitigated 

hydropeaking. The table shows that hydro peaking reduces the generated energy by 1% but increases 

the income to developers by 2%. Furthermore, if we compare Scenarios 1.1.B and 1.3.E, i.e. comparing 

mitigated RoR with mitigated peaking, we see that peaking still reduces the overall generation by 1%, 

while peaking increases the revenue by only 1%. In scenario 1.3.E a number of mitigation measures 

have been implemented, but ramping rates only at Sanakham. The evaluation is that such a scenario 

is relative harsh on the Cascade reach, although re-regulated further downstream by Sanakham. In 

the light of this, one can question whether a (only) 1% increase of the revenue justifies the 

environmental - and to some degree social - stress by peaking, thus possibly 1.3.D should be 

considered instead.  

The finding that peaking operation gives a rather modest increase of revenue to dams owners, reflects 

the fact that the two tariffs do not differ very much (5 resp. to 8 USc/kWh). It is tempting to say that a 

larger difference could have increased the gain from peaking, but then there is a need to ask what 

would have been the “flat” tariff in a RoR operation case. For modelling this question was answered 

by making some plausible assumptions, but in the real world this hypothetical question cannot be 

answered. Consequently, there is a significant uncertainty associated with assessing the benefit of 

peaking operation compared to RoR. 

While difference between peak and off-peak tariffs is not large, it could also be argued that the word 

“peaking” is in fact not very descriptive of the tariff system that has been applied in the Case Study. 

The term peaking is normally used about a regime with a few hours, typically one or two periods per 

day, namely when the load indeed peaks. In such cases, the tariffs would reflect this by being much 

larger than the off-peak tariffs. On this background, it could be argued that the peaking regime 

considered is a rather “gentle” form of peaking. Nevertheless, on has to ask whether the modest 

increase of revenue justifies the stress from a sudden flow change twice a day at four of the five dams 

(in Scenario 1.3.E). 

5.6.2 Economic Cost of Mitigation Options 

The commercial impact of each mitigation measure can be calculated by evaluating the difference in 

generation and revenue between the scenarios. In order to gain an understanding of the relative 

magnitudes of the average annual energy and revenue impact of each mitigation measure the 

difference between selected scenarios is presented in table 5.30.  

Table 5.30. Energy and revenue impact of each mitigation type. 

 Energy loss 
GWh/year 

Revenue 
change 
MUSD/year 

% change of 
total revenue 

Comment 

Flood draw down Xayaburi and 
lower dry-season water level at 
Pak Beng 
(Scenario 1.1.0 - 1.1.A) 

857 -60   -3.2 30% of loss at 
Xayaburi and 
70% of loss at 
Pak Beng 

Fish passage 
(Scenario 1.1.A - 1.1.B) 

271 -19 -1.0  

Annual sediment flushing 
(Scenario 1.1.B – 1.2.C) 

722 -51 -2.8  

Peaking 
(Scenario 1.1.B - 1.3.C) 

144 +25 +1.4  
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 Energy loss 
GWh/year 

Revenue 
change 
MUSD/year 

% change of 
total revenue 

Comment 

Peaking with ramping limit of 5 
cm/hr at Sanakham 
(Scenario 1.3.C – 1.3.E) 

7 -6 -0.3  

 

From the results in table 5.29 it may appear that the requirement for flood draw down at Xayaburi and 

lower dry season levels at Pak Beng is introducing an annual energy loss on the cascade of 

approximately 857 GWh/yr representing a reduction in cascade revenue of 3.2%.  This loss is almost 

entirely occurring at Pak Beng and Xayaburi and will require additional generation elsewhere on the 

Thai power system, most probably from thermal plant that will release approximately 0.8 M tonnes of 

CO2 equivalent into the atmosphere per year per GWh.   

The introduction of the sediment flushing and sluicing programme in Scenario group 1.2 will introduce 

an additional energy loss of 722 GWh/yr.  This loss may be additional to the draw down losses at Pak 

Beng and Xayaburi bringing the overall revenue loss to approximately 6%.  This is substantial and 

would need to be offset by an upward tariff adjustment, when the PPA is negotiated. 

The provision of a fish passage system on each project with a similar design to that adopted at Xayaburi 

introduces an energy and revenue loss of approximately 1% per year.  It is possible that this figure can 

be further reduced by optimisation of the pumping station and auxiliary turbine systems.  Continued 

monitoring of fish migration patterns through completed projects should lead to a better 

understanding of attraction flow requirements and the ability to adjust flow rates to suit migration 

patterns at particular times of year. 

The introduction of limited peaking at each project causes a minor energy loss as would be expected, 

but provides a useful revenue gain of approximately 1.5% (1.1.B versus 1.3.D).  This would more than 

offset the revenue loss due to fish passage discharges.  The introduction of tailwater limitations at 

Sanakham makes very little difference to the overall revenue gain from daily peaking. 
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5.7 Combined Evaluation of Mitigation Measures  
Details of the impacts of the various mitigation measures on each indicator/measure is given in Annex 

F. The following is a summary of the latter and the assessment of the previous sub-chapters of Chapter 

5. Furthermore, the methodology for the combines scoring and evaluation has been given in Chapter 

3.1.1, including the selection of the most promising indicators for the multicriteria assessment 

With regard to hydrology and flows there is minor differences between the scenarios on seasonal and 

intra-seasonal changes to flow as the cascade has minor impact on this anyway. With regard to sub-

daily changes to flow this becomes prominent in the peaking scenarios. This scores -2 across the 

scenarios for Zone 1 with regard to the indicator on hourly dewatered area, while in Scenario 1.3.D 

(ramping rate limitation on all dams) this is mitigated for and scoring is set to zero.  

Related to sediments and geomorphology scenarios 1.1 (Run-of-River) and 1.3 (Peaking) have minor 

impacts (see also section 5.4). All scenarios in 1.2 have a positive effect in the cascade zone and the 

zone from Sanakham to Paksan for most of the indicators with a uniform score of +1. 

When considering fisheries and aquatic ecology solely scenario 1.1.B and 1.3.D are the most promising 

for impact zone 1, whilst for zone 2, scenario 1.2.C and D also indicates benefits for the aquatic habitats 

due to replenishmnent of sediments via flushing. 

Related to hydropower production all scenarios with its associated mitigation measures shows a 

negative impact on the energy revenues compared to scenario 1.1.0, except 1.3.0 (peaking with no 

mitigation) which has a positive score of 1. The most negative effects are within the 1.2A to D scenarios 

(flushing) (see also section 5.2), all with a ranking score of -2. Scenario 1.3.D with restrictions on 

ramping rate for all dams also gets a negative score of -2. 

Overall when the environmental mitigation for the cascade is considered jointly, the following findings 

are relevant: 

 Draw down of the Xayabury operating level during floods was found to be only marginally 

beneficial in reducing flood level at Luang Prabang, with the models used.  Further work is 

needed to optimise this rule to maintain operational flexibility and to ensure no effect on flood 

levels at Luang Prabang; (Scenario 1.1B) 

 Water level draw down at Pak Beng as proposed by CNR (2009) allows for reduced dry season 

flooding of areas upstream on the Thailand border area.  Again, this operation and the benefits 

need to be re-assesses.  (Scenario 1.1B) 

 The analysis found that the drawdown approach at the above two structures reduced revenue 

from the two schemes (Pak Beng and Xayaburi) by an average of 3.2% per year ($60m). 

 The installation of advanced fish passage facilities for upstream and down stream migration 

was beneficial.  However, certain larger migratory species would be significantly affected and 

potentially be driven to extinction.  Even with mitigation a 60% reduction in biomass within 

the cascade reach could be expected.  Residual loss in biomass and biodiversity are also 

expected, even with the mitigation, in the reaches downstream. (Scenario 1.1B).  Fish passage 

operations were estimated to reduce annual revenues by approximately 1% per year ($19m). 

 The cascade will trap approximately 14 MT of the 20 MT entering the impoundment, with only 

silt and clay readily transmitted through  cascade as part of normal operations.  Coordinated 

sediment flushing of each cascade dam over a period of about 60 days was found to mobilise 
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fine sand from the impoundments and increased sediment discharge by up to ~2 MT/yr.  

Flushing operations initiated in August produced the highest sediment discharge due to the 

higher sediment concentrations entering the impoundments and being maintained in 

suspension during the flushing events.      Only minimal quantities of coarse sands and gravels 

were mobilised by the flushing operations, however, the effectiveness of flushing coarser 

material is likely to increase as sediment deposition within the impoundment progresses closer 

to the dam wall and low level outlets.   These flushing operation reduced revenue in the 

cascade by approximately 2.8% ($51 M/year).   

 Within the downstream reaches (zone 2 and zone 3) flushing of sediments was found to 

benefit the aquatic habitats due to replenishment of sediments (Scenario 1.2.C and D) and the 

associated nutrients.   

 Geomorphological changes both within and downstream of the cascade were shown to occur 

over longer time frames (decades).  A clear “erosion wave”, was observed to move 

downstream of Sanakham at a rate of approximately 20 km per year, affecting Vientiane after 

approximately 8 years.   The ‘wave’ removes available sediment, resulting in a deepening and 

/ or widening of the channel and an increased exposure of bedrock.  The actual rate of channel 

erosion following implementation of the cascade will depend on the quantity of sediment 

available for transport in the channel, and the hydrologic variability (e.g. large floods will 

remove more sediment as compared to dry years).  Within the impoundments, sediment 

deposition created a ‘delta’ that increased in size from the upstream end of the impoundment 

towards the dam wall over time. 

 The introduction of peaking operations, to take advantage of higher daytime tariffs, has 

significant impact on all indicators downstream and within the cascade.  These impacts were 

found to be mitigated by the introduction of ramping restrictions on all dams (Scenario 1.3.D) 

or only Sanakam (Scenario 1.3.E) and the introduction of a minimum flow in the cascade reach 

and downstream.  However, the introduction of these ramping restriction and minimum flow 

almost negated the peaking revenue benefits.  (Net across the cascade of $xm per year).  

Further work is required to optimise and mitigate this operation if peaking operations are 

envisaged. 

 In general scenarios which include a combination of fish passes, minimum flows, provisions of 

flushing/sluicing and for hydropeaking limitations on ramping rates will benefit the widest 

array of indicators as shown in the Figure ES8 overleaf.     
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Figure 5.68. Change in Key Selected Indicators relative to the “no mitigation” Option. 

 

For each indicator in Figure ES8 above the scoring indicate as follows: 

 

+3 = high increase 

+2 = medium increase  

+1 = low increase 

0 = no change 

-1 = low decrease 

-2 = medium decrease 

-3 = high decrease 

 

Most indicators scores in the range of +1 to -1 (low increase to low decrease). The scenarios with the 

lowest energy revenues (flushing and ramping rate restrictions on all dams) scores -2 for this indicator.   

 

Recommended Management Strategy for the Cascade 

Given the results from the combined assessment above the strategies that benefits the widest array 

of themes, issues and users will be those of a combination of all mitigation measures. Peaking with 

limitations on ramping rates will need to be studied further in order to optimize environmental 

benefits and economic impacts. To cater for the revenue loss due to sluicing a central authority for 

dispatching optimal cascade performance should be considered.  Tariff adjustment would need to be 

negotiated within the Power Purchase Agreement after consideration of the ESIA and prior to the 

signing of the concession agreement to cover the required operational changes (see also last section 

in the Executive summary).  

 

When considering the most promising management strategies, optimization of design for the cascade 

projects should be considered.  Allowance should also be made for coordinated operations. This could 
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include, among other options, optimization and flexible designs for pumping stations and auxiliary 

turbines connected to the fish passages as well as a combination of low and high level sluices, 

throughout the cascade, for optimal and coordinated flushing and sluicing. Lastly, further optimization 

for joint operation of the cascade would need to be looked into, and this is also further discussed in 

the last section of this Executive Summary. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



209 
 

6 Findings and Conclusions from 2nd Interim Phase Case Study 

Activities  
This section describes the findings and conclusions from the Case Study activities in in the 2nd Interim 

Phase. These will be followed by additional Case Study activities described in Chapter 7. 

6.1 Basin and Cascade Scale assessment of the results 

6.1.1 Avoidance, Minimisation and Compensation at Basin Scale 

A very comprehensive analysis using the latest and best available data has been implemented. It builds 

on data and analyses undertaken in other recent major studies in the Basin (e.g. Basin Development 

Scenario Assessment (MRC, 2011), Mekong Delta Study (DHI, KDR, 2015) as well as the 1st Interim 

Guidelines and Manual Reports of ISH0306 (MRC, 2015) by also linking the Case Study to Basin Scale 

implications). 

 

The information used in the analysis includes the most recently updated MRC fish and sediment 

monitoring data (for fish; consumption-based yield data and AMCF sampling data as well as related 

studies as e.g. Halls, 2010; Halls & Kshatriya, 2009; Hortle & Bamrungrach, 2015 and; for sediments 

Koehnken, 2015). 

 

The selected analyses, models, data and related input parameters have been, and are continuing to be 

discussed with Member Countries as part of this project.   

 

The impacts and related mitigation approaches for the hydropower cascade must be seen in a basin 

wide context.  The upstream Lancang dams and the tributary dams have substantial impact on the 

hydrological, biological and sediment inputs to the cascade, as previously discussed.  These cannot be 

mitigated by implementing measures in the cascade alone, but must be dealt with either at the 

Lancang and tributary dams themselves OR through use of basin scale offset and management 

approaches.  

 

Hence, integrated hydropower planning at the system scale (basin, catchment) should be the New 

Frontier for the LMB countries (see also Nature Concervancy/IDB, 2013 for discussion on the benefits 

of system scale hydropower planning). Loucks (2003) also neatly links this to maximization of benefits 

by stating – “the interdependence of system components and decisions strongly argues for managing 

them in an integrated holistic and sustainable manner if maximum benefits are to be obtained from 

them”. For this to be realised the Member Countries will need even more integration than at present 

within the cooperation continuum and move from cooperation towards even more joint action as 

portrayed to the right in Figure 6.1. 
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Figure 6.1. A cooperation continuum for transboundary management of water resources as portrayed 
by Sadoff et al. (2008). 
 

Considerations for Joint Action are already vested in the Mekong Agreement (MRC, 1995) and its 

associated initiatives like the Basin Development Plan (MRC, 2011) and the Preliminary Design 

Guidance (MRC, 2009). These serve as a good starting point for further Joint Action. 

 

Joint Action also may include opportunities for joint development and Benefit Sharing as considered 

by recent MRC initiatives (MRC, 2014 and 2015).  The MRC’s comprehensive review of good industry 

practice was undertaken with the MRC Member Countries and provides a supporting framework  to 

guide possible Joint Action.  Joint Action represents the greatest level of coordination and cooperation 

at a Basin Scale and is normally formalized in treaties and strong institutions, where benefit sharing 

arrangements such as joint ownership and management of assets can form the basis (Sadoff et al., 

2008 and Lillehammer et al., 2011). The Lesotho Highlands Water Project (LHWP) with its Treaty 

(LHWC, 1986) is an example of Joint Transboundary Action (Lesotho and South Africa). The LHWP 

Treaty explicitly states how benefits from cooperative development will be shared (royalties from 

water, electricity from HPP, other ancillary benefits etc.). Benefit Sharing can be defined as follows 

(Lillehammer et al., 2011) – “A framework for governments and project proponents to maximize 

benefits across stakeholders, through relevant spatial and temporal scales by use of various 

mechanisms, and consistent with the principles of sustainability”. 

 

Integrated hydropower planning at system/basin scale is envisaged in the MRC’s Strategic Plan 2016-

2020 (MRC 2016) as part of the overall Integrated Water Resources Management approach.  Such an 

approach, at basin level, will cater for the incorporation of sustainable planning within a spatial and 

temporal context allowing for the application of the full mitigation hierarchy, from avoidance through 

minimization, mitigation and compensation/offsets. This approach is particularly relevant where 

biodiversity offsets are planned.  Cumulative impacts from upstream, tributary and instream 

hydropower projects which alter seasonal and diurnal flow and sediment patterns, will affect defined 

critical biodiversity hotspots habitats.  Integrated system planning may reduce these cumulative 

impacts at a basin scale (Nature Conservancy/IDB, 2013) making this approach highly relevant for the 

future hydropower planning of Mekong mainstream and its tributaries. 

 

When mitigating within the spatial context at basin scale, and in line with the mitigation hierarchy, the 

status of the LMB ecosystems will benefit from early avoidance mitigation approaches. Examples might 
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include maintenance of intact river routes and alternative dam designs. The latter has actually been 

studied for Sambor, and is amongst others reported in Wild and Loucks (2015). An illustration of the 

original proposed Sambor Dam and the smaller alternative is shown in Figure 6.2. The latter includes 

a natural sediment and fish bypass channel. 

 

 
Figure 6.2. Map of the original proposed Sambor Dam and the smaller alternative (Source: Wild and 

Loucks, 2015) 

 

6.1.2 Mitigation at Cascade Scale  

The cascade studied in Lao PDR includes major dams and, without mitigation, these will pose significant 

additional environmental impacts on the basin. However, the mitigation methods documented in the 

Guidelines (MRC, 2015) have been applied to seek to mitigate the impacts and risks imposed by the 

Lao mainstream cascade. These applications generally enhance and “operationalise” the approach 

taken at the Xayaburi project which are based on recommendations in the PDG (MRC, 2009). 

 

The extensive and detailed assessment carried out in this study concludes that: 

 The mitigation options tested reduce the downstream impacts compared to “no mitigation” 

scenario to varying degrees; 
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 The investment in the cost of construction and operation of the mitigation solutions is well 

justified by the reduced loss in economic value and benefits from reduced environmental 

impacts in the cascade reach and further downstream; 

 There remains a number of basin scale impacts from the Lao mainstream cascade that cannot 

be fully mitigated (for example transport of coarser sediments). 

 

In addition, as can be expected, with these large-scale and pioneering application of mitigation 

approaches, there are a number of uncertainties with regard to the effectiveness of some mitigation 

measures (specifically the upstream and downstream fish passage).   

 

The application of these mitigation approaches needs to be intensively and jointly monitored by MRC 

member countries at Xayabury (currently under construction) to assess the effectiveness of mitigation 

and to build important knowledge that may be applied in the design and operation of potential future 

dams in the mainstream and tributaries of the Mekong.    

 

In addition, residual impacts and risks arising from this cascade of dams need to be considered at a 

basin scale (see above section on basin scale findings and recommendations) to understand potential 

transboundary management and cooperation options to overcome these impacts (including those of 

benefit sharing discussed in Chapter 6.1.1). 

 

6.2 Thematic Findings and Recommendations 

6.2.1 Hydrology and Flows 

For the larger time step, annually and inter-annually, the hydrological changes depend heavily on the 

active storage volume of the reservoirs. At present, the flow regime is strongly influenced by the 

Chinese dams that have over-year storage, which is already traceable in the change of the timing and 

magnitude of the dry- and wet-season flows. As the dams in the Lao cascade are all run-of-the-river 

(small storage), they will have negligible influence on the overall annual flow regime, particularly if 

compared to the effects of the Chinese dams and tributary dams. 

 
The short-term (sub-daily) variations in discharge and water levels due to operations of the cascade, 

such as peaking, can be mitigated by imposing maximum ramping rates and minimum 

environmental flow criteria. These are defined by constraints from the other fields, such as (fish) 

environment, water quality and sediment transport. The impact of the Lao cascade on the flow regime 

further downstream, towards Pakse, on the Tonle Sap system, and further downstream to the 

Mekong Delta, will be hardly noticeable, but this will be the subject of more refined study in the next 

phase of the project. 

6.2.2 Sediments and Geomorphology  

The sediment and geomorphology modelling investigations indicate that sediment loads entering 

the cascade will be considerably lower than historic values due to the trapping of sediment in the 

Lancang Cascade and in the tributary dams included in the BDP 2030 baseline scenario.  Of the 

sediment that does enter the cascade, all of the gravel, coarse sand and medium sand will be trapped, 

as will most (but not all) of the fine sand.  Silt and clay will be transported through the impoundments, 

although seasonal accumulation of fines during the dry season followed by re-mobilisation is expected.  

The modelling results suggest that ~6 Mt/yr of sediment will be discharged from the downstream dam, 
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and the grain-size distribution will be limited to silt and clay. Deposition of the inflowing sediment will 

be greatest in the Pak Beng reservoir, due to it being the most upstream impoundment. Due to the 

low level of sediment input, long time periods, in the order of decades, are likely to be required before 

sediment deposition extends down the long impoundments and reaches the dam wall.   

Geomorphic changes associated with the operation of the cascade include: 

 Channel incision at the upstream ends of all impoundments, except Pak Beng due to erosion 

associated with the inflow of low sediment water at relatively high velocities from the 

upstream reservoir; 

 Channel infilling (deposition) of sediment where water velocities decrease, with virtually all 

gravel, coarse and medium sand captured, and most fine sand captured; 

 The progression of an erosion-wave downstream of the final dam site (Sanakham).  The 

erosion of sediment from the channel is projected to increase sediment concentrations at 

Paksane to near BDP 2030 levels for a number of years.   

Mitigation measures investigated in Scenarios 1.1A&B, associated with providing a minimum flow, fish 

passage, or flood and water level control, are not considered to alter sediment trapping in the cascade 

compared to the no mitigation scenario (1.1.0).  Similarly, the hydropeaking regimes with mitigation 

investigated in Scenario 1.3 are not considered to alter sediment trapping or geomorphic changes 

relative to the non-hydropeaking flow regime. 

Sediment flushing after 7-years was found to be viable and increased sediment discharged from the 

impoundments from <5% to 35% compared to the annual sediment discharge.  The efficiency of 

sediment flushing depends on the volume of sediment available for transport, the draw down rate, 

and the duration over which the river was maintained at minimum level.  Fine sand was consistently 

mobilised by flushing, with medium sand mobilised when draw down was very rapid.  The volume of 

sediment mobilised provides a positive benefit in the river reach downstream of the final dam, and 

the benefit could be maximised by managing the timing of flushing events to coincide with periods 

when there is a greater likelihood that sediment will deposit in the channel. 

Maximum suspended sediment concentrations in the discharge during flushing were found to occur 

for short periods of time and be within the natural range of the LMB.  If greater sediment loads were 

available for mobilisation, these concentrations would be likely to increase and future investigation 

and optimisation are required. 

Longer model runs of 16-years demonstrated the progression of sediment deposition along the 

reservoir, and suggest that flushing has the potential to mobilise larger sediment loads in the future.  

Although flushing may not be ‘required’ or highly efficient until one or more decades after project 

implementation, the inclusion of appropriate infra structure to allow flushing to be completed is 

considered critical for the long-term operation of the cascade. Adaptive management should be 

introduced with respect to flushing, and the downstream ecosystem condition and the maintenance 

of a fine-sand supply to the downstream river should get high priority.  

6.2.3 Water Quality 

No specific water quality mitigation measures were modelled in the ISH0306 Case Study.  A risk 

analysis of the modelled scenarios found that there is an increased risk of algal blooms in the cascade 

under all of the scenarios due to the following factors: 
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 There is a low risk of wide spread thermal stratification of the reservoirs, but there is a risk of 

localised stratification near the dam walls, or potentially near tributary confluences; 

 There is a high likelihood that water temperatures will increase during storage during the dry 

summer months due to an increase in the residence time of water in the cascade reach; 

 There is a high risk that water clarity will increase due to sediment deposition; 

 There is a risk that nutrient inputs to the reservoirs will increase over time associated with an 

increase and intensification of agriculture in the region. 

Downstream water quality is likely to be affected by warming within reservoirs, and the discharge 

of potentially high levels of algae. There is also a risk of water containing low concentrations of 

dissolved oxygen being discharged during the first few years of operation associated with the 

degradation of organic matter following inundations. 

Nutrient levels in the discharge water are likely to decrease in response to sediment trapping, but 

because most nutrients are associated with very fine sediment, which will not be trapped in the 

impoundments, the reduction in nutrients is likely to be relatively less than the reduction in sediments.  

There is also the potential for nutrient levels to increase, either temporarily or permanently, through 

the initial degradation of organic matter in the impoundment area, and/or the intensification of 

agriculture or other activities in the catchment that contribute nutrients to the waterway.  

The most appropriate mitigation approach for water quality is adaptive management and 

catchment management, as the water quality risks are derived from catchment activities and inputs 

as well as the development of the cascade.  Long-term adaptive management will benefit from the 

inclusion of infrastructure at the design stage of hydropower projects that facilitates the release of 

water from multiple levels within the impoundment, and from long-term monitoring to understand 

the seasonal and longer term evolution of the impoundment. 

6.2.4 Fisheries and Aquatic Ecology  

The modelling results indicate, that the mitigation of habitat fragmentation (i.e. the construction of 

fish pass facilities) has a clear positive effect within the cascade and downstream. Assuming that the 

fish pass is functional for most species and age classes (which can only be shown by longterm 

monitoring) most species and life stages will benefit. Nevertheless, migratory species might still 

drastically decline or become extinct in the long run due to high losses caused by turbine mortalities 

and interrupted larval drift in the reservoirs. Turbine mortality could be reduced by the 

implementation of finer rakes, which would be beneficial for larger/long-lived species. The 

interruption of larval drift cannot be mitigated with the present hydropower design.   

 

The results demonstrate that flushing can be carried out in a way that fish are not significantly 

affected in the downstream zones (2 & 3), however, flushing always is associated with drastic 

impacts on the fish community within the reservoirs. Inspite of the positive effects of flushing in terms 

of sediment transport, the downstream river sections will still suffer from a lack of sediment, which, 

of course, can be attributed to the existing Chinese dams but is also intensified by the Lao cascade. 

The hydromorphological consequences of sediment deficit will result in loss of sand bars and other 

habitat features leading to reduced fish biomasses on the long term. Another consequence is the likely 

riverbed incision, which will result in a decoupling of the adjacent floodplain habitats and reduced 

floodplain fish productivity. One solution, practiced in large European rives (Rhein, Danube), would be 
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to dredge coarse sediments in the upper most reservoir and ship the sediments downstream the 

cascade. 

 

Finally, the peaking restrictions show significant improvements compared to peaking-scenarios 

without restrictions. Having un-ramped hydropeaking at the four upper dams and using the lowermost 

dam as a re-regulation reservoir is beneficial for the downstream impact zones but still causes 

significant degradation within the cascade and therefore this is not recommended. 

6.2.5 Hydropower Operations and Economics 

6.2.5.1 Feasibility and Operational Viability of the Mitigation Options 

When assessing the feasibility and operational viability of the proposed mitigation options for the 

cascade, these are in general considered to be relevant for future and planned hydropower schemes. 

Many of these are already included in the Xayaburi scheme (flood protection, fish passages, minimum 

flow etc.). A challenge with respect to both management and financial viability is the scenario group 

1.2 with flushing and sluicing. This was discussed also in chapter 3.1.3 proposing also a central authority 

dispatching optimal cascade performance and according to which the developers are paid for available 

capacity and not energy for. Peaking withouth any restrictions, e.g. scenario 1.3.0 is not 

environmentally acceptable.  

6.2.5.2 Economics of the Mitigation Options 

Hydropower modelling demonstrated that the mitigating measures that cause the largest losses of 

power generation and revenue are the measures involving reservoir drawdown. In scenarios 

involving drawdown both for flood protection and for sediment management as well, the loss may 

amount to as much as 6% of the revenue. This is substantial and would require some compensation 

mechanism for the operators, for example a tariff adjustment. 

 

Peaking operation with various mitigation measures, but with ramping restrictions only at 

Sanakham, leads to a revenue increase in the order of magnitude of one percent (with the exact 

figure depending on the RoR scenario it is compared to), as shown in section 5.2. One may argue that 

the peaking regime that has been investigated is gentle in the sense that it operates for around 8 hours, 

respective 16 hours without abrupt changes to the flow. It is also worth noting that the water level 

amplitude is well below one meter most of the time. Still the peaking regime gives an abrupt flow 

change twice during every 24 hours, except for in the flood season, so there is a certain environmental 

stress involved.  

 

Peaking could be justified, especially under commercial considerations, by the possibility of delivering 

energy at the time of the day when it is needed, as opposed to the Run-of-the-River regime, in which 

an equal amount of energy is produced when the need is less, during night hours. Environmental 

considerations will however need an applicable and firm ramping rate for the hydropeaking to be 

considered. This has been thoroughly discussed in chapter 5.6. From a developer point of view, the 

peaking regime is of course attractive due to the increased revenue. It is a notable finding of the study 

that the revenue increase due to peaking, turned out to be less than expected (i.e., in the order of 1 

pct). 
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7 Description of Final Phase Case Study Activities  

7.1 ToR for Phase 4 Case Study Activities 
The Case Study activities for Phase 4 will be confined to Output 6 of ISH0306, as per revised ToR (2016), 

as well as additional revision following the National Consultations in August 2016. Hence the proposed 

activities for Phase 4 is as follows, including also Output 7 (Scoping of Research Needs) and Output 8 

(Final Reporting and Training). 

PHASE 4: Alternative Scheme Layouts, Case Study Version 2 and Final Guidelines and 

Training 

Output 6a:  Alternative Hydropower Scheme Layouts – inputs to the MRC Council Study hydropower 
sub-scenarios.  

Study alternative design layouts that proposes off-river diversion with substantially reduced impact on 
fish passage, sediment trapping etc., but also with significantly reduced power capacity and 
generation.  Several of the mitigation options and techniques highlighted above may assume 
alternative hydro scheme layouts. 

1. This output should explore at a conceptual level, alternative mainstream hydropower scheme 
layout options that may be considered for mainstream dams that will substantially improve their 
sustainability. 

a. Laos cascade: based on the case study, consider if design or operational changes to 
the structures, as currently proposed, require alteration and the benefits of these 
changes to mitigating impacts. (e.g. more low level gates, different fish passage 
options) (Scenario 1.4), (Scenario 3,4 and 5 comparisons to Scenario 1.2 as before). 
See also Table 7.1. 

b. Laos Cascade: effects of partial development of the cascade (2 or 3 dams only) and 
issues associated with the likely phased development of the 5 dams (e.g. Xayaburi 
followed by Pak Beng followed by Pak Lay etc) (Scenario 2). See also table 7.1. 

c. Downstream dams (Latsua/Phoun Noi, Don Sahong, Stung Treng, Sambor):  the 
analysis in the Delta Study and the BDP Scenarios shows the significant impacts from 
the lower mainstream Dams. Alternative layout and design options should be 
investigated given upstream understandings.  (e.g. by-pass channel at Sambor based 
on the work of NHI). 

2. These redesign proposals should contain conceptual layout general arrangement drawings and 
initial commentary on potential changes to energy production and costs. 

3. The effectiveness and importance of these options should be assessed against the criticality of 
environmental and social risks and vulnerabilities and their economic feasibility. 

 

The results will inform the Council Study Hydropower Sub-Scenarios. This output will also assist the 
member countries with design options to meet the Preliminary Design Guidance. 

Output 6b: Review of Case Study Analysis with additional Scenarios including layout options 

1. The further analysis should be of sufficient accuracy to provide guidance on the practicality, 
environmental benefits and economics of these options. 

2. Provide commentary on flood management, dam safety considerations, emergency response 
etc. of these mainstream dams (Laos Cascade). 

3. The above analysis should be included in a revised/enhanced the Case Study Report (Version 
2) to include the additional findings from this additional analysis.  
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4. These design modification options should be in a form (design and operational rules) that can 
be input to the DSF models for the Council study assessment. 

Output 6c: Inclusion of assessment of mitigation operations in the MRC Council Study to assess the 
mitigation below Pakse 

1. Liaison with MRC Council Study modelling team on the results of the Upper Laos cascade 
assessment (and redesign and operational rules for lower mainstream dams) in the above 
steps including: 

a. Modelling and assessment techniques used (August 2016) – may include training MT 
to use Delft3D model for one of the Cambodian dams. 

b. Reconciliation of all input and output parameters with the view to gaining similar 
representations of key processes in the CS modelling; 

c. Advice to the MRC Modelling Team on operating rules with and without mitigation for 
input to the DSF models. (HPST1 and HPST2). 

2. Inputs to, and review of, CS assessment outputs to improve the understanding of the basin 
wide implications of mitigations in the upper Lao cascade, as well as potential project 
design/operation modification in the Zones downstream of Pakse. 

Output 7: Further Research Requirements 

The MRC has, through the Basin Development Planning process, the PNPCA process for Xayaburi and 
the SEA process for mainstream Dams, highlighted knowledge gaps in the river environmental and 
social baseline information.  The closing of these knowledge gaps is being pursued through the MRC 
programme work and also through specific major studies yet to be commissioned.   

1. Existing and past research on these matters should be documented. 

2. This study should highlight the need for further research into the effectiveness and applicability of 
internationally tried and tested mitigation options to the Mekong. This needs analysis should take 
account of the current MRC, NMC and Development Partner work in this field. 

3. Concept notes should be prepared in some detail on research needs to further testing, refinement 
and innovation of the designs of appropriate mitigation options. 

4. The notes should be in sufficient detail to allow discussion on the potential for further funding. 

5. Accepted research concepts may be commissioned during this study so that results may be fed 
into the conclusions of this work where possible. 

6. Regional universities and/or agencies may take up these research options. 

Output 8a: Training and Communication Documentation  

1. Design and plan suitable training interventions and prepare training materials on the Mitigation 
Guidelines and associated assessment and modelling methods (partly through the Council Study 
interactions with MT and national modellers etc.); 

2. Present the training and capacity building interventions (one 5 day event); 

3. Develop relevant communication materials for dissemination of study findings carry out 
consultations as agreed. 
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Output 8b: Final Report, Knowledge Base and Training and Communication Documentation  

All information collected through the course of this work will form an important resource for regional 
experts, designers, regulators, agencies and researchers.   

1. Finalise the Guidelines, Knowledge Base and communication tools. 
2. Prepare a final Case Study Report and Final Study Closure report summarizing the activities 

and findings. 
3. Complete the Knowledge Base covering regional and international practice and research on 

hydropower mitigation options including transfer to the MRC system: 
a. Scientific articles, research reports etc.; 
b. guidelines assembled (Safeguard Policy, National HP Policies etc.); and 
c. case studies, design details, documented operational examples. 

 

Table 7.1. Scenarios that may be studied at conceptual level in Phase 4 mentioned under Output 6a 

above. 

Option No. Subject Details 

1,4 
5 Project Cascade + Shut 
Down 

As Option 1.1 but with reservoir draw down to natural river 
conditions + total station shut down for duration of peak 
upstream fish migration period (May?) and again later in the 
wet season for peak downstream fish migration period.   
Reservoir draw down and re-fill achieved gradually using 
turbined flows and maintain draw down using spillway 
gates. 

2 
3 Project Cascade + 
Sediment Draw Down 

Cascade comprising Pak Beng, Luang Prabang and Xayaburi.  
Operate as Option 1.2 

3 Lower dams  
Sub divide one or more of Pak Beng, Luang Prabang and Pak 
Lay.into two half height schemes, equip with low speed bulb 
turbines and operate as Option 1.2 

4 Revised locations (fish) 

Investigate revised locations of one or more of Pak Beng, 
Luang Prabang, Pak Lay and Sanakham with respect to major 
tributaries to improve fish connectivity.  Operate as Option 
1.2 

5 
Revised locations 
(sediment) 

Investigate revised locations of one or more of Pak Beng, 
Luang Prabang, Pak Lay and Sanakham with respect to major 
tributaries to reduce sediment retention.  Operate as Option 
1.2 
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7.2 Revision of the 2nd Interim Phase Case Study Report 
Based on the activities in Output 6a, 6b and 6c described above a version 2.0 of the Case Study Report 

with updates of the Final Phase results and activities will be delivered at the end of the study. The 

results will possibly also feed into output 7 when defining further research requirements for the 

Mekong mainstream and tributaries sustainable hydropower development. 
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