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Executive Summary 
 
This study was commissioned by Mega First Corporation Berhad (MFCB), developer of the 
Don Sahong Hydropower Project (DSHPP or the Project). The aim of the study is to address 
a request from the Government of Lao PDR (GoL) for more detailed information regarding 
the Project’s likely impacts on the fisheries of the Mekong River, and what actions the 
Project would take to mitigate those impacts. DSHPP commissioned the National University 
of Lao, Faculty of Agriculture (NUOL, Fac. Ag.) and a fish passage consultant, Garry 
Thorncraft to undertake these additional studies. DSHPP also engaged the services of its 
hydropower engineering consultant, AECOM NZ Ltd, to provide specialist inputs on turbine 
operating characteristics relating to fish passage, and to assist in the development of a 
suitable approach for downstream passage facilities from an engineering perspective. 
AECOM further engaged the services of an independent fish passage engineering specialist, 
Mr Kozmo Ken Bates, for specialist advice on fish passage facilities. This report is based on 
work undertaken by the NUOL Team in the Project areas over a 12 month period to January 
2010. 

The DSHPP is sited on one of the main channels (Hou Sahong) that cross the GFL and this 
channel has been identified as the most important channel for migrating fish, as it provides 
the major dry season and to a lesser extent wet season migratory pathway between the lower 
and middle zones of the LMB. As the Project will completely block upstream migration in 
the Hou Sahong channel, and as current fishway technology cannot be relied upon to provide 
an acceptable level of fish passage at the dam site, it is proposed that the Project modify two 
existing channels to either side of Hou Sahong to provide alternate passages. The Xangpheuk 
channel, immediately adjacent to the Hou Sahong channel, is of a similar size and it is 
proposed to modify the bed and banks of this channel based on the physical channel 
characteristics present in the Sahong channel, to allow similar free passage. The Hou Sadam 
channel will also be modified by increasing water flow so as to improve year round fish 
passage conditions; it currently has very low and diffuse flows in the dry season. 

Previous studies of fisheries production and management at the GFL have however, shown 
that the situation is not static even without mainstream dam developments, as fisheries 
resources are increasingly coming under extractive pressure (Allen et al., 2005). It is 
frequently reported in public media in Lao that local fishers report that fisheries resources 
have already been impacted and that yield and species composition have declined recently. 
Therefore, an option exists to balance likely fish mortalities associated mainly with 
downstream passage through the project infrastructure (turbine mortality and impingement of 
screens etc) by reducing fishing pressure from local communities through the alternative 
livelihood programme and sustainable fisheries management practices. 
The DSHPP Fisheries Monitoring Action Plan (FishMAP) proposed here for inclusion in the 
EIA, aims to address impacts through direct mitigation and by developing improved fisheries 
management systems supported by the introduction of alternative non-fisheries dependant 
livelihood systems to reduce fishing pressure on the improved alternative channels and their 
adjacent villages.  
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1. Introduction 
This study was commissioned by Mega First Corporation Berhad (MFCB), developer of the 
Don Sahong Hydropower Project (DSHPP or the Project). The aim of the study is to address 
a request from the Government of Lao PDR (GOL) for more detailed information regarding 
the Project’s likely impacts on the fisheries of the Mekong River and the likely actions the 
Project would take to mitigate those impacts. Specific comments were also made by the 
Mekong River Commission (MRC) through the Lao National Mekong Committee, in relation 
to potential trans-border impacts on wild fisheries. In addition, a number of international Non 
Government Organisations (NGO’s) have also voiced concerns over a range of possible 
impacts arising from mainstream dams in general, and this project in particular.  

Large dams have received widespread criticism throughout the world, in part due to the 
potential impacts of creating large storages; which alter critical functioning of rivers through 
changes in flow regimes and water quality, sediment and nutrient transfer, as well as directly 
altering aquatic habitats (WCD, 2000). However, DSHPP is a run-of-the-river project sited 
on one of many channels across the Great fault Line (GFL) on the Mekong River. As a run-
of-river plant, the project does,not have a storage reservoir and will not alter large sections of 
riverine habitat nor  regulate the flow of the Mekong River (see Map 1. and for a general 
description of the project design see Appendix 1).  

Therefore, the primary focus of this study is to address the potential impacts of the Project on 
fish migration and existing local fisheries and to recommend appropriate mitigation measures 
to overcome or minimise the impacts. DSHPP commissioned the National University of Lao, 
Faculty of Agriculture (NUOL, Fac. Ag.) and a fish passage consultant, Garry Thorncraft to 
undertake these studies. A targeted Terms of Reference were produced and a 12 month study 
was commissioned, which started in January 2009. DSHPP also engaged the services of its 
hydropower engineering consultant, AECOM NZ Ltd, to provide specialist inputs on turbine 
operating characteristics relating to fish passage, and to assist in the development of a 
suitable approach for downstream passage facilities from an engineering perspective. 
AECOM further engaged the services of an independent fish passage engineering specialist, 
Mr Kozmo Ken Bates, for specialist advice on fish passage facilities. The author wishes to 
acknowledge and thank AECOM and its subconsultants for their valuable inputs. This report 
is based on work undertaken by the NUOL Team in the Project areas over a 12 month period 
to January 2010. 

1.1. Review of Available Information 
A review of previous studies on Lower Mekong Basin (LMB) fisheries show that a large 
amount of information already exists on the importance of fisheries; in both subsistence and 
commercial terms, for the 60 million people who live in the four main LMB countries 
(Hortle, 2007 and 2009). In particular, studies by Vietnam, Cambodia, Thailand and Laos 
fisheries departments, working in co-operation with the MRC, have shown that the Great 
Fault Line (GFL) forms a boundary between the two most productive fisheries systems in the 
Mekong River. The lower fisheries system is based on the Mekong Delta, Tonle Sap Lake 
and the interconnecting mainstream Mekong channel upstream to the GFL. The middle 
fisheries system is based from the GFL to an area just upstream of Vientiane, and the third 
system extends north upstream of Vientiane (Poulsen et al., 2004). 

The productivity of these systems depends on many dynamics, but is greater in the lower 
systems, which are more hospitable to flora and fauna in terms of temperature, habitat 
availability, flow rate, and nutrient loads (Kang et al., 2008). The relative importance of the 
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tributaries and floodplains associated with these mainstream systems is less well known, but 
is assumed to play a highly significant role in maintaining the fisheries production within the 
systems (Poulsen, et al., 2002). In general, the fish migration patterns within these systems 
are determined by the spatial separation between dry season refuge habitats and flood season 
spawning, nursery and growth-out habitats within each system (Poulsen, et al., 2004). 
Map 1: General Site Footprint for the Don Sahong Hydropower Project, Khone Falls 
 Area, Khong District, Champasak Province, Southern Lao PDR 
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The migratory cues that control these migrations are complex (MRC TAB, 2007), but for the 
majority of species are based on changes in river flow. The deeper water bodies in the 
mainstream act as refuges for fish during the dry season (Poulsen et al., 2002a), with many 
species undertaking lateral migrations onto the floodplain in the wet season, and which may 
involve some longitudinal migration upstream and downstream depending on life history 
stages (Poulsen et al., 2002b). The majority of species in the LMB that only undertake short-
distance migrations do so within one of these three systems that makes up the LMB. 
However, some long distance migratory fish move between the one or more systems, though 
the interconnectivity is generally stronger between the lower of the two systems (Kang et al., 
2009) a small number of species may cross all three systems (Hurwood et al., 2008). The 
scale of these fish population migrations is an important factor to take into consideration 
when attempting to manage extractive fisheries or mitigate the impacts of infrastructure 
development (Hurwood et al., 2009). If a discrete population of migratory fish is impacted in 
one geographic area, then that impact can extend across the whole of that population’s habitat 
range.  
The zone of interconnectivity between the lower and middle zones is through a system of 
braided channels across the GFL, which though in the dry season have substantial waterfalls 
or rapid sections forming barriers to fish movement, as river levels rise in the wet season 
become inundated and fish are able to move more freely. This system of falls is a 
zoogeographic barrier for many fish species, in particular species of marine origin (Sverdrup-
Jensen, 2002).  
The number of species that require free passage past the GFL to complete their lifecycles and 
sustain their present population levels is not fully known, but 201 fish species have been 
recorded to inhabit the area, and at least 90 species are thought to be involved in distinct 
migrations (Baran et al., 2005). The MRC have identified 58 species of significant 
subsistence and commercial importance that annually migrate upstream across the GFL. 
Other studies in the area have shown that 50 species dominate the fisheries in the area that 
target migratory fish (Baran et al., 2005). Of these 50 species, 85% of the biomass comprises 
fish less than 25cm, though 61% of the species recorded exceed 25cm (Baran et al., 2005). A 
further 26 species that spawn on floodplains are known to have a downstream larval drift 
stage (Kshatriya and Halls, in press) and drift rates can vary considerably over days and 
within a 24 hour period (Hortle, et al. 2003; Chea and Hortle, 2005; and Nguyen et al., 2005). 
Passage through turbines has been associated with mortalities through shear stress and sudden 
pressure changes (Becker, et al. 2003) and this type of injury can cause extremely high 
mortality rates up to 100% for some species (Baumgartner et al., inpress). 
The DSHPP is sited on one of the main channels that cross the GFL and this channel has been 
considered as the most important channel for migrating fish, as it provides both a dry and wet 
season migratory pathway (Baran and Ratner, 2007, Baran et al., 2005). A considerable 
amount of study has been dedicated to determining the life history and migratory cues 
important for fish movement in the Mekong river (MRC, 2001; Van Zalinge et al.,2004; 
Warren, et al., 1998; Baird, 1996; Baird, et al., 2003; Baird, et al., 2004; Baird and Roberts, 
1995; Baird et al., 2001; Baran et al.; 2005); and in particular in the Project area, which has 
been summarised in Figure 1. below (Baran and Ratner, 2007).  
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Figure 1: Fish migration patterns in Khone Falls Area, Khong District, Champasak 
 Province, Southern Lao PDR (Baran and Ratner, 2007) 
 

 
 

This indicates that fish migration occurs across most of the year and the timing of those 
movements is closely correlated with a number of factors, but mainly river flow or depth 
depending on which part of the fish species life cycle that is migrating. The downstream drift 
of larval stages is not shown, but could be expected to peak in June each year (pers. com. 
Sinthavong, 2010) and which is currently under study by the four riparian countries fisheries 
agencies and the MRC. 
It is commonly reported in the Lao media, and in discussions with local fishers and members 
of this study, that fisheries resources are now threatened by overfishing, in part to meet 
increasing demand but also through increased access to markets and the use of more 
sophisticated fishing practices. This situation has been evident in the GFL area since 1993, 
when a community co-management initiative was implemented to reduce fishing pressure on 
the resources of the Siphandone area as a whole, and the channel across the GFL in particular 
(Daconto, 2001). Though these measures were reported at the time to have a positive effect 
on the areas fisheries, but these do not seem to have has a lasting impact and most local 
fishermen are now worried again about the long-term sustainability of their livelihoods which 
depend heavily on the fishery (Naibans from six villages. pers, comm., see Table 1.). This is 
evident in a recent shift in the last five years from using large-meshed gill nets for catching 
species such as Probarbus, to targeting smaller species using gill nets with smaller mesh-sizes 
(15-25mm). This is an example of the ‘fishing down’ of a Mekong fish community, in which 
large long-lived species, and higher valued fish, are the first to be affected by heavy fishing, 
leading to increased targeting of lower valued species (Baird, 2006). 
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Table 1:  Interviews with Village Chiefs (Naibans) from Six Villages on Fisheries 

Trends in the DSHPP Footprint area at the Great Fault Line, Lao PDR 

Name of Village

Reference Year 
When Fishery 

Most Productive 
per HH/Fishing

Percentage 
Decline in 
Fishery to 

Today Levels

Change in 
Village 

Population

Main Reasons Given for Changes in 
Productivity Other Observations

Phapheng 1999 50%
1990 - 25 HH 
2009 - 27 HH  

Relatively 
steady

 A lot more fishing being done and illegal 
fishing gear being used, plus since 2006 water 
levels have fluctuated a lot more in dry season, 
which  impacts migration as rising water in dry 
seaon prevents migration

Dry season migrations of fish have 
declined faster than wet season 
migrations, and gill net use has 
increased up to 5 fold

Hou Sadam 1992-95 70%
1990 - 60 HH 

2009 - 90 HH   
= 1.5 fold 
increase

Fish caught in Cambodia first, Tonle Sap is 
blocked all the time now, change in dry season 
flows with more water now and it fluctuates up 
and down daily now

Dry season migrations of fish have 
declined faster than wet season 
migrations.

Hou Sahong 1995-96 70%
2000 - 55 HH 

2009 - 70 HH   
= 1.3 fold 
increase

Population in area increase and fish not coming 
up from Camboia, also maybe natural as river 
levels are higher in dry season now.

50 % of the overall decline occurred 
after 2005, decreases in wet and dry 
season catches are the same

Esom 2000 90%
2000 - 55 HH 
2009 - 90 HH  

= 1.6 fold 
increase

A lot of fishing gear is being set now and some 
illegal methods are being used now in 
Sipandone area as a whole

Wet season fish catches decrease 
faster than dry season catches.

Hang Khone 1990 80%
2009 -  44 HH   
No Significant 

Change 

A lot more fishing gear is now being being set 
in Cambodia and some illegal methods are also 
being used

Wet season fish catches decrease 
faster than dry season catches, mostly 
non-scales species such as catfish, and 
in 2000-02 most big fish dissapear

Hang Sadam 1992-95 70%
1990 - 20 HH 

2009 - 96 HH   
= 4.8 fold 
increase

Avaliablity of modern fishing gear and 
increased access to markets

Since 95, in some years fish catch was 
high on occasion, such as 2002 when 
famous photo taken for poster, but still 
that year fish catch lower than 92-95

 
 

There has been considerable discussion on the issue of threats to and declines in the fisheries 
resources of the LMB (Allen et al., 2005; Bara, et al., 2001	  Hogan et al., 2004; Baird & 
Flaherty, 2005, Baird, 2006), with the MRC pointing to the decline of larger long-lived 
species as be a possible indicator of over fishing (MRC 2003). However, studies have shown 
that in some areas the overall catch has not declined; it is just that the numbers of people 
accessing the fishery, amongst other factors, has increased resulting in a diminished catch per 
fisher, along with an increase in the proportion of smaller lower-valued fish being caught 
(Baran and Myschowoda, 2008). However, this is cold comfort to individual household’s 
dependant on wild fisheries resources, as they are required to invest more resources to catch 
the same or less fish, to the detriment of the long-term sustainability of their livelihood 
systems. 

1.2. Review and Response to DSHPP Specific Issues 
Due to the importance of the GFL in general, and the Hou Sahong in particular as a 
connection between these two areas, the MRC and other international NGO’s have raised 
specific issues of concern in relation to likely fisheries impacts. Specifically, the MRC have 
developed a model of the likely impact on fisheries of mainstream dams (Kshatriya and Halls 
in press) and also produced a set of guidelines for minimising likely impacts, in particular 
regarding fish migration. From these sources, a matrix of issues of concern and proposed 
approach to address those issues have been drawn up (see Table 2.).  
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Table 2. Issues of concern relating to migratory fish and the proposed Don Sahong 
Hydropower Project and the Projects Response 

A) Issues arising from the initial EIA report submitted to the GoL in 2008. 

Com. 
No. Summary of Comment Source Summary of DSHPP Response 

 Project Description 
12 Impact of river regulation of 

fisheries 
MRC The Mekong as a whole will not be regulated, only 

in relation to the discharge from individual 
channels, which will not interrupt longitudinal 
migration stimulus downstream of the Project, but 
should help fish find the alternative passage 
channel with less delay than currently 

14 Environmental flows to feed the 
bypass channels, Khone falls, Li 
Phi falls 

MRC The proposed changes in flow will direct more fish 
to successfully pass through the alternative fish 
passage channels and away from the Khone Falls 
which is a dead end. 

15 Channel modifications and their 
effects  
 

MRC Channel modification is unavoidable due to the 
Project’s nature and passage upstream through Hou 
Sahong will be lost however, modifications will be 
done to improve passage in two alternative 
channels which fish now have difficulties 
ascending 

17 Construction site access MRC The proposed bridge may cause some minor 
changes to flow patterns in the Sompandon channel 
and might impact fish accessing Hou Sadam, but 
improvement to the downstream channel (cleared 
and more water released to improve attraction 
flows) will overall improve fish passage 

 Institutional and Legal Framework 
30 The EIA admits that there is a 

lack of information in some areas 
MRC Though the project will alter the natural values 

currently present in the proposed Ramsar area 
however, improvements in fisheries management 
and less fishing pressure should balance this loss in 
the Ramsar area. 

31 EIA should address trans 
boundary and cumulative impacts 

MRC Transboundary and cumulative impacts are being 
addressed in the CIA. 
 

 Hydrology 
38 Turbines would operate well 

below installed capacity in dry 
season? 

MRC Because Don Sahong will have multiple turbine 
units the number of units operating will reduce as 
overall flows reduce through the dry season. The 
remaining turbines will operate at equal flows at as 
high a capacity as possible, as this is the most 
efficient way to operate. Analysis indicates that the 
turbines will operate at in excess of 90% flow 
capacity for 70% of the time, and above 75% 
capacity for 99% of the time. At these operating 
positions the turbine guide vanes are relatively 
open and provide conditions similar to those in the 
full-flow condition. Supporting data is presented in 
Section 3.2. 
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Com. 
No. Summary of Comment Source Summary of DSHPP Response 

42 EIA should explain how flood 
hydraulics will be influenced 

MRC The flood hydraulics of the Mekong as a whole 
will not be altered, only in relation to the discharge 
from individual channels, which will not interrupt 
longitudinal migration stimulus downstream of the 
Project, but should help fish find the alternative 
passage channel with less delay than currently 

 Aquatic Ecology and Fisheries 
43 EIA underestimates the 

geographic extent of the fisheries 
migrating through the fault line 

MRC. The geographic extent of the fisheries has been 
recognized in the FishMAP with enhanced 
protection of migratory fish pathways and 
reduction of fishing pressure through alternative 
livelihood programme. This will improve 
longitudinal fish passage over the GFL. 

 Communities and Cultural Aspects 
49 Socio economic assessment is 

good but too narrowly defined, 
focusing only on immediate area. 
Need to look upstream and 
downstream 

MRC Areas upstream and downstream should benefit 
immediately from reduced fishing in the immediate 
area of the Project, and extension of the alternative 
livelihood programme through local institutional 
strengthening and a focal point for sustainable 
development will provide medium to long-term 
socio-economic benefit. 

 Tourism 
56 EIA should report strong support 

for Ramsar site in Champasak 
MRC Programmes to protect migrating fish, promote 

sustainable management and long-term support for 
the initiative will support the Ramsar nomination 

 Impact Analysis and Mitigation Measures 
 Environmental Flows   

57 Need much more detailed 
discussion of environmental flows 

MRC Environmental flow to Khone Fall now identified 
as 800 cumec/sec, which is close to the flow 
recorded in the 2010 dry season.  

 Excavation and Water Quality   
59 Various forms of excavation, 

including underwater blasting 
mentioned in the EIA as major 
short-term impacts 

MRC Excavation will be by mechanical means and 
strictly controlled blasting. Under water blasting 
upstream will be approximately 8-10% Controlled 
blasting uses just sufficient charge to fragment the 
rock to a size suitable for excavation, but not to 
pulverise it. This means that additional fine 
particles are not formed and turbidity from the 
excavation process will be (if anything) minor and 
rapidly diluted. No under water blasting at the 
downstream end will be permitted. 

60 Further detail needed for: (1) 
underwater excavation especially 
impact on dolphins and other 
aquatic life; (2) long term impacts 
of morphological changes 
(especially bed and bank 
stability); and (3) emissions of 
toxic substances  

MRC As above. 

 Fisheries   
61 (1) Channel modifications need to 

be shown effective prior to dam 
construction; (2) Ways to reduce 
“fish-attractant feature of outflow 
from turbines is needed 

MRC Channel modification will be done and assessed 
before dam construction, and improvements made 
as required. As the alternative channel is adjacent, 
and its attraction flow will be improved this should 
not be an issue and there are other means to control 
this if monitoring identifies it to be an issue. 
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Com. 
No. Summary of Comment Source Summary of DSHPP Response 

62 Address downstream fish 
movement 

MRC Downstream fish movement will be mitigated 
through the use of low head, low speed turbines for 
which recent theoretical studies on fish blade strike 
indicate the potential impacts on downstream 
migrating fish through Hou Sahong are likely to be 
low and generally within the MRC target guideline. 
Larger fish may still need to be excluded to meet 
the criteria. The project will monitor the mortality 
rates closely during operations. Refer related 
comments in Table B, item2 below. If target 
mortality rates are shown to exceed the MRC 
guideline, a pre-designed fish screen and bypass 
channel system will be implemented upstream of 
the barrage.  An additional behavioural or electrical 
barrier at the entrance to the Hou Sahong will also 
be considered, should such additional measures 
proved necessary. 

63 Fish / egg / larvae mortality 
through turbines will be high 

MRC This should not be an issue as bulk of the river 
flow remains in the natural river down other 
channels. The turbines to be installed are low head 
and low speed bulb turbines.  

64 Address cumulative impact of 
losing 30% of fish eggs and larvae 
through turbines 

MRC As above 

65 Fisheries mitigation addressed in 
EIA. Research program 
particularly good.  

MRC Considered by DSHPP as an essential part of the 
Project 

66 Need further discussion on: (1) 
geographic / economic impact on 
fisheries underestimated, (2) 
proposed mitigation for upstream 
movement cannot be proven prior 
to the dam (3) mortality of fish 
through turbines overlooked  

MRC  1) As above, 2) by using the naturally occurring 
channel morphology in the Sahong channel, we 
aim to maximise the likelihood of getting it right 
first time, but are prepared to undertake 
refinements over time 3) as above 

 Communities and Cultural Aspects 
 Ramsar Issues   

72 More work on compatibility of 
DSHPPP to Ramsar 

MRC As above 

 Transboundary and Cumulative 
Impacts 

  

73 A stand-alone chapter on 
transboundary and cumulative 
impacts needed 

MRC This is being addressed in CIA 

 Resettlement and Social Action 
Plans 

  

76 3-year livelihood transition may 
not be enough 

MRC Agreed, this is being addressed in the RAP and 
SAP. 
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B) Specific issues of concern relating to migratory fish and the proposed Mekong 
Mainstream Dam Projects (report to the MRC: Kshatriya and Halls in prep). 

Com. 
No. 

Area of 
concern Summary of Comment Summary of DSHPP Response 

1 In general Mainstream dams in the LMB have 
the potential to diminish fish 
diversity and the size structure of the 
community thereby potentially 
impacting upon ecosystem integrity 
and functioning.  Overall catch value 
may also decline if large, valuable, 
highly migratory species no longer 
persist at levels that are economically 
attractive to fishers.  Populations of 
small species that respond rapidly to, 
or ‘track’, environmental variation 
may also decline further, diminishing 
their resilience to climate change and 
leading to greater inter-annual 
variability in landings 

This may be the case for a bank-to-bank 
mainstream dam. However this Project is 
NOT a bank-to-bank mainstream dam, as it 
is only on one of many channels and without 
storage, only impacts on migratory are of 
relevance. Whilst the overall catch in the 
Mekong has not been shown to be declining, 
highly migratory fish species are already 
declining and the Project is focusing not 
only on providing alternative improved 
natural passage for the fish, but also on 
improving their protection at and around the 
site by reducing fishing pressure and 
providing support through institutional 
strengthening. Lessons learnt can be shared 
with other hydropower developments in the 
Mekong mainstream. 

2 Downstream 
mortality 

Small species have relatively low 
downstream mortality rates - ranging 
from approximately 2 % - 15 % per 
dam crossed assuming all individuals 
pass through the turbines. This 
declines to less than 5 % under the 
assumption that 75% of individuals 
could be safely by-passed via 
spillways, by-pass channels or 
sediment sluices. Spawning adults of 
the large species experience very 
high rates of mortality if they pass 
through turbines ranging from 
approximately 35 %  to 100 % 
probability of mortality. 

Initial estimates of mortality rates have been 
made based on blade strike models 
developed initially by Von Raben (1957) 
and described by Ferguson et al (2008). We 
have then made a first-principles adaptation 
of the Von Raben model for Kaplan turbines 
to suit bulb turbines based on the specific 
waterway and vane/blade geometry of bulb 
turbines. The relationships described by 
Turpenny (2000) have been applied to 
estimate mortality from blade strike. 
Based on an assumption of fish distribution 
matching flow distribution in the river the 
formula predicts survival rates of between 
92% and 99% of fish below 50 cm 
(depending on the season) could occur. 
Behavioural guidance systems will be 
considered to reduce this to a minimum of 
95%. It is proposed that a testing programme 
be undertaken by the turbine supplier to 
provide more definitive information about 
expected fish survival through the actual 
turbine type to be installed, and the results 
will be used to guide subsequent decisions 
about facilities to be provided including 
which size fish should be excluded from 
passing through the turbines. Appropriate 
trap and transfer methods would then be 
employed for these larger fish. 
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Com. 
No. 

Area of 
concern Summary of Comment Summary of DSHPP Response 

3 Minimum 
upstream 
passage 
success to 
sustain wild 
populations 

Small species 
To maintain viable exploited 
populations of the small species fish 
ladders, locks or other structures need 
to pass at least 60 – 87 % of upstream 
migrating adults in the case of a 
single dam, rising to 80 % - 95 % if 
adult fish were obliged to cross two 
or more dams, to reach critical 
upstream spawning habitat Attempts 
to reduce these minimum upstream 
passage success thresholds by 
improving downstream passage 
survival are predicted to be 
ineffective for small species. 
 
 
Large Species 
Large species appear particularly 
vulnerable to the downstream passage 
effects of dams.  These are predicted 
to be terminal for exploited 
populations of P. jullieni and P. gigas 
even if engineering solutions could 
be developed to re-direct 75 % of 
downstream migrating adults away 
from dam turbines and if upstream 
migrations were completely 
unhindered i.e. 100 % upstream 
passage success. Maintaining viable 
populations of P. gigas would require 
a complete ban on fishing for this 
species and near perfect engineering 
solutions i.e. 0 % of adults passing 
through turbines and 90 % - 100 % 
upstream passage efficiency.  
 
 

Upstream passage of small species will 
benefit from a reduction in fishing effort in 
the main migratory pathways immediately 
below, as well as areas further downstream 
and outside these channels, which will 
minimise passage mortalities of both large 
and small species to above pre-project 
levels, and it is recognized that for small-
species the main emphasis is on providing 
channel conditions for upstream in the 
alternative Xangpheuk channel pathway the 
same  as previously existed in the Sahong 
channel, with an improvement in the ability 
of Sadam channel to attract fish and then 
provide a fishing free fish pathway in the dry 
season.  
 
The potential threat to large species is 
acknowledged, and is addressed through 
programmes to reduce fishing effort, specific 
trap-and transport systems for large 
individuals, alternative channels pathways 
and turbine bypass screening; so these 
species will have greater protection and will 
be more intensively studied, through 
collection of genetic material and radio 
tagging of transported fish, than currently 
exists pre-Project. 
 
These studies will provide a significant 
increase in the knowledge on these species’ 
life histories and ecological status, which 
will provide a basis for improved 
management of these vulnerable species, 
which can then be imputed into the process 
for determining further development of 
water infrastructure related projects in the 
wider basin. 
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Com. 
No. 

Area of 
concern Summary of Comment Summary of DSHPP Response 

4 Mitigation Populations of larger species are 
more likely to respond to efforts to 
re-direct downstream migrating 
adults away from turbines. For 
smaller species, redirecting fish away 
from a turbine appears to have little 
impact on the required minimum up-
stream passage success rate. 
Mitigation strategies aimed at 
improving the downstream survival 
of juveniles of any species are also 
likely to generate marginal benefits 
often only after very high research, 
development and investment cost. 
The model suggests that attempts to 
improve downstream survival should 
focus upon the adults of large 
species.  
 
Estimates of downstream passage 
success (survival) reported in the 
literature range from 0 % to 100%, 
with average upper and lower 
estimates ranging from 
approximately 40 % to 70 %, several 
of which refer to juvenile stages only. 
We were unable to find evidence in 
the literature to suggest that the 
necessary rates of upstream passage 
success to sustain even the small 
species summarized above have been 
achieved elsewhere.  
 
In river systems such as the Mekong, 
adults of medium and large size 
iteroparous species (species that 
reproduce more than once during 
their lifetime) may need to undertake 
several spawning migrations in their 
life-time to maintain viable 
populations.  It is these large adult 
fish that experience significant rates 
of mortality during their downstream 
passage through dams.  

Acknowledged and addressed above. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Previous studies were based on employing 
traditional fishway designs which are 
currently unable to cater for the range and 
numbers of species migrating in the basin; 
which is why the project has focused on 
providing alternative fish passage 
‘channels’, modelled on the naturally 
occurring river conditions in the Sahong 
channel which is widely acknowledged as 
being sufficient to prove effective passage at 
historical and current passage rates. 
 
 
 
Acknowledged and addressed above. 
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C)  Issues Arising from the MRC Guidelines for Fish Passage on Mainstream Mekong 
 River Dams 

MRC Guidelines on Fish Passage Design and Operation 
The following section provides preliminary guidance on fish passage design and operation for developers 
planning dams for the mainstream of the Mekong. The guidance have been developed by the Mekong River 
Commission Secretariat, based on extensive consultation and review of dams around the world, their impact 
on fisheries, and measures developed to facilitate fish movement past dams 

Original 
Item No. 

Guideline Summary of DSHPP Response 

 General 
60 Fish passage facilities for both upstream and 

downstream passage must be incorporated into 
all dams on the mainstream. 

Two upstream migration pathways, specific 
trap-and-transport systems for large fish and 
a downstream screening and bypass systems 
are included in the Project design 
 

61 The developer should provide effective fish 
passage upstream and downstream. Effective 
fish passage is usually defined as "providing 
safe passage for 95% of the target species under 
all flow conditions." The success rate for fish 
passage both upstream and downstream 
necessary to ensure continued population 
viability can be refined for the particular species 
concerned, based on its life history and the 
number of dams the species may have to pass to 
complete its life-cycle.  

The Project accepts the 95% effective 
passage rate target for upstream migrating 
fish in the two alternative migration 
pathways, and through reductions in 
localised fishing pressure and the 
establishment of Fish Control Zones, will 
aim to exceed pre-Project migration success.  
 
For downstream migrating fish, the project 
has applied the results of recent theoretical 
studies on fish blade strike of low head, low 
speed turbine designs and taken account of 
recent fish catch data in the project area. 
This analysis indicates a reasonable 
likelihood that the 95% target guideline 
would be met for fish shorter than 
approximately 50cm without the need for a 
downstream fish screen and bypass channel. 
However, the project will take an adaptive 
approach through undertaking testing of fish 
survival through the turbines, and making 
provisions for a fish screen and bypass 
channel to be constructed after operation of 
the dam commences if proven necessary 
based on monitoring results. Other 
supporting measures include provision for a 
behavioural or electrical barrier to further 
reduce the amount of fish entering the 
Sahong channel if found to be required.  

62 Where fish passage rates are unlikely to be 
adequate to maintain viable populations, the 
developers must develop and propose mitigation 
options as one element of compensation 
programs for lost fisheries resources. 

The alternative fish passages and bypass to 
be provided by DSHPP are designed for 
adequate safe fish passage to maintain viable 
populations.  In addition the FishMAP will 
address monitoring programme and provide 
supporting measures to further enhance fish 
populations. 
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63 Consideration should be given to multiple 
systems at each site to cater for the large 
number of species and high biomass, especially 
given the variable flow regime and lack of 
biological knowledge on behaviour of migrating 
species 

The project will have multiple systems, 
principally two alternative migration 
pathways modified based on existing Hou 
Sahong channel morphology, which will be 
able to operate over variable flows and suit 
the biological behaviour of local species. 
These plus additional downstream systems 
will be in place and monitored, with 
modifications being made as required over a 
ten year study period. 

 Planning and design phase 
64 The planning and design of the fishways should 

be fully integrated into the dam design concept 
from the earliest stages of planning. Many 
aspects of dam design need to be integrated with 
fish behaviour and fish passage facilities, 
including the dam axis; abutments; training 
walls; gate design hydro draft tubes; and sill 
level in tailwaters. These elements need to be 
designed to ensure fish are guided to the 
fishways by creating flows that are laminar and 
parallel with the river centreline and by 
minimising lateral and rolling flows. Numeric 
and physical models of the dam and adjacent 
river are: necessary to accurately predict flow 
patterns, and hence dam and fish passage 
design. 

The Project does not intend to install 
traditional fishways, other than a specific 
system to transport large fish caught below 
the dam, rather the project will modify 
existing river channels to improve fish 
passage based on channel morphology found 
in an existing effective migration pathway. 
However, general fish movements and 
accumulation in relation to flows, 
particularly between the dam site and the 
adjacent Xangpheuk channel, will be 
monitored both pre and post-construction, 
and modifications made as required to 
reduce any passage delays. 

65 Developers are encouraged to utilise best 
international practice in fish passage design and 
be aware of the outputs of the MRC Fisheries 
Programme and ensure that a "core expert 
group" is retained 

The project will utilise best international 
practice in fish passage design as well as 
MRC guidelines on fisheries. A core expert 
group will be retained throughout the 
project.  

 Biological/ecological 

66 Facilities should be designed to cater for the 
upstream and downstream movement of the 
most important species at any site, under the 
seasonal flow conditions during the periods 
when the species migrate. Target species should 
be selected based on considerations of 
commercial and livelihood importance, broad 
coverage of ecological guilds, as well as 
conservation of threatened species. 

As the main upstream alternative fish 
passage pathways will be based on naturally 
occurring channel morphology proven to 
provide fish passage, it should cater for all 
species under all conditions, though 
monitoring and modifications will be made 
to optimise the system, and specific 
transport and bypass systems will be in place 
to provide extra protection for subsistence, 
commercial and threatened species that do 
not pass through the other channels, and 
these systems will also be monitored and 
modifications made to optimise the systems. 

67 The maximum standard length of the target 
species moving upstream will vary from around 
20cm to more than 100cm. For downstream 
migration, the size will vary from eggs and 
larvae a few millimetres long, to adult fish. 
These variations will have significant 
implications for fish passage design and will 
likely necessitate multiple systems at each site. 

The size of the fish species using the 
Projects multiple migration pathways have 
been considered, and it is expected that they 
will cater for the expected size range of 
species, though this will be monitored and 
modifications made as required. 
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68 The preferences, tolerances and biological 
attributes of the target fish species relevant to 
successful movement through the facilities 
should be clearly established. Of particular 
importance are size at time of migration; 
swimming capabilities (prolonged and burst 
swimming speeds); depth and horizontal 
positioning in the river channel downstream or 
the impoundment upstream of the dam wall; 
diurnal movements; and cover, substrate and 
light preferences. 

As the main upstream migration pathways 
will be based on natural channels, specific 
design criteria as required for formal 
engineered fishways will not be required, 
though preconstruction monitoring will be 
used to fine-tune and pinpoint critical 
channel conditions in channels known to be 
effective pathways for all common species. 

69 The peak biomass likely to be using the 
facilities must be determined and the 
appropriate structure sizing of fishways, cycle 
time of fish locks and/or lifts, and water 
availability established. 

Biomass is not expected to be a problem as 
two natural channels will be modified to 
improve fish passage, one of which is 
directly adjacent to the dam site and of a 
similar size as Hou Sahong, though 
accumulation zones will be monitored and 
delays identified, with channel modifications 
or fish exclusions systems (electrical fences) 
installed if shown necessary below the dam 
site.  

70 Predation within the fish passages should be 
minimised. Therefore, predator-prey 
relationships within the target species and other 
species that may use the facilities, or benefit 
from the reduced fitness of fish that have 
traversed the pass, should be determined. 
Adequate shelter for smaller species while 
within the confines of the fishways should be 
considered, and actual residence time in the 
fishways should be minimised. 

This will not be required as a traditional 
fishway is not being built, and any predation 
will be similar as found in natural 
background levels, with the exception that 
human fishing pressure will be greatly 
reduced in the project area. 

71 Fish exiting fishways both upstream and 
downstream should be sufficiently healthy to 
continue their natural patterns and migration 
routes. Direct and indirect mortality combined, 
as a result of movement through the fishways, 
should be less than 5 percent. Similarly, human 
fishing in the vicinity of the fishways should be 
managed to ensure mortality caused by fishing 
is not excessive. 

With the exception of downstream bypass 
systems and the trap-and-transport system, 
fish will be under natural conditions and 
should continue their natural patterns and 
migration routes once past the GFL. As 
passage downstream past the dam is not the 
only passage option, and as the bypass and 
transport systems can deliver fish to safe 
areas, mortalities will not be excessive.  

 Hydrology 
72 The fishways should cater for the largest 

operational ranges practical, within the 
biological and hydrological requirements of the 
fish species concerned. As a guideline, fishways 
should be fully operational from minimum low 
season flow up to the 1:20 year flood level. 

These conditions will be met in the 
alternative migration pathways, and the 
operation of the dam related systems will be 
monitored and modified as required to 
ensure they meet these requirements. 

73 Particular attention must be given to ensuring 
that the entrances to fishways effectively attract 
fish. This will require that adequate flows are 
available to attract fish to the entrances. 
Adequate flows must be directed through the 
fishways to ensure they function effectively in 
both the high and low flow seasons, and at all 
times are sufficient to ensure optimal 
effectiveness for fish passage targets.  

The volume of flow down the alternative 
migration pathway channels will be greater 
than found in any fishway, and they will be 
further modified to optimise their attraction 
to fish and in particular, the area below the 
dam and the main adjacent alternative 
pathway will be intensively monitored and 
modified (possibly with an electric fence 
system) as required to ensure passage delays 
in this area are minimised. 
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74 Dam and fish passage design should minimise 
fish injury or entrapment. Spillway design, 
aprons, stilling basins and dissipater design 
should seek to minimise fish injury, mortality 
and entrapment. 

The strategy adopted focuses on minimizing 
fish injury or entrapment by taking 
advantage of existing natural channels 
adjacent to the Sahong channel to provide 
enhanced natural conditions for alternative 
migration pathways as opposed to providing 
artificial structures integrated with the 
powerhouse. This will be combined with the 
use of fish friendly bulb turbines and making 
advance provisions for fish screens and a 
downstream bypass to be implemented, only 
if analysis of monitoring results indicates 
that such additional controls are required to 
meet MRC’s performance guidelines.  

 Hydraulic environment 

75 Fishway entrances should be:. Sited to take 
maximum advantage of the hydraulic conditions 
created by spillways, outlets and channel 
structures. Conversely, the entrance should not 
be located where water velocities or turbulence 
are likely to hamper fish attraction to the 
facility. Suitably located to be accessed by fish 
over the full operational range of the fishway. 
Consequently, it may be necessary to have 
multiple entrances to the one fishway. Located 
where the morphology of the river, as well as 
the substrate and cover, promote fish attraction 
to the facility. 

This is not directly applicable as traditional 
fishway are not being built however, flow 
conditions around the alternative pathway 
channels will be optimised, monitored and if 
required further modified to optimise their 
attraction to fish and in particular, the area 
below the dam and the main adjacent 
alternative pathway will be intensively 
monitored and modified (possibly with an 
electric fence system) as required to ensure 
passage delays in this area are minimised. 

76 Spillways should be designed so that extra flows 
initiate and terminate adjacent to the fishway 
entrance(s) to maximise attraction to the 
fishways. 

This will not be required as neither a 
traditional fishway or a spillway is required, 

77 Fish attracted to the spillway need to be able to 
access the fishway entrance without needing to 
double back to find the entrance. 

This will not be required as neither a 
traditional fishway or a spillway is required, 

78 Fish exiting upstream fishways should not be 
drawn back over the spillway during 
overtopping. Exit conditions should be 
sufficient to provide stimulus for fish to exit the 
fishway. The combination of suitable attractive 
water flows, substrate and protection from 
predators is important. 

This will not be required as neither a 
traditional fishway or a spillway is required, 

79 Barrier screens should be designed to guide 
downstream moving fish away from turbines 
and towards the fish passage facilities. The 
screens must be sized to ensure that fish cannot 
pass through or become trapped within the 
mesh, and water velocities at the screens must 
be low enough to prevent fish being trapped 
against the mesh surface. Self-cleaning 
travelling or rotating screens should be used 
where there are high debris loads. 

See response to comment 62 Table 2A. If 
turbine testing and monitoring indicate a fish 
screen and bypass channel are required they 
will be designed in such a way as to 
minimise entrapment and disorientation.  

80 The use of fish friendly turbines should be 
investigated and adopted where feasible. 

The turbines are low-head, large diameter 
and low revolution types which are more 
fish friendly and will minimise turbine 
passage mortalities of fish passing through 
the guiding screens. The turbine supplier 
will be required to undertake physical testing 
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of the effect on fish based on the actual 
turbine supplied. The outcome of such 
testing will be used to assist determination 
and finalization of the design facilities to be 
provided for. 

 Operation 
81 The period of captivity and interruption to the 

normal movements of the fish should be as short 
as possible. 

Only very large fish will be captured in the 
trap-and-transport systems, and although 
they will be held for a maximum of 24 hours 
(partly to allow biological investigation and 
the fitting of radio tags), ensuring as little 
interruption to their movements will be a 
priority. 

82 Water quality should be maintained within any 
holding enclosures to ensure fish health. 
Oxygen levels should be maintained within the 
fishways at >5 ppm. 

Agreed and this will be monitored. 

83 Where an environmental flow downstream of 
the dam is required the appropriate volumes 
should be directed through the fishway as a first 
priority, thereby ensuring fish are attracted to 
the fishway entrance as well as maximising 
operating time. 

Due to other environmental and social 
considerations, environmental flows will 
need to be shared with the other channels 
across the whole of the GFL, though flow 
through the alternative pathways channels 
will be far greater in any season than 
possible down a fishway.  

84 Entrance slot velocities should be adjustable, 
such that feedback from monitoring and 
observation of fish behaviour can lead to 
optimisation of the fishway operation. 

Not directly applicable, though the 
alternative pathways channels will have a 
very large diversity of flow pathways due to 
their natural channel morphology. 

 Monitoring and evaluation 
85 Provisions for monitoring facilities at fishways 

are to be incorporated into the design and 
operation phase of environment management 
and monitoring programmes. This should 
include the ability to sample fish safely from the 
fishways as well as monitor fish movements and 
water quality. 

A full monitoring programme has been 
budgeted and specific monitoring facilities 
(fish-traps) planned, and all possible safety 
precautions will be undertaken. 

86 Monitoring programmes should be established 
to quantify the effectiveness of the fishways. 
Determining their effectiveness requires 
sampling upstream of the dam wall, within the 
fishway, and downstream; such data will allow 
determination of the proportions of species and 
biomass attempting to migrate that successfully 
negotiated the fishway. 

A full monitoring programme has been 
budgeted and both upstream and 
downstream accumulations, passage time, 
volume and composition of fish migrations 
will be monitored, with recommendations 
for channel modification or 
management/operational changes made as 
required to maximise fish passage success. 

87 The monitoring programme should be funded 
by the developer for the duration of the 
concession period. 

The Project will fund its own monitoring 
programme for ten years, and then as part of 
its capacity building and extension 
programme will help fund GoL line agencies 
and district and provincial authorities to 
continue the programmes for the life of the 
project. 
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88 Developers should utilise a core group of 
international experts to assist with the design 
and implementation of the monitoring 
programme, with all expenses covered by the 
developer. 

A core group of international experts will be 
engaged by the Project to assist with the 
design, and the implementation of the 
monitoring programme will be done in 
cooperation with the GoL. 

89 Developers should set aside contingency funds 
for modification of the fishway facilities, which 
may be identified as necessary based on the 
results of the monitoring programme as well as 
new information from other Mekong fishway 
programmes. The contingency fund is 20 
percent of the initial cost of building the 
fishways. A guideline figure for the contingency 
fund should be replenished as it is drawn down, 
to ensure that funds are always available for 
modification works 

A contingency fund will be set aside. 
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2. Field Study Methodology 
The NUOL established an office in Ban Thakho (on the mainland adjacent to the Khone Falls 
areas) which was staffed by two full-time field researchers. Their task was to each week visit 
the six study villages (Ban Hou Sadam, Hang Sadam, Hou Sahong, Don Phapheng, Hang 
Khone and Esom) and collect and enter data from fish-catch log books. In each village, local 
people were employed to each day visit selected households and record their total household 
fish-catch in a log book for each household. In each village, 10 households were randomly 
selected for monitoring in a public meeting at the start of the study period. During the wet 
season, a second person in each village was employed to ensure that each household 
(including those that had moved to fishing camps around the islands) was visited daily. 

Although the percentage of households in village differed, the minimum number of 
households per village monitored was not less than 10%. It was understood that smaller 
villages would tend to be over represented when the data was pooled, but as each village 
tended to fish in specific locations, a large enough sample size for each area was considered a 
reasonable trade-off. During the selection process, if a household was not considered to be a 
fishing household (i.e. no single person in the households was a regular fisher), then they 
were not selected (see Table 7. for more details on fishers). A small number of households (2) 
decided at an early stage in the survey to not participate in the monitoring, and they were 
replaced immediately with other households randomly selected. 
A number of additional surveys were undertaken to supplement the primary household fish-
catch monitoring and included: 

• Recording the number of non-fishing households in each village; 

• Recording number, channel location and type of permanent fish-traps being used in 
the area; 

• The species, location and migratory nature of fish being caught in the three channels 
as well as upstream, and downstream of the islands bordering the channels; and  

• Regular surveys were also conducted in the two major mainland fish markets, at Ban 
Nakasang and Ban Viengkham, to monitor fish landings and market prices. 

In addition, each of the channels and rapid sections across the whole of the GFL were visited 
during both the wet and dry season.  Local fishermen were interviewed on their fishing 
activities and operation of their fish-traps. Fish lengths of Pba Soi captured during dry season 
migrations were recorded in each of the three channels, though due to logistical problems no 
wet season migrations were directly monitored in the same detail, though this was planned. 
The physical characteristics of each channel were explored and local fishermen interviewed 
on fish movements in these areas and what features posed barriers to fish passage. In 
particular, the physical characteristics of the Hou Sahong channel were investigated and local 
fishers interviewed on fish trap placement and fish behaviour under different flows. The 
critical water surface slope and depth across the main rapid section across the Hou Sahong 
were surveyed during low flows in the dry season.  
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3. Results and Interpretations from Field Monitoring Studies  
The fisheries study showed as expected, that the pattern of fish movement across the GFL 
and its dependant fisheries are both extremely complex and also an integral part of the 
livelihood systems for the majority of households in the area. Presented below are those 
aspects of the study that have been considered in designing the mitigation and alternative 
livelihood development options in the following sections. 

3.1. Upstream Migration 
Interviews with local fishers indicated that the type of fishing methods have not changed 
recently (see Appendix 2.) with the exception that the use of gill nets has increased markedly 
in the last five years; from a situation for example downstream of Hang Sadam where only 
between 100 - 200 nets were set daily during the dry season 5 years ago, to where now up to 
900 nets (verified by onsite counts in 2009) daily in the same area. Details of the ownership 
by village and location by channel for the other main fishing gear used to target migratory 
fish, Lee and Lob traps, are shown in Figures 2 and 3. 
Figure 2: Number and type of fish-traps recorded in three channels in 2009 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Ownership by village and fish trap type for the three channels (Hous Sadam, 
 Sahong and Xangpheuk) across the GFL in 2009 
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The full details of the information collected on migratory species by month and channel 
location are listed in Appendix 3, with a summary of the information in Table 3 and 4. 
 
Table 3: Species occurrence by channel across the GFL in 2009 
 

1 = Downstream and 5  = Upstream 
of Channels, 2 = Hou Xangpheuk, 3 
= Hou Sahong, 4 = Hou Sadam Sp
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Seen in Hou 
Xangpeuk

Seen in Hou 
Sahong

Seen in Hou 
Sadam

1,2,5 2 2.0%
1,5 1 1.0%
1,2 1 1.0%
1,2,3 3 2.9%
1,2,3,4 1 1.0%
1,2,3,4,5 82 80.4%
1,2,3,5 1 1.0%
2,3 1 1.0%
3 1 1.0%
2 4 3.9%
wetland/ricefield 5 4.9%

Oreochromis niloticus
Trichogaster trichopterus

Notes:
Only seen in Hou Sahong
Only seen in Hou Xangpheuk
Only seen in Hou Xangpheuk
Only seen in Hou Xangpheuk
Only seen in Hou Xangpheuk

Species Name
Pangasianodon gigas

93% 87% 81%

Anquilla marmorata
Trichogaster pectoralis

 Location Recorded Percentage of 102 Species Found 

 
 
Table 4: Species migration timing as reported by local fisher in the three channels 
 across the GFL in 2009 (C = Commonly seen but not thought to be migrating, 
 M = Known to be migrating and R = Rarely seen at these times of the year)  
Month C M R 
January 36 19 47 
February 31 20 51 
March 34 4 64 
April 34 3 65 
May 31 12 59 
June 30 36 36 
July 41 42 19 
August 62 30 10 
September 90 3 9 
October 87 3 12 
November 71 7 24 
December 70 8 24 

 
Estimates of overall catch-by-weight by species were not recorded in this study; though they 
have been estimated in other studies (see Appendix 4). Fish migration events, as reflected in 
daily total fish-catch by selected households using all methods during the monitoring survey, 
show at least six peak migration events in 2009 (Figure 4). Dry season specific migration-
cohort data was collected in detail and Figure 5 shows the length frequency of the dry season 
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migration of Pa Soi (first migration peak in Figure 4.) by location in the three channels 
studied, indicating some size selectivity against larger fish in the Xangpheuk channel in 2009. 
 
Figure 4: Combined fish-catch for selected high-catch households by village for the 
 three channels (Hou Sadam, Sahong and Xangpheuk) in 2009 

 
 
Figure 5: Length frequency of Pa Soi migrations by channel in 2009 
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Using selected households who have a fish trap in one channel only (but who also use gill 
nets) and comparing them to households that have no fish-traps but do use gillnets (see Table 
5), mean weekly fish-catch per household are compared by channel in Figure 6. Peak catches 
are highest in the Hou Sahong channel for households that use both traps and gill nets, but it 
can also be seen that households that use only gill nets still make a significant contribution to 
overall fish-catch rates during peak migration times between April and June 2009. 
 
Table 5: Number of selected Households by Fishing Method and Location in 2009 
 
Selected Households by Fishing Method and Location  

No Trapping Sadam Sahong Xangpheuk 

 4 Households  7 Households  13 Households 12 Households 

 
 
Figure 6: Mean weekly catch-rates per selected households by channel in 2009 
 

 
 

 

3.2. Downstream Migration 
This section is intended to identify the considerations relevant to mitigation requirements 
relating to downstream migration. The basic approach is to initially test the impact of the 
turbine facility on downstream migrating fish, and to use this as a basis for planning the 
mitigation measures necessary to achieve the overall fish mortality criteria. 
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Figure 7 is based on a survey of maximum fish-body width from fish market landings at Ban 
Nakasang and Vienkham conducted during a period when downstream post wet season 
migrations would be expected in November/December 2009 and January 2010. It has been 
used to assist prediction of the mortality rates for various size fish through turbines. 

The data should be qualified by the observation that using fish from commercial landings is 
not necessarily representative of the actual fish population present as the sample may be 
biased by market demand and fishing equipment or methods used. Furthermore the data does 
not differentiate fishing methods and therefore provides no firm indication of whether the fish 
caught were travelling downstream or upstream. Accordingly the data should not be taken to 
be representative of downstream migrants only. As indicated by Figure 1, downstream 
migration is more commonly associated with rising river levels and ‘freshets’ from tributaries 
that will occur from June through September. 
  
Figure 7: Measured relationship between fish length and maximum fish width for the 
 identified species. Two examples are illustrated; for species over 50cm and 
 70cm length having maximum widths of 5cm and 7cm respectively. It can be 
 noted that the maximum length observed did not exceed 70cm except in one 
 species case. Refer to Appendix 3 for a list of species matched against the 
 species codes. 
 

 
 
The project will utilise bulb turbines, the important characteristics that are specific to Don 
Sahong being as follows: 

§ Horizontally aligned water passage 

§ Low head application, with water head ranging from 13m to 21m H2O approx 
§ Radially aligned guide vanes (or wicket gates) that control flow 

§ A relatively low speed runner (controllable pitch propeller type) of large diameter 
approximately 7.2m. 
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Odeh (1999) summarized fish entrainment and mortality studies by EPRI (EPRI 1992, Cook 
et al. 1997 and Franke et al. 1997). Studies included data from many projects including 
riverine fish species throughout the U.S. The EPRI study findings showed that estimated 
mortality averaged 25% less for bulb turbines than for Kaplan turbines. The EPRI review 
included studies of juvenile clupeid species (American shad and blueback herring) and that a 
limited variety of species suffer similar mortality rates in a given turbine. Advances have 
been made in developing so-called ‘fish friendly’ turbines in recent years, with the specific 
goals of reducing blade strike and minimising sudden pressure changes.  

It must be recognised that virtually all relevant research to date has been based on species 
prevalent in the US or Europe, and there is at present effectively no known research-based 
knowledge about the Mekong species behaviour with regards to turbine passage. Accordingly 
the project developer will take this opportunity to incorporate fish-friendly design criteria in 
the EPC specification, including testing of fish passage effectiveness and appropriate 
mitigation relevant to turbine passage if necessary. 

Initial estimates of mortality rates have then been made based on blade strike formulae 
developed initially by Von Raben (1957) and described by Ferguson et al (2008). The well-
known study by Deng et al (2005) uses the same formula but relating the result to time 
variables. The original Von Raben formula applied only for Kaplan and Francis turbines and 
can not necessarily be directly applied for bulb turbines, which offer a more direct waterway 
passage and have a differing geometric layout of the guide vanes (wicket gates) and turbine 
runner (blades). Accordingly a first-principles adaptation of the Von Raben formula for 
Kaplan turbines was derived by the project developer’s engineering consultant to suit bulb 
turbines based on the specific waterway and vane/blade geometry of bulb turbines. These 
formulae are purely geometric, not behavioural. That is to say, they predict the probability of 
a fish striking a blade based on the size and orientation of the fish relative to the size and 
speed of the blade and the flow patterns and open area of the turbine. They assume that fish 
move at the speed of the flow. 
Essentially though the same well-known basic form is used, this is as follows (where P = 
probability of blade strike): 

  
The main differences in the bulb adaptation relate to the calculation of velocity vectors at the 
runner blades (and thus the variable θ). An understanding of this mechanism is crucial to the 
formula as it describes the way ‘swirl’ is introduced to the flow approaching the blades, and 
this same ‘swirl’ is imparted to the fish. Thus it can be visualised that once a fish passes 
through the guide vanes, it will also then be rotating (swirling) in the same direction as blade 
rotation, which tends to align its radial motion relatively closer to the blade sweep velocity 
and thus facilitates it’s passage between the blades. 

Von Raben observed that his blade strike formula always produced an estimate of blade strike 
that was higher than the proportion of live fish observed to be injured during passage through 
the turbine he was modelling. To account for the apparent fact that not all fish struck during 
passage through the turbine were injured, the idea of a Mutilation Ratio (MR) was 
introduced, being the ratio between the proportion of fish estimated to be struck versus the 
proportion observed to be injured. It is expected that the MR will be species specific in that 
various species might more likely avoid or be struck and various species might be more or 
less sensitive to injuries. This approach was further developed by Turnpenny et al (2000) who 
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developed an empirical equation to describe MR for different fish lengths. Some references 
(eg; Ferguson, 2008) refer to the MR as a ‘Mortality’ ratio (as opposed to ‘mutilation’), and 
for purposes of this discussion it is assumed that there is no difference between ‘mutilation’ 
and ‘mortality’. This relationship was applied to the predicted blade strike for the DSHPP 
bulb turbines to estimate the mortality rate. 
The calculated MR (Mortality/Mutilation Ratio) is then factored according to the proportion 
of total Mekong flow that will be diverted to the turbines. From generation modelling studies 
reported separately in the engineering reports the data indicates that this will vary over the 
course of a year from 7% in August/September to 50% in March, as indicated in Figure 8. 
Figure 8: Monthly variation of Mekong flow proportion diverted through turbines, 
 compared also with the pre-construction case 

Proportion of Mekong Flow Diverted to Hou Sahong
Pre and Post Station Construction

(1982-2009 Data Adjusted to MRC Definite Future Scenario)

45%
49% 50% 49%

40%

21%

11%
7% 7%

12%

23%

37%

4% 4% 3% 3%
5% 6% 5% 5% 5% 5% 6% 6%

0%

10%

20%

30%

40%

50%

60%

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Q (post operation)

Q (pre operation)

 
Further consideration must be given to the proportion of time the turbines operate at different 
flow rates, as the Von Raben model accounts for and correctly predicts that fish survival 
reduces as turbine flow rate reduces.  
Because Don Sahong will have multiple turbine units the number of units operating will 
reduce as overall flows reduce through the dry season. The remaining turbines will operate at 
equal flows at as high a capacity as possible, as this is the most efficient way to operate. The 
testing to be carried out by the turbine supplier will include operation at different flows to 
identify optimum operating conditions for fish passage, and the results will be used to guide 
the development of turbine operating conditions in service that mitigate the likelihood of fish 
strike. 
Figure 9 presents an analysis of generation modelling results indicating the proportion of time 
that all turbine units will spend at a given proportion of their maximum discharge.  
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Figure 9: Percentage of time of turbine operation at a given percentage of maximum 
 unit discharge 
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The results indicate that the turbines will operate at in excess of 90% flow capacity for 70% 
of the time, and above 75% capacity for 99% of the time. The average unit discharge is 
indicated to be 93% of the maximum unit discharge. The adapted Von Raben blade strike 
model permits various unit flow and guide vane operating characteristics to be trialled. At the 
operating positions indicated as applying most of the time in Figure 9, the turbine guide vanes 
are relatively open and provide conditions similar to those in the full-flow condition.  
For purposes of comparison the model was run for fish lengths of 0.2m, 0.5m and 0.8m. The 
results are given in Table 6 below, for a range of 3 turbine operating conditions (maximum, 
mean and 95% exceeded) for the full range of Mekong flow conditions from the driest 
(March) which has the highest proportion diverted, to the wettest (August/September) which 
diverts the lowest proportion. An intermediate value for the month of June was also checked 
(21% diversion), which is relevant as the month where Mekong flows generally start to 
increase signalling a more significant period of downstream migration.  
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Table 6:  Results of Turbine Survival Rate Calculation for different length fish under 
 varying turbine flow conditions at various time of year 

Max.	  Unit	  
Flow

Mean	  Unit	  
Flow

95%	  exc'd	  
Unit	  Flow

Max.	  Unit	  
Flow

Mean	  Unit	  
Flow

95%	  exc'd	  
Unit	  Flow

Max.	  Unit	  
Flow

Mean	  Unit	  
Flow

95%	  exc'd	  
Unit	  Flow

Turbine	  flow	  %	  of	  maximum % 100% 93% 77% 100% 93% 77% 100% 93% 77%

Turbine	  rotation	  speed rpm 125 125 125 125 125 125 125 125 125

No.	  turbine	  blades No. 5 5 5 5 5 5 5 5 5

Axial	  velocity m/s 19.3 18.0 14.9 19.3 18.0 14.9 19.3 18.0 14.9

Wicket	  gate	  opening	   deg. 60 56 52 60 56 52 60 56 52

Blade	  stirke	  probability P 10% 11% 13% 26% 27% 32% 41% 43% 51%

Mortality	  Ratio M 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47

Mortality	  rate	  -‐	  Hou	  Sahong	  only MHS 5% 5% 6% 12% 13% 15% 19% 20% 24%

Survival	  rate	  -‐	  Hou	  Sahong	  only SHS 95% 95% 94% 88% 87% 85% 81% 80% 76%

Proportion	  of	  flow	  for	  month:

Driest	  (March) 50% 50% 50% 50% 50% 50% 50% 50% 50%

Wettest	  (August/September) 7% 7% 7% 7% 7% 7% 7% 7% 7%

First	  wet	  month	  (June) 21% 21% 21% 21% 21% 21% 21% 21% 21%

Overall	  survival	  rate	  for	  month
Driest	  (March) 98% 97% 97% 94% 94% 93% 90% 90% 88%
Wettest	  (August/September) 100% 100% 100% 99% 99% 99% 99% 99% 98%
First	  wet	  month	  (June) 99% 99% 99% 97% 97% 97% 96% 96% 95%

Fish	  length	  =	  0.2m Fish	  length	  =	  0.5m Fish	  length	  =	  0.8m

 
For avoidance of doubt the term ‘survival’ rate is specifically defined here to mean the 
proportion of fish that are not irrevocably damaged by the DSHPP turbines as determined by 
the model including any effect of MR, and is intended to be consistent with the definition of 
‘effective passage’ given in the MRC preliminary design guidelines (August 2009). The term 
is not intended to imply survival of other potential impediments that are not within the 
control of the project such as fishing, passage over large waterfalls in adjacent branches, etc.  

Table 6 represents single point results from a deterministic model and is not intended to 
represent a comprehensive statistical analysis, as variables relating to species and size 
distribution are not accounted for. The purpose is to illustrate the range of conditions 
predicted by the deterministic model. The blade strike probability for the larger size fish is 
relatively high, and is generally aligned with expectations according to results published by 
others. In fact it was observed during comparisons with a Kaplan model that the bulb model 
does not predict a significantly different result. The overall survival rate is put more into 
context once the assumptions relating to MR and flow proportion are applied.  

The formula indicates that criteria survival index of 95% is met for the conditions from June 
through November for all sizes checked over the full range of turbine operating conditions. 

For fish of <=0.2m length the formula indicates a survival index of 95% is met in all 
scenarios. For fish of 0.5m length the survival rate in the dry season months is indicated to be 
just short of the 95% criteria, and is somewhat below the criteria (around 88%-90%) for fish 
of 0.8m length. In other months the criteria is achieved. Importantly, the criteria is achieved 
for all sizes checked in the month of June when the wet season starts and downstream 
migration is likely to be more prevalent. 

At this point it is necessary to identify the limitations of the model, and the following caveats 
must be recognised as applying with regard to its use.  

§ It is limited to strike injuries and does not consider other mechanisms of injury. 
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§ There are uncertainties in the model in terms of the assumptions made, specifically an 
assumption (identified by Von Raben, Ferguson and others) that fish are always 
swimming aligned with the flow and are moving at the speed of the flow. 

§ The model was developed based on experiments on species prevalent in North 
America (mainly Salmonids) but that are not present in the Mekong. 

§ The mortality ratio is based on published empirical relationships (Turnpenny, 2000) 
but it applies to species with size range, fish behaviours, and other characteristics that 
may not necessarily be applicable to those present in the Mekong. 

§ The assumption that the proportion of fish diverted into the Hou Sahong is equivalent 
to the proportion of flow diverted is simplistic, and doesn’t account for the swimming 
characteristics of the variety of species, particularly whether they swim near the 
surface or the bottom of the river. 

The study by Deng et al (2005) evaluated the blade strike model against observations of fish 
injury at mainstream Columbia River dams and by observing beads passing through a 1:25 
physical turbine model of the McNary Dam turbines. One of the findings was that “the blade-
strike probability estimates from the deterministic model were considerably higher than the 
severe strike observations from the McNary physical model for beads that passed mid-blade 
through the turbine runner.” 

It must therefore be concluded that the Von Raben model, even though we have now adapted 
it to bulb turbines, can only be applied to DSHPP (or any other Mekong hydro project) as an 
initial planning or scoping tool, and is not accurate enough to justify its direct application 
to determining final design of mitigation facilities. This is especially the case for any and 
all of the proposed low-head Mekong hydro developments where the flow rates are much 
larger than other downstream passage installations in the US or Europe, and the costs of 
building and maintaining the more traditionally applied structures (e.g. exclusion screens 
with bypasses) are potentially prohibitive. 

The results of applying the blade strike model presented in Table 6 are therefore presented in 
this context, as a simple initial scoping tool for assisting the planning of practical mitigation 
measures that will achieve the necessary survival criteria.  
However the important conclusion of the above analysis is that the results indicate a 
reasonable likelihood that the DSH turbine facility is capable of safely passing 
downstream migrating fish to a level that would meet the target fish survival criteria for 
a wide range of fish sizes, possibly without the need for exclusion screening upstream. It 
is considered that this outcome can be reasonably applied to planning a mitigation strategy 
based on further testing, monitoring and adaptive management. The proposed process is 
further developed in Section 4.2. 

 

3.3. Downstream Larval Drift 
There were 6 families of fish found in the downstream drift survey at sites both above and 
below the three channels across the fault line and were identified as follows:  
1. Family Bagridae - seven individuals caught with two species identified as Hemibagrus 

nemurus and Hemibagus wyckioide and  the remainder only identifiable to family level; 
2. Family Siluridae, six individuals were caught and three species identified as Wallago 

attu and Micronema apogon, Hemisilurius mekongensis with the remainder only 
identified to family level;  
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3. Family Cyprinidae, six individuals were caught and one species identified as 
Crossocheilus atrilines with the remainder only identified to family level;  

4. Family Gobiidae six individuals were caught and three identified as Oxyeleotris 
marmorata with the remainder only identified to family level; 

5. Family Channidae three individuals were caught and only identified to family level; 
6. Family Pangasiidae two individuals were caught and only identified to family level; and 

7.  Other aquatic fauna also found in the samples were Macrobrachium and caradina). 
Some fish larvae were found to have been damaged; though this did not correspond to 
location above or below the falls and it was considered that the damaged occurred due to the 
large amount of organic debris (leaves, particles of wood etc) found in most of the samples 
and resulting poor preservation of samples. Details of site location and species found are 
included in Appendix 5. Overall, the results are inconclusive and fish numbers too limited to 
determine relative mortality rates and densities between channels. However, studies are 
currently being undertaking under the co-ordination of the MRC and the Project will take the 
results of these into consideration (see Section 4.2 -13). 
 

3.4. Assessment of Household Fish-catch and Market Landing 
The estimated maximum contribution of fish-catch to average household incomes is listed in 
Table 7 and the proportion of the total fish catch by village (10 households per village) are 
shown in Figure 10, whilst the catch-rate by mean and median values per month is shown in 
Figure 11. 
 
Table 7: Estimated maximum contribution of fish-catch to average household incomes 

Village
Annual Fish-Catch 
for 10 Households

% Households 
in Each Village 
Regularly Fishing

Estimated Annual 
Fish-Catch in Kg 
per Household for 
Village

Estimated Annual 
Value of Fish to 
Each Household in 
Kip

Total No. 
Households

Total 
Estimated Fish-
Catch per 
Village Kg/Year

Ban Donphapheng 6,203 96% 595 15,506,008 26 15,482
Ban Donsahong 15,434 95% 1466 38,180,629 67 98,237
Ban Donsom 10,181 87% 886 23,065,758 80 70,863
Ban Hangkhone 7,693 98% 754 19,631,665 43 32,418
Ban Hangsadam 10,737 98% 1052 27,400,731 94 98,912
Ban Housadam 6,557 92% 603 15,709,432 76 45,849

Total Estimated 
Fish-Catch for 6 
Villages (Kg) 361,761
Total Estimated 
Value of Fish-
Catch for 6 
Villages (at 
26,040 Kip/Kg) 9,420,266,122
or in USD$ 1,108,267
or in USD$ per 
Household 2,871  
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Figure 10: Proportion of the total fish-catch by village based on10 households per 
 village surveyed in 2009 

 
 
Figure 11: Comparison of mean and median household fish-catch based on10 
 households per village surveyed in 2009 

 
The breakdown of mean fish catch-rate by village and month is shown in Figure 12 and re-
shown in Fig 13 without the extreme catches to allow small-scale variations to be seen. This 
shows that whilst all villages experience peak catch-rates associated with fish migration 
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events, Ban Donsahong reports by far the greatest peak catch-rates and they occurred in May 
and June of 2009. 
 
Figure 12: Breakdown of mean fish catch-rate by village and month for household fish-
 catch based on10 households per village surveyed in 2009 (Some channels 
 are shared by the villages) 

 
 
Figure 13: Breakdown of mean fish catch-rate by village and month for household fish-
 catch based on10 households per village surveyed in 2009 – with scale 
 adjusted 
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A comparison of fish-catch landing in Nakasang Markets during the study period in 2009 is 
shown in Figure 14 and compared to previous estimates made in 2003 as shown in Figure 15. 
(Phonvisay, 2003) (Asterisks shown next to months in Figure 14 when data was not 
collected). Peak catches are recorded in June for both years, though in 2009 there is 
approximately a 30% decline in reported landings, though this is balanced by higher reported 
catches in the second half of the year in 2009 when compared with 2003.  
 
Figure 14: Fish-catch landing in Nakasang Market (Kg) 
 

 
 
 
Figure 15: Estimated Monthly Fish Trade in Nakasang (Kg) 
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4. Fish Migration Mitigation Measures  
4.1. Introduction 
Migratory fish populations face a number of different threats to their long-term sustainability 
in the Mekong River, of which the creation of barriers to fish migration across mainstream 
channels is only one problem, but with direct applicability to the Project and is dealt with in 
detail in Sections 4.2 and 5. Other large-scale threats include the alteration of natural river 
flow regimes, altered sediment loads, critical habitat alteration plus loss of floodplain 
connectivity; but as this Project will not create significant impacts in those other areas, and 
hence have no control over those processes, then no mitigation or management action by the 
Project is directly possible. 

One of the other major threatening processes to migratory fish is the over exploitation of fish 
populations during critical life history stages (for example capture of mature fish on 
spawning migrations, increased mortalities of endangered species or overharvesting during 
vulnerable life stage migrations); and this is one area where active resource management can 
be undertaken directly.   
An effective way for the Project to achieve the above objective of improving fisheries 
sustainability is through developing local fisheries management systems within the 
immediate Project footprint. This could be achieved by working with local villages and GoL 
resource managers to declare Fishing Control Zones (FCZ) to protect areas where fish may 
accumulate from over exploitation. As a first step, the Project will need to concentrate on 
creating non-fisheries related livelihood income systems as compensation for direct Project 
related impacts relating to the construction of the Project on the Hou Sahong and permanent 
loss of fish-traps in that channel.  

 

4.2. Direct Fisheries Impact Mitigation  
Overall Strategy 
DSHPP’s overall strategy for direct fisheries impact migration is guided by the MRC 
requirement in Article 61 of the MRC Preliminary Design Guide (Aug. 2009) “that the 
developer should provide effective fish passage upstream and downstream. Effective fish 
passage is usually defined as providing safe passage for 95% of the target species under all 
flow conditions”. This is a general criteria, and Article 61 further notes that “the success rate 
for fish passage both upstream and downstream necessary to ensure continued population 
viability can be refined for particular species concerned…”. A clear and specific 
interpretation of this definition needs to be discussed and agreed, however it is acknowledged 
that the criteria should relate to fish passage generally, and not just one component (turbine 
passage for example).   In developing the strategy the following factors and constraints have 
been taken into consideration: 
 
• The uniqueness of the project site which includes: 

o  a barrage across only one of a number of major channels that the Mekong splits into 
when crossing the Great Fault Line as opposed to an entire bank to bank barrage. 

o  The opportunity to take advantage of existing natural resources/terrain/channels 
adjacent to the Sahong channel to provide enhanced natural conditions for 
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alternative migration pathways as opposed to providing artificial structures 
integrated with the powerhouse. 

• the importance of the Sahong channel as a key fish migration pathway across the GFL; 
• the limited information available on Mekong fish migration patterns and behaviours 

including the range of species and their specific migratory timing/patterns/requirements; 
• the opportunity for extended data collection of fish migration patterns over the four year 

construction period; 
• the need to incorporate an adaptive/flexible approach to mitigation which allows for 

modifying passage design parameters after analysis of monitoring results during the 
operation period. Such monitoring results can be shared with other organizations; 

• facilitation of efficient project construction without delays and potentially unwarranted 
cost overruns; 

• Overall economic viability of the power project as related to aspects such as certainty of 
capital costs and of power production, the latter usually being subject to strict 
compliance by the Power Purchase Agreement. 

• the use of large, low-head bulb turbines which are known to be “fish friendly”; 
• the provision of specifications in EPC contract documents that will require the turbine 

supplier to carry out a testing program on blade strike based on the actual turbine to be 
adopted. As a criteria of compliance, the turbine supplier will be encouraged to 
demonstrate and design for as high a performance target for avoidance of blade strike as 
possible. “Encouraged” in this sense will include specific and measurable incentives, 
initially at the supplier tendering phase (e.g. assigning a monetary value to a guaranteed 
level of performance) and then during design development/testing and finally in the 
initial phase of operation.  The results from this, including the ability to demonstrate 
compliance with the 95% criteria for a range of fish sizes, will be used to develop and 
implement any further measures found necessary. 

• the need to agree on an appropriate monitoring methodology for determining the fish 
mortality rate through the turbines during operation that is statistically robust, is 
implemented on a timely schedule, and  specifies thresholds that trigger specific actions. 

• A commitment by DSHPP to implement a comprehensive fish exclusion screen and 
bypass system in the event that monitoring results during the early years of operation 
indicate that the 95% performance target is not met in respect of downstream fish 
passage. 

 
Upstream Fish Migration 
1. The main alternative upstream pathway for fish will be the Hou Xangpheuk channel, as it 

is of a similar width as Hou Sahong channel and hence has a similar capacity to allow 
fish movement. Hou Sahong and Xangpheuk join to form one channel close to the power 
station, which due to increased flow discharge will be the peak attraction point for fish 
migrating upstream into this one-of-three main channel complexes across the Great Fault 
Line (particularly during peak fish migrations in the dry and early wet season when flows 
in the other two complexes are the lowest); 

2. Before construction starts, whilst Hou Sahong is still operating as the main fish migration 
pathway, the steep banks either side of the Xangpheuk channel at the main constriction 
points will be excavated to a shallower angle, which will improve wet season migration 
conditions when the channel is normally full of water and fish passage is generally 
restricted to each bank where bed roughness and vegetation create slower flows and 
provide the main migratory pathways, and the excavated rock will then be back filled 
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below each of the three steeper sections in the constricted channels bed to reduce overall 
bed gradient and improve fish passage during the dry season (see section 5); 

3. Also before construction starts, the bedrock bar across the middle section of the Hou 
Xangpheuk (Knone Larne), which forms an almost completed barrier to fish movement 
during low flow conditions, will be modified to create a defined low flow channel on the 
western side and the vertical fall on the eastern side back filled downstream to increase 
overall bed gradient and improve fish passage; 

4. During construction a low partial-width flow control rock-wall will be built to span the 
entrance to Hou Xangpheuk with an opening on the eastern or Hou Sahong side of the 
Hou Xangpheuk, this will improve fish attraction in the first instance directly into Hou 
Xangpheuk, or secondly after fish have moved upstream to the discharge from the power 
station in the Hou Sahong and then returned downstream to loiter at the channel junction; 

5. Rock excavated from the Hou Sahong channel will also be available at this time for 
placement in the Xangpheuk channel to fix any problems identified during the first fish 
migration season after preconstruction modifications have been made and their 
effectiveness assessed; 

6. Also before construction, whilst Hou Sahong is still operating as the main fish migration 
pathway, the Hou Sadam channel will be modified by excavating the upstream inlet to 
provide greater dry season water depth through the channel and have its downstream 
outlet dredged and concentrated to improve attraction flows for fish moving up the 
eastern most channel complex below Khone Falls; 

7. If at any stage during construction any unusual fish accumulations are found in the 
Xangpheuk channel or in areas downstream and adjacent to any of the three main 
channel complexes, then FCZ (as mentioned above) will need to be implemented to 
protect against overfishing of migratory fish that might occur until the alternative 
migration pathways have been demonstrated to be effective; 

8. During the preconstruction, construction and operational phases, to ensure that large fish 
species such as the Mekong Catfish are provided with the highest level of protection 
possible, the Project will setup the following two systems: 
o Any large fish caught alive below any of the three channel complexes will be 

purchased on site by the Projects fisheries monitoring team and physically transported 
over the GFL and released upstream (after biological characteristics and genetic 
samples have been taken and tracking transmitters attached); and 

o A trap-and-transport system will be installed at the base of the power station in the 
Hou Sahong channel, based on large-mesh large-volume fish-traps (which allow 
smaller species to escape capture) placed at both banks which will be cleared daily 
and all large fish physically transported over the GFL and released upstream (after 
biological characteristics and genetic samples have been taken and tracking 
transmitters attached). 

o The trap-and-transport system will be actively monitored both within and without the 
trap with fish sensing (using methods such as electrical capacity sensors, underwater 
cameras and DIDSON sonar scanners) to evaluate their success and allow 
modifications to be made if required. 

9. As it is not possible to accurately predict the success of any of the above measure to 
provide adequate fish passage in the alternative migration pathways, and as maintaining 
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the overall sustainability of the migratory fish community passing through this point of 
the river is the objective, the following programmes will be undertaken: 

o The Project will directly fund, but jointly manage with GoL district, provincial and 
national fisheries line agencies, a major 10 year monitoring programme to study 
migratory fish and localised area density in the three channels (Sahong, Sadam and 
Xangpheuk) and in accumulation zones adjacent to these channels, to identify causes 
of delay, increased mortality and barriers to successful fish passage; 

o In that 10 year period, the Project will undertake continual modification of the 
alternative migration pathways (Hou Xangpheuk, Hou Sadam and the trap-and-
transport on Sahong) to improve fish passage as shown by the above monitoring; 

o Support if required, Fish Control Zones to protect migratory fish in areas immediately 
within and downstream of the three channel complexes across the GFL in co-
operation with all stakeholders (including villages, district, province and GoL line 
agencies) so that fish accumulations downstream are minimised so that exploitation of 
migratory fish populations at this point in the river is minimised. 

Downstream Fish Migration 
As concluded in Section 3.2, the deterministic turbine blade strike modelling results indicate 
a reasonable likelihood that the DSH turbine facility is capable of safely passing downstream 
migrating fish to a level that would meet the target fish survival criteria for a wide range of 
fish sizes, possibly without the need for exclusion screening upstream. It was emphasised 
however that the model can only be used as an initial planning tool and is not sufficiently 
accurate to justify its direct application to design of appropriate mitigation. Nevertheless it is 
considered that the model results can justifiably be applied to planning a mitigation strategy 
founded on further testing, monitoring and adaptive management, without the need for the 
installation of a major exclusion facility at the initial hydro construction stage.  

Screening solutions have been considered as an option for improving fish survival if 
necessary, however there remains at this early stage a high degree of uncertainty over the 
level of success of such a solution due largely to the lack of knowledge on the Mekong 
species, their large variety and unknown behavioural characteristics, and how they will 
respond to screen solutions that were originally developed to suit species in other countries 
most of which are not present in the Mekong basin. Certainly there are insufficient design 
criteria available at present from which to confidently develop an effective design, and this 
statement will apply to all hydropower developments proposed in the Mekong Basin given 
the currently available knowledge database.  
On that basis it would be impractical, financially onerous, and have uncertain value and 
possibly detrimental to the fishery to implement an un-tried screening solution without first 
obtaining a reasonable degree of confidence that it will be successful. Accordingly the only 
practical strategy to downstream fishery mitigation will be one that includes further testing, a 
robust monitoring program, and an adaptive management approach.  

For purposes of this report the initial planning for such processes will be based on the 
available data from monitoring and investigations carried out to date, and high-level planning 
tools such as the blade strike analysis reported above. The measures proposed to be 
implemented include a testing programme using a turbine model, minimising possible future 
mitigation costs by future-proofing the up-front design as far as is practicable, studying actual 
effects of hydro operation, implementing mitigation targets for specific actions, and making 
provision for installation of behavioural or electric barriers to further enhance survival rates.  
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The following specific measures are proposed: 
1. No structures will be placed to physically exclude fish from entering the upstream end of 

Hou Sahong or at the hydro facility to exclude fish from entering turbines (except as may 
occur as a result of any trashrack facility that may be required for turbine security). As 
discussed in Section 3.2 DSHPP has applied the results of recent theoretical studies on 
fish blade strike of low head, low speed turbine designs and taken account of recent fish 
catch data in the project area. On the one hand this analysis suggests that there is a 
reasonable likelihood that during power plant operations the 95% safe passage 
performance target could be achieved without the need of a downstream fish screen and 
bypass channel.  On the other hand there is a need to ensure that the target is met by 
making advance provisions for a fish screen and diversion structure or other facilities that 
can be easily implemented should monitoring results during power plant operations 
indicate that such a structure is necessary. Thus an adaptive and flexible approach will be 
adopted that recognizes the current status of available information but ensures a 
commitment for implementing additional structural mitigation measures if and when they 
are needed.  

2. This approach is also prudent from a cost effectiveness point of view given the current 
status of information. The barrage and powerhouse can be constructed without the need to 
integrate costly screens and bypass systems that may not be necessary.  

3. The approach is described below.  

o Incorporate specifications in the mechanical and electrical EPC contract documents 
that require the turbine supplier to carry out physical testing of the effect on fish based 
on the actual turbine to be adopted. As a criterion of compliance, the turbine supplier 
will be incentivised to demonstrate and design for as high a performance target for 
avoidance of blade strike and other fish damage as possible (refer related comments 
under the heading “Overall Strategy” above). This will include the design of specific 
‘fish-friendly’ measures into the turbine water passage (e.g. minimum blade gap, 
minimisation of cavitation, etc). The results from this, including the ability to 
demonstrate compliance with the 95% criteria for the largest possible fish size, will be 
used to develop and implement any further measures found necessary.  

o In the event that none of the tendering turbine suppliers are able to demonstrate that 
effective passage can be achieved, this will be a trigger for implementation of targeted 
fish exclusion devices, which will include consideration of a fish screen and bypass 
system and/or behavioural or electric barriers as appropriate, prior to commissioning 
of the project. Additional studies will be needed to specifically identify screen design 
criteria prior to construction of the screen. 

o Establish a monitoring programme that with reasonable confidence is able to quantify 
survival rates for downstream passage through the DSHPP. The monitoring program 
will be implemented from the commencement of the turbine operation phase. It will 
include monitoring facilities as necessary and an action plan, which specifies 
performance targets and triggers for implementation of the selected fish exclusion 
device(s) including detailed specifications thereof. 

o Prepare preliminary conservative (“worst case”) criteria, parameters, and designs for a 
fish screen and bypass channel, for implementation at a later stage in the event it is 
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found to be required from the results of the monitoring program. The proposed 
location is at the elbow bend near the upstream end of the embankments as shown on 
Plan 9 in Section 6. Preparation of a preliminary design will include: 

§ Detailed specifications for the fish screen including screen angle, screen area, 
cleaning mechanisms. Bar spacing will depend on the analysis of monitoring 
results. 

§ The screen will be designed so that it can be cleaned and repaired without the 
loss of function. 

§ The screen will be appropriately angled leading fish to a proposed bypass 
channel adjacent to the left abutment of the bridge. 

§ The bypass channel will run across Don Sadam and discharge into the Hou 
Sadam taking advantage of the natural fall between the left bank of the Hou 
Sahong and the Hou Sadam. 

o Construct the minimum necessary civil works for a possible future fish screen during 
the construction period when the river bed is dry.  

§ The civil works will incorporate a bridge across the Hou Sahong 
impoundment at the preferred location identified above with provision in its 
structure for the attachment of a pre designed fish screen.  

§ The bridge will facilitate community access between Don Sahong and Don 
Sadam thereby providing additional transport infrastructure for the local 
community.  

o Make provision for a behavioural or electrical barrier to further reduce the amount of 
fish entering the Sahong channel if necessary to achieve target survival rates. The 
proposed location of this barrier is at the inlet to the Sahong as shown on the plan in 
Section 6. Implementation of the behavioural barrier will be triggered by the 
monitoring results from early operation, and may be implemented either along with or 
instead of a fish screen and bypass structure depending on the monitoring outcomes. 

4. MRC guidelines suggest no more than a total of 30% mortality of fish eggs and larvae 
passing downstream of the mainstream hydropower projects. Therefore larval drift will be 
monitored regularly, and management of the turbines operation time at critical drift times 
will be implemented if demonstrated to be required. 

4.3. Monitoring of Fisheries Impact Mitigation  
As it will most likely not be possible to accurately predict the exact fish passage conditions in 
the alternative migration pathways during and post-construction, an ongoing fish passage 
monitoring programme (10 Year Fisheries Study, or otherwise as necessary to be statistically 
robust) will be required in the following areas: 

o Monitoring of fish accumulations zones in each channel and the downstream 
areas of each of the three channel complexes for upstream migrating fish to 
measure migration intensity and localised area density of migratory fish with 
particular emphasis on determining reasons for delays in passage; and 

o Monitoring of fish movements downstream through the channels and power 
station to measure migration intensity and localised area density of migratory 
fish and to quantify survival rates for fish passage through the turbines. 
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This will ensure that any problems are quickly identified and ongoing modification of the fish 
passage arrangements can be made as required. 

5. Proposed Channel Modifications to Provide  Upstream 
 Migration Pathways 

In order to determine if the Hou Xangpheuk channel could be modified to replace Hou 
Sahong channel as an effective fish passage pathway, as well as determine what 
modifications were required to Hou Sadam to provide all year round flows, detail surveys 
were carried out at each site. 

5.1. Location and Basis of Required Channel Modifications 
The areas on Map 2 show the locations of key features in three channels central to the 
Project. 
 
Map 2: Three Channels central to the Project 

 
 

5.2. Characteristics of the Hou Sahong  
A section of the Hou Sahong was surveyed in May 2010 to provide a basis of stream bed 
characteristics that were known to provide suitable all-year round fish passage (Plan 1.). It 
should be noted that the steepest section of the channel, at Tad Poe, was avoided so as to 
provide a conservation rather than extreme location for use as a guideline for modifying Hou 
Xangpheuk; though spot checks at this site showed the main passage way for fish, according 
to local fishers, was at a relatively steep slope of 1:30 (see Plan 1 and Photo 1 - 3). 
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Plan 1: General Plan of Hou Sahong Channel. 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

Tad Poe 

Photo 1 
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Photo 2: Don Sahong Channel at Tad Poe in dry season flows (note the numerous fish-
 traps at the almost continuous series line of the rock bar, and the only white-
 water free pathway on the right bank shown with arrow) 

 
 

Photo 3: Don Sahong Channel from right bank January 2009 
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From this survey detail of the bed slope, roughness and banks slope can be characterised 
(Plans 2 and 3), with an approximate bed slope of 1:60. 

Plan 2: Longitudinal section of Hou Sahong Channel 

 
Plan 3: Lateral sections of Hou Sahong Channel showing maximum water depth ranges 
 of 1.83 to 1.9 m across 120 m of stream width. 
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5.3. Characteristics of the Hou Xangpheuk  
The steepest section of the Hou Xangpheuk at Khone Larne was surveyed in May 2010 to 
compare with stream bed characteristics in Hou Sahong that were known to provide suitable 
all-year round fish passage (Plan 4 and Photo 4 - 6.). 

Plan 4: General Plan of Hou Xangpheuk Channel. 
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Photo 5: Hou Xangpheuk channel at rock bar and Khone Larne falls in January 2009. 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Photo 6: Hou Xangpheuk channel at Khone Larne falls in January 2009 
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From these survey, details of the bed slope, roughness and banks slope were characterised 
(Plans 5. and 6.) with an approximate bed slope of 1:35, almost twice that of Hou Sahong but 
similar to the steeper sections at Tad Vy. 
Plan 5: Longitudinal section of Hou Xangpheuk Channel 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Plan 6: Lateral sections of Hou Xangpheuk Channel showing maximum water depth 
 ranges of 2.31 to 3.79 m across 60 metres of stream width. 
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The detail photo below shows that the Khone Larne section consists of a relatively narrow 
and steep fall in the foreground and the large rock bar in the background (Photo 7). Arrows 
indicate the location of Phase 1 and Phase 2 modifications. 
 

 
 

 
 

 
 

 
 

 
 

 
 

A) This show the Phase 1 modifications to Khone Larne, were the bed-rock on the right 
bank needs to have a dry season fish passage channel cut into it to provide upstream 
passage past the falls, which will need to be completed before Hou Sahong is blocked 
with a coffer dam. 

B) This shows the Phase 2 modifications to Khone Larne, were the almost vertical falls 
section will need to be back filled using rock transported from the Project constructions 
works during the first year. 

The above modifications should have the same velocity and depth profiles as show below at 
Hou Sahong channel as an absolute maximum at any one point (Photo 8.), though the more 
conservative slope of 1:60 should apply for the overall modifications. 

 
 

 
 

 
 

 
 

 
 

 

A) Phase 1. 
B) Phase 2. Photo 7 Photo 8 
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5.4. Characteristics of the Hou Sadam Inlet and Outlet 
The inlet of Hou Sadam was surveyed in May 2010 to determine relative water depth 
compared to Hou Sahong (Plan 7.) which showed a depth range between 0.2 and 0.4 m Plan 
8) and the improvements are relatively simple; deepen the inlet to supply more water depth 
and flow in the dry season. 
Plan 7: General Plan of Hou Sadam Channel Inlet. 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

Plan 8: Lateral sections of Hou Sadam Channel Inlet 
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The outlet Hou Sadam was surveyed in May 2010 to determine relative water depth 
compared to Hou Sahong (Plan 9.) which showed a depth range between 0.5 and 1.25 m 
(Plan 10) and the improvements are relatively simple; dredge the outlet and line with rock to 
deepen the outlet and provide a concentrated flow to attract upstream migrating fish. 

Plan 9: General Plan of Hou Sadam Channel Outlet. 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Plan 10: Lateral sections of Hou Sadam Channel Outlet 
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5.5. Additional Measure to Improve Upstream Passage Success 
Enhanced Attraction Flow at Xangpheuk/Sahong Junction 

To improve the attraction flows into the Xangpheuk channel at its junction with the Hou 
Sahong outlet, an area where fish will be attracted to because of the turbine discharges,  
partial rock weir in the Xangpheuk channel adjacent and just upstream of the XP/Sahong 
junction should be constructed as part of the Phase 2 works. The weir should be of such a 
height that dry season flows are directed and concentrated from the right bank to the left bank 
(looking downstream), the cross section in the gap should have max water depth, velocities 
and turbulence not exceeding what currently exists in cross sections within the steeper 
reaches of the Sahong channel.  

Trap-and-Transport System Below Turbines 
To ensure that very large bodied fish are provided passage as quickly as possible and do not 
loiter below the turbines, a system of fish traps should be installed to allow direct transport 
around the GFL. The fish traps should be a minimum of 5x5m and deep enough to cover the 
expected tailwater range with a minimum depth of 2 m in the dry season - bays for these traps 
should be built at 25 metre intervals along both sides of the channel for the length of the 
Sahong channel below the dam. Double cone are required for each trap and the structural 
mesh size for these traps should be 50cm square (they may be covered with smaller mesh 
dependant on monitoring results), and they will require an electrical lifting systems as well as 
access to transport fish up to 300kg in size (vehicles access preferred). 
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6. Preliminary Details of Proposed Additional Fish Exclusion 
 Measures 
As noted in 4.2, the adaptive management approach will include preliminary design and 
construction of preparatory civil works for a possible future fish exclusion screen and bypass 
channel, as well as provision for behavioural or electric barriers. 
The preferred location for a fish exclusion screen and bypass channel would be at the elbow 
bend near the upstream end of the embankments. This location makes optimum use of the 
waterway width, depth and bend geometry that create suitable hydraulic conditions by 
working with the orientation of the flow around the right hand bend (looking in direction of 
flow) in the elbow. This location also provides good hydraulic conditions for an open, gravity 
bypass channel that will divert fish to the adjacent Hou Sadam (which itself will be improved 
for upstream passage as described elsewhere). Upstream-migrating fish will be excluded from 
entering the downstream end of the bypass channel.  
The topography where the bypass channel would be located is relatively flat. It would have to 
be worked through/across some existing rice paddy, and reconstruction and augmentation of 
replacement paddy would be incorporated in the overall scheme as required. Building of a 
structure and channel at this location also provides a possible opportunity to provide further 
assistance with irrigation, as the paddy at this location are elevated higher than any natural 
water course. 
A screen location at the powerhouse was considered and was discounted for a variety of 
reasons, including: 

§ The water course depth would require an unnecessarily high screen support structure. 

§ It is strongly desirable to isolate the powerhouse construction from as-yet unknown 
fish screen construction details. 

§ Avoids the need to bypass fish through a vertical descent of up to 20m, which would 
in itself be a significant structure.  

An additional benefit of the preferred upstream location is that the normal seasonal water 
level variation will be relatively small (~2.5m) compared with water level variation further 
downstream at the powerhouse. 
The powerhouse intake would incorporate a traditional trashrack, which would serve the dual 
purpose of excluding both debris and large fish. Such fish would be collected in several 
bypass traps and transferred downstream. 

The main features are shown in Plan 9. The note relating to “provision for monitoring” is 
covered in Section 7 below. 
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Plan 11: Concept design and Layout of Proposed Downstream Mitigation Measures 

 
 

 

7. Fisheries Monitoring and Action Plan (FishMAP) 
 

7.1. Introduction 
The DSHPP Fisheries Monitoring and Action Plan (FishMAP) proposed here for inclusion in 
the EIA, includes the alternative fish passages and fish pass as described in detail above and 
initiatives to improve fisheries management in the project area and its immediate vicinity 
through the introduction of alternative non-fisheries dependent livelihood systems to reduce 
fishing pressure on the three channels. 

Behavioural or electric barrier, 
potentially combined with a 
suitable log boom structure 

Bypass channel to Hou Sadam 

Civil works for possible 
future exclusion screen 
angled to provide suitable 
approach and sweeping 
velocity conditions 

Bulb turbines tested for fish 
passage characteristics and 
designed for fish-friendly 
operation 

Provision for monitoring of 
effective fish passage 

Trashrack at powerhouse with 
bar spacing to exclude large 
fish. Excluded fish to be caught 
and transferred downstream 



Fisheries Study in Hou Sahong, Hou Sadam & Hou Xangpheuk (June 2010) 

 
 

55 

FishMAP: Pre-construction Phase 

 
 
 
 

Item Actions Operations Responsibility 
PC1 Engage a long-term 

fisheries monitoring 
team with linkages to 
GoL line agencies. 

Develop and have reviewed by core expert group and the 
GoL a regular programme for monitoring of fisheries 
activities in the area, and specifically the three main 
channels in the Project footprint area. 

DSHPP and 
GoL 

PC2 Long-term fisheries 
monitoring team to 
gather a fisheries 
baseline dataset for 
use as a bench mark 
during construction 
and operational phases 
to evaluate impact 
mitigation and 
alternative livelihood 
development 
programme success. 

Monitor (pre-channel modification) daily fish catch-rates 
in fixed traps in the Hou Xangpheuk, Sahong and Sadam 
channels as a measure of migration intensity and 
localised area density of migratory fish. 

DSHPP and 
GoL. 

PC3 Monitor (pre-channel modification) peak larval fish 
downstream drift upstream and downstream of the major 
channels across the GFL to develop a model on drift 
intensity and survival across the GFL. 

DSHPP and 
GoL. 

PC4 Monitor household fishing effort, fish-catch and 
subsistence or commercial production activities in the six 
villages in the Project footprint area. 

DSHPP and 
GoL 

PC5 Monitor fish landings at Nakasang and Viengkham fish 
markets  

DSHPP  

PC6 Fund an annual trans-
boundary fisheries 
workshop 
 

Develop linkages between Cambodian and Lao fisheries 
line agencies by funding an annual workshop to promote 
an exchange of information and explore possible joint 
study opportunities and funding  

DSHPP  

PC7 Seek agreement with 
local communities on 
a system of annually 
renting fishing 
assets/areas s 

Negotiate with individual or collective households to 
rent (and not operate) fixed fish-traps in the three 
channels during Project construction and operational 
phase.  

DSHPP and 
GoL 

PC8 Negotiate with village and inter-village groupings to 
protect migratory pathway areas in and adjacent to the 
three channels during Project construction and 
operational phase (Ban Hou Sadam, Hang Sadam, Hou 
Sahong, Don Phapheng, Hang Khone and Esom).  

PC9 Undertake Phase 1 
modifications to 
improve fish passage 

In Hou Sadam channel, deepen the upstream inlet to 
increase dry season flow/depth, and dredge the 
downstream exit of the channel and place rock guiding 
walls to direct the flow towards the centre of the 
downstream main channel. 

DSHPP  

PC10 In Hou Xangpheuk, modify banks slopes at each channel 
constriction and modify the Khone Larne rock bar to 
provide year round fish passage channels.  

PC11 Undertake assessment 
of fish passage after 
Phase 1 modifications 

Assess success of fish passage improvements in Hou 
Sadam during the wet season by monitoring daily fish 
catch-rates in fixed traps and compare with pre-
modification intensity and localised area density of 
migratory fish in both upstream and downstream areas of 
the channel. 

DSHPP and 
GoL 

PC12 Assess success of fish passage improvements in Hou 
Xangpheuk during the wet season by monitoring daily 
fish catch-rates in fixed traps and compare with pre-
modification intensity and localised area density of 
migratory fish in both upstream and downstream areas of 
the channel 
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7.2. Construction Phase 
FishMAP: Construction Phase 

 
 
 
 
 
 
 
 
 
 
 
 
 

Item Actions Operations Responsibility 
C1 Compensate for 

Permanent Loss of 
Fishing Right in Hou 
Sahong 

Rent all fixed fish-traps and general area fishing 
rights in Hou Sahong channels as mentioned in PC9 
and PC10 (based on annually declining payments 
linked to alternative livelihood development success).  

DSHPP and 
GoL 

C2 Compensate for 
Construction Disturbance 
by Protecting Migratory 
Fish Pathways 

Rent all fixed fish-traps and general area fishing 
rights in Hou Xangpheuk and Hou Sadam channels 
as mentionedin PC9 and PC10 for duration of 
construction period  

DSHPP and 
GoL 

C3 Monitor fishing pressure in areas adjacent (upstream 
and downstream) of all three channels for duration of 
construction period and recommend FCZ if required 
as per PC3. 

DSHPP and 
GoL 

C4  Modification of 
Xangpheuk and Sadam 
channels 

Modify the two channels and asses their ability to 
provide adequate fish passage during the onset of the 
wet season will be undertaken before any works 
commences in the Sahong channel in the following 
dry season. 

DSHPP  

C5 Optimisation of the 
modification of 
Xangpheuk and Sadam 
channels 

After assessment the two channels will be modified if 
required before any works commences in the Sahong 
channel in the following dry season 

DSHPP  

C6 Minimisation of impacts 
during construction 

Fish, both from local fishers and direct sampling, 
plus a comprehensive water quality monitoring 
programmes will be needed in areas adjacent to the 
construction areas to evaluate construction impacts 
and guide impacts reduction. 

DSHPP  

C7 Fisheries monitoring team 
to monitor and evaluate 
impact mitigation success 
compared to baseline 
dataset. 

Monitor daily fish catch-rates in selectively operated 
(by employing traditional owners) fixed traps in the 
Hou Xangpheuk and Sadam channels as a measure of 
migration intensity and localised area density of 
migratory fish. 

DSHPP 

C8 Monitor peak larval fish downstream drift upstream 
and downstream of the channels across the GFL. 

DSHPP 

C9 Monitor household fishing effort, fish-catch and 
subsistence or commercial production activities in the 
project area and document changes over time and 
investigate if project related. 

DSHPP 

C10 Monitor fish landings at Nakasang and Viengkham 
fish markets and document changes over time and 
investigate if project related. 

DSHPP  
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7.3. Operational Phase (10 Years or longer if necessary) 
FishMAP: Operational Phase 

 
7.4. Budget. 
Please refer to EIA documents for details of integrated environmental and social mitigation 
and monitoring budgets. 

Item Actions Operations Responsibility 
O1 Upstream Passage Monitor daily fish catch-rates in selectively operated 

(by employed traditional owners) fixed traps in the 
Hou Xangpheuk and Sadam channels as a measure of 
migration intensity and localised area density of 
migratory fish, combined with direct sampling of 
accumulation zones. 

DSHPP and 
GoL 

O2 Downstream Drift Monitor peak larval fish downstream drift of the three 
major channels across the GFL, and in particular 
monitor survival through DSHPP. 

DSHPP  

O3 Fish Survival Rate 
Through Turbines 

Monitor downstream passage of fish through DSHPP 
to quantify survival rate and evaluate fish friendly 
performance. DSHPP commits to implementing fish 
screens and bypass channel if monitoring results 
indicate that 95% effective fish passage overall is not 
being achieved. 

DSHPP  

O4 Household Livelihood 
Development 

Monitor household fish-catch to provide feedback on 
the success of alternative livelihood programmes 
effect on reducing household’s reliance on fisheries 
income. 

DSHPP  

O5 Ongoing Optimisation of 
Fish Passage Mitigations  

Evaluate the success of all Project mitigation efforts 
against pre-project conditions, and make 
modifications as required to reach those targets. This 
measure is intended to apply over the operating life of 
the project. 

DSHPP and 
GoL 

O6 Community Co-
management 

Provide support to local villagers to ensure that 
community co-management groups are adequately 
resourced, trained, provided with technical 
monitoring and advice. 

DSHPP and 
GoL 

O7 General Area Fisheries 
Monitoring and Patrolling 

Work with the Community Co-management groups, 
district and provincial fisheries offices to monitor and 
enforce fisheries regulations and exclusion zones 
established around the Project  

DSHPP, 
Villagers and 
GoL 

O8 Extension of Project 
Benefits and Lesson 
Learned 

Provide funding for workshops and review studies by 
Lao fisheries resource managers, educators, 
community organisations, other riparian countries 
fisheries line agencies and international NGO’s so 
that the benefits of the Projects experiences are made 
available to other communities and the institutional  

DSHPP 
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Appendix 1: General Description of the Project as Supplied by 
DSHPP 
The layout is largely similar to that proposed in the original FS, except that a bridge is 
proposed for both construction and permanent access to the island of Don Sahong and the 
new facilities, instead of a barge arrangement. The Figure below shows the final proposed 
layout and main features. 

Proposed Project Layout 
The scheme comprises a 240MW power station in the form of a reinforced concrete barrage 
structure at the downstream end of the Hou Sahong channel, with embankment sections 
returning along the islands of Don Sadam and Don Sahong that border the Hou Sahong, all of 
which will form a small reservoir or headpond bounded within the embankments on these 
two islands.  

The powerhouse barrage spans the 100m wide (approx.) Hou Sahong with a maximum height 
of about 30m. The generating plant is proposed to comprise 4 x 60MW Bulb turbine 
generating sets, and the powerhouse barrage will thus contain the full power waterway from 
power intake to draft tube outlet. The impounding embankments are approximately 7 km 
length in total, with height varying from 22m at the downstream end to 0m at the upstream 
end. Two embankment forms are considered in this report, Concrete Faced Rockfill (CFR) 
and Faced Symmetrical Hardfill (FSH). The cost comparison indicated the costs for both are 
similar, and final selection will be made during detailed design. Based on a design flood level 
for the 1000 year ARI flood of RL 76.0, the crest level of the barrage and impounding 
embankments will be either RL 76.5 (FSH) or RL 77.0 (CFR), which is consistent with the 
recommendations in the publication “Lao Electric Power Technical Standards”.  
There are no hydraulic control structures at the headworks, and the water level in the 
headpond is therefore entirely governed by the natural water level in the Mekong River at the 
Hou Sahong inlet, and the flow through the power station. Accordingly the volume of water 
impounded and the impoundment surface area vary with water level, and time of year. The 
storage available in the headpond is relatively small which means that there is no substantial 
capability to regulate power station flows or to stop and start the station on demand. The 
absence of storage means that any water available that is not used for generation is spilled, 
which means that the power station dispatch must closely follow the natural river patterns to 
maximize utilization. 

A summary of the main project features is given below. 
 
Basin and Main River Characteristics 
Catchment area – project site km2 553,000 
Mekong flows at Pakse (catchment 545,000 km2): 
Mean flow m3/s 10,120 
Median flow (exceeded 50% of time) m3/s 5,000 
Maximum recorded average daily flow m3/s 57,800 
Minimum recorded average daily flow m3/s 1,060 
 
Headpond Reservoir 
Maximum impoundment area within embankments ha 263 
Headwater level at inlet: RL,m 
Minimum operating RL,m 69.7 
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95% exceeded RL,m 70.3 
Mean RL,m 71.3 
5% exceeded RL,m 73.2 
Headwater level – 50% AEP flood (1:2 year) RL,m 75.1 
Headwater level – 0.1% AEP flood (1:1000 year) RL,m 76.0 
 
Power & Energy 
Discharge 
Design station discharge m3/s 1,600 
Average station discharge m3/s 1328 
Average station discharge – wettest year (1982) m3/s 1,408 
Average station discharge – driest year (1993) m3/s 1,213 
Net Head 
Rated head m 17.0 
Average head m 17.4 
Maximum head m 21.3 
Minimum head m 13.3 
Power 
Installed capacity MW 240 
Average Power MW 201 
Power exceeded 90% of the time MW 133 
 
Parameters Unit Data 
Power exceeded 95% of the time MW 116 
Average wet season Power (Jun-Nov) MW 231 
Average dry season Power (Dec-May) MW 169 
Energy (total at station metering point) 
Annual average GWh 1756 
Wettest year GWh 1858 
Driest year GWh 1638 
Energy (total atDelivery Point) 
Annual average GWh 1558 
Wettest year GWh 1649 
Driest year GWh 1464 
 
Project structures 
 
Embankment 
Dam type CFR or FSH 
Crest elevation RL,m 77.0 or 76.5 
Crest length km 7.0 
Maximum height m 22.5 
Emergency Spillway: 
Type Free/ungated 
Crest elevation RL,m 76.0 
Crest length m 800 
 
Powerhouse 
Type Open 
Unit Capacity MW 60 
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Unit numbers 4 
Turbine Bulb 
Design station discharge m3/s 1600 
Powerhouse dimension (substructure) mxm 88 x 79 
 
Switchyard 
Type Outdoor 
Voltage kV 230 
Dimension mxm 115 x 80 
 
Transmission 
230 kV Transmission line 
Type Double-circuit AC 
Origin 230kV switchyard 
Destination New 500kV collector 
Length km 126 
500 kV Transmission line (by Owner) 
Type Double-circuit AC 
Origin New 500kV collector 
Destination Border Delivery Pt 
Length km 51 
500 kV Transmission line (by EGAT) 
Type Double-circuit AC 
Origin Border Delivery Pt 
Destination Ubon 3 
Length km 45 (approx) 

 
Summary & Conclusion 
The investigations and assessments undertaken as part of finalising the feasibility studies 
have targeted the key risk areas identified by the review of the original feasibility studies, 
namely the hydraulics of the Mekong River (in particular the proportion of flow that could 
practically be diverted for generation), the geology, and uncertainties around the 
transmission. As a result, the key project risks are now sufficiently defined and understood to 
the point where conclusions and recommendations relating to the scheme concept design and 
its technical and commercial feasibility can reasonably be reported.  

The reported cost estimates are considered sufficient to provide for construction of industry-
accepted quality and for state-of-the-art plant and equipment available from reputable 
international suppliers. The hydraulic and energy modelling is based on a robust 27 year flow 
record and is considered appropriate for feasibility level reporting. The financial evaluations 
undertaken on the basis of our independent modelling indicate that the 240MW Don Sahong 
Hydropower Project as proposed herein is technically and commercially feasible.  

Construction of the project meets the aims of the Government of Laos to promote the export 
of electrical energy to neighbouring countries so as to expedite economic growth in order to 
alleviate poverty and achieve its social development goals, and is in accordance with the aim 
of the Mekong River Commission’s Hydropower Development Strategy;  
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The efficient and socio-economically and environmentally appropriate generation and 
distribution of hydropower in the riparian countries, in a cooperative and well co-
ordinated way, is promoted;  

its immediate objective that;  

Hydropower resources of the Mekong mainstream and its tributaries are developed 
according to true least-cost planning, fully considering environmental and social 
impacts;  

and its basic vision that;  

The increasing demand for affordable electric energy in the MRC member countries 
is met with minimal negative impacts on the environment and local people, thereby 
promoting economic growth for the countries’ mutual benefit 
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Appendix 2: List of Fishing gear, intensity of use and season 
employed in the Khone Falls Area (Baran et al., 2005) 
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Appendix 3: List of migratory species observed in household 
catches and local knowledge on the timing of those migrations 
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Appendix 4: List of species by vulnerability and contribution to 
catch (from Kshatriya and Halls, in press) 

   Guilds 2,3,8,9 All Guilds (121607 kg) 

Family ScienceName Guild 

Total  
Weight 
(kg) 

Cumulative 
weight (kg) 

Cumulative 
(%)  

% of total 
catch 

Cumulative 
%  

Cyprinidae Henicorhynchus siamensis 3 9838 9838 21 8.09 8.1 
Cyprinidae Henicorhynchus lobatus 3 4946 14784 32 4.07 12.2 
Cyprinidae Cosmochilus harmandi 3 3489 18273 39 2.87 15.0 
Pangasiidae Pangasius conchophilus 2 2516 20789 44 2.07 17.1 
Cyprinidae Paralaubuca typus 3 2013 22801 49 1.65 18.8 
Gyrinocheilidae Gyrinocheilus pennocki 2 1976 24778 53 1.63 20.4 
Pangasiidae Helicophagus waandersii 2 1925 26703 57 1.58 22.0 
Palaeomonidae Macrobrachium sp. 9 1854 28557 61 1.52 23.5 
Cyprinidae Hypsibarbus malcolmi 2 1798 30354 65 1.48 25.0 
Cynoglossidae Cynoglossus microlepis 2 1606 31960 68 1.32 26.3 
Cyprinidae Cyclocheilichthys enoplos 3 1346 33306 71 1.11 27.4 
Cyprinidae Luciosoma bleekeri 3 1281 34587 74 1.05 28.4 
Pangasiidae Pangasius kunyit 2 1149 35736 76 0.94 29.4 
Pangasiidae Pangasius macronema 2 977 36713 78 0.80 30.2 
Cobitidae Botia helodes 3 849 37562 80 0.70 30.9 
Cyprinidae Puntioplites proctozysron 3 780 38342 82 0.64 31.5 
Pangasiidae Pangasius polyuranodon 2 725 39068 83 0.60 32.1 
Pangasiidae Pangasius larnaudii 2 697 39765 85 0.57 32.7 
Pangasiidae Pangasius krempfi 2 596 40361 86 0.49 33.2 
Cyprinidae Cirrhinus microlepis 3 503 40864 87 0.41 33.6 
Cyprinidae Hypsibarbus lagleri 2 460 41323 88 0.38 34.0 
Pangasiidae Pangasianodon hypophthalmus 2 451 41774 89 0.37 34.4 
Cobitidae Botia modesta 3 449 42223 90 0.37 34.7 
Cyprinidae Labiobarbus siamensis 3 421 42643 91 0.35 35.1 
Cyprinidae Mekongina erythrospila 2 401 43045 92 0.33 35.4 
Pangasiidae Pangasius bocourti 2 399 43443 93 0.33 35.7 
Sisoridae Bagarius suchus 2 369 43812 94 0.30 36.0 
Cyprinidae Probarbus jullieni 2 330 44143 94 0.27 36.3 
Cyprinidae Hypsibarbus wetmorei 2 329 44471 95 0.27 36.6 
Cyprinidae Cyclocheilichthys furcatus 2 309 44781 96 0.25 36.8 
Schilbeidae Clupisoma sinensis 2 298 45078 96 0.24 37.1 
Cyprinidae Bangana behri 2 286 45365 97 0.24 37.3 
Cyprinidae Amblyrhynchichthys truncatus 3 213 45577 97 0.17 37.5 
Cyprinidae Bangana sp. 2 194 45771 98 0.16 37.6 
Pangasiidae Pangasius micronemus 2 139 45911 98 0.11 37.8 
Cyprinidae Probarbus labeamajor 2 121 46032 98 0.10 37.9 
Dasyatidae Dasyatis laosensis 2 116 46149 99 0.10 37.9 
Pangasiidae Pangasius pleurotaenia 2 116 46265 99 0.10 38.0 
Cobitidae Botia sp. cf. lecontei 2 99 46364 99 0.08 38.1 
Soleidae Brachirus harmandi 2 68 46432 99 0.06 38.2 
Pangasiidae Pangasius pangasius 2 58 46491 99 0.05 38.2 
Cyprinidae Garra fasciacauda 2 56 46547 99 0.05 38.3 
Pangasiidae Pangasius siamensis 2 51 46598 100 0.04 38.3 
Clupeidae Tenualosa thibaudeaui 8 41 46639 100 0.03 38.4 
Engraulidae Lycothrissa crocodilus 8 35 46674 100 0.03 38.4 
Cyprinidae Cirrhinus prosemion 3 31 46705 100 0.03 38.4 
Pangasiidae Pangasius spp. 2 23 46728 100 0.02 38.4 
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Siluridae Kryptopterus bicirrhis 2 15 46743 100 0.01 38.4 
Pangasiidae Pangasianodon gigas 2 13 46756 100 0.01 38.4 
Cyprinidae Osteochilus waandersii 2 10 46766 100 0.01 38.5 
Megalopidae Megalops cyprinoides 9 9 46775 100 0.01 38.5 
Cyprinidae Puntioplites bulu 2 8 46782 100 0.01 38.5 
Cobitidae Botia sp. cf. beauforti 2 6 46789 100 0.01 38.5 
Clupeidae Tenualosa toli 8 4 46793 100 0.00 38.5 
Anguillidae Anguilla marmorata 9 2 46796 100 0.00 38.5 
Cyprinidae Cirrhinus molitorella 3 2 46798 100 0.00 38.5 
Cyprinidae Puntioplites waandersi 2 1 46799 100 0.00 38.5 
Cyprinidae Aaptosyax grypus 2 0 46800 100 0.00 38.5 
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Appendix 5: Larval drift species 
 

Sample 
code 

Family, Genus 
or Species Level 

Identification 
Possible 

Length (mm) Weight  (g) sample 
condition 

Characteristic 

LS#1 No catch       
LS#02 ? TL 10 BD 0.007 Destroyed may 

be from bad 
preservation 

DFR 10 or 11, AFR 7, CFR has 
fork shape with 21  

LS#02 ? TL 13.4 BD 0.021 Destroyed may 
be from bad 
preservation 

DFR 11, AFR 7+1, CFR has 
sharply fork shape with 21 

LS#03 ? TL 10.7 BD 0.009 Destroyed may 
be from bad 
preservation 

DFR 9 (8+1),AFR 11+1, CFR 
could not count due to tail 
destroyed, Three pair of 
barbells one of them is snout 
and two of mandible. 

LS#03 Cyprinidae TL 3.3 BD 0.004 Perfect DFR, ANR, CFR not develop 
yet, Yolk sac has very long 
shape.  

LS#03 Siluridae  TL 8.4 BD 0.0038 Perfect DFR may be  5, AFR about 8, 
yolk has nearly pear shaped, 2-
3 pair of barbells 

LS#03 Siluridae  TL 6.1 BD 0.003 Perfect DFR, AFR remain , not 
developed yet, CFR start to 
develop in some part, slender 
body big head. 

LS#03 Cyprinidae TL 5.9 BD 0.003 Perfect DFR, AFR, PFR remain a 
membrane look like, body has 
slender shape, Yolk has long 
shape. 

LS#04 Hemibagrus 
wyckioides 

TL 19.9 BD 0.059 Perfect DF well developed with I+v 
and AF xxiv 

LS#04 Channa striata TL 7.7 BD 0.003 Perfect Big head like sneak head, 
dorsal fin remain a membrane 
and extend from just above 
pectoral fin base, anal fin start 
at middle of the body and 
extended to the end most of the 
body. 

LS#04 Hemisilurus 
mekongensis 

TL 7.5 BD 0.002 Perfect Flat head and compress head, 
with very depressed body, Anal 
fish is extend perform very 
long fish 

LS#04 Wallago attu TL 6.6 BD 0.003 Perfect Big head with barbell body is 
slender 

LS#04 Cyprinidae TL 8.4 BD 0.006 Perfect AF well developed its ray fin 
I+xxx 

LS#05 Pangasius sp. TL 11 BD 0.024 Perfect  

LS#05 Gobiidae TL 10.3 BD 0.06 Perfect  
LS#05 Channa striata TL 6.5 BD 0.002 Perfect  
LS#05 Micronema 

apogon 
TL 7.2 BD 0.004 Perfect  

LS#06 Siluridae  TL 606 BD 0.004 Perfect  
LS#06 Crossocheilus 

atrilines 
TL 2506 BD 0.201 Perfect Black tripe start from snout and 

horizontally expand to the mid 
of caudal fin base 
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LS#06 Crossocheilus 
atrilines 

TL 16.5 BD 0.058 Perfect Black tripe start from snout and 
horizontally expand to the mid 
of caudal fin base 

LS#06 Crossocheilus 
atrilines 

TL 13.4 BD 0.04 Perfect Black tripe start from snout and 
horizontally expand to the mid 
of caudal fin base 

LS#06 Crossocheilus 
atrilines 

TL 16.4 BD 0.55 Perfect Black tripe start from snout and 
horizontally expand to the mid 
of caudal fin base 

LS#06 Crossocheilus 
atrilines 

TL 10.9 BD 0.03 Perfect Black tripe start from snout and 
horizontally expand to the mid 
of caudal fin base 

LS#06 Crossocheilus 
atrilines 

TL 10 BD 0.022 Perfect Black tripe start from snout and 
horizontally expand to the mid 
of caudal fin base 

LS#06 Gobiidae, 
Oxyeleotris 
marmorata 

TL 13.461 BD 0.025 Perfect Pectoral Fin adhesive in one 

LS#06 Hemibagrus 
nemurus 

TL 19.742 BD 0.11 Perfect long barbell reaching to Anal 
fin, Both dorsal fin has seen 
well developed  

LS#06 Pangasius ? TL 9.67 BD 0.008 Perfect Three pair of barbells, Head is 
big but depressed with 
compressed body like sheath 
fish. 

LS#06 ? TL 6.341 BD 0.002 Perfect Dorsal fin I+iv, big eye 
locating just behind the mouth 
angle, Barbells absence(may be 
been destroyed), Body is 
slender shape 

LS#07 ? TL 49.1 BD 1.541 Perfect DF I+viii+1/2, Ll 33-34,AF 
I+vii+1 

LS#07 ? TL 11.188 BD 0.306 Perfect PF I+vii+1 
LS#07 Crossocheilus 

atrilines 
TL 15.3 BD 0.053 Perfect  

LS#07 Crossocheilus 
atrilines 

TL 15.173 BD 0.054 Perfect  

LS#07 Crossocheilus 
atrilines 

TL 16.25 BD 0.042 Perfect  

LS#07 Sisoridae TL 9.272 BD 0.008 Perfect DF I+vii/viii, AF is 
underdeveloping (membrane), 
Barbel at mouth angle has of 
those Bagarius, and two pair of 
mandible barbels 

LS#07 Laides 
longibarbus 

TL 18.3 BD 0.06 Perfect  

LS#07 Channa sp.1 TL 7.366 BD 0.003 Perfect  
LS#07 Gobiidae TL 7.596 BD 0.002 Perfect  
LS#07 Parambassis 

apogonotus 
TL 7.772 BD 0.006 Perfect  

LS#07 ? TL 7.028 BD 0.006 Perfect DF I+iii, AF xxxxii, but three 
pair of barbels with big 
depressed head 

LS#08 H. nemurus TL 8.159 BD 0.001 Perfect Long barbell and pass at the 
posterior part of yolk sac, All 
fin is seen undeveloped, yolk 
sac has round shape, with small 
body. 

LS#08 Gobiidae TL 5.646 BD 0.0009 Perfect Mouth locate just in front of 
eye, big eye, big mouth, upper 
jaw is shorter than lower jaw 
that expand exceed upper jaw,  
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LS#08 Cyprinidae TL 6.359 BD 0.0009 Perfect yolk sac has long shape and 
slender 

LS#09 H. wyckioides TL 10.613 BD 0.004 Perfect Long barbells locate at the 
mouth angle and reaching to 
anal fin base origin 

LS#09 Bagridae TL 8.173 BD 0.001 Perfect Two pair of barbells, one of 
them is from mandible and 
another is at mouth angle 
which is long barbell yolk is 
round 

LS#09 Bagarius TL 7.42 BD 0.003 Perfect one pair of flat barbell like of 
bagarius, yolk has slender 
shape, on the abdomen view 
there is found a pair of pearl 
just behind the mouth. The 
second barbell is located at the 
snout of fish 

LS#10 Bagridae TL 17.744 BD 0.026 Perfect Barbell present and long 
reaching to anal fin base origin, 
the mandible barbell is 
reaching to pectoral fins base 
origin, DF I+vii, First fin 
become serrated spine with 11 
serrated, two dorsal fins , the 
second DF is adipose, mouth 
inferior, small eye, AF xxxii-
xxxiii with not spine in the 
first. 

LS#11 Gobiidae TL 43.8 BD 0.763 Perfect Mouth superior and with grove 
in between snout and lip, no 
barbells DF is I+81/2, first DF 
ray is serrated spine with 13, 
Pectoral Fin i+15+1/2, Pel F 
I+ix, AF I+vi with non serrated  
spine, Ll 37-38, Lateral line 
end to mid of caudal fin base. 

LS#12 Oxyeleotris 
marmorata 

TL 9.209 BD 0.002 Perfect No barbel, snout has round 
shape like of those snake head 
fish, yolk sac elongate shape. 
Upper mouth separate from 
snout by grove, mouth angle 
not reach to anterior part of 
eye, eye locate above the 
mouth angle. 

LS#13B Hemibagrus 
wyckioides 

TL 15.7 BD 0.035 Perfect Well develop of nearly all fins, 
DF I+vii, AF xxxviii, CF xix, 
and there are three pairs of 
barbells 

LS#13B Hemibagrus 
wyckioides 

TL 10.2 BD 0.007 Perfect AF well developed its ray fin 
xxiv, CF xx 

LS#13B Gobiidae 
(Oxyeleotris 
mamorata) 

TL 6.7 BD 0.002 Perfect All fin are at the stage in 
membrane, big head, barbells 
absence, two eyes are close to 
each other when seen on the 
top view.   

 


