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Annex 1.1: NHI Team of Technical Experts

1)

2)

3)

4)

5)

Mr. Gregory Thomas, Project Manager/Chief of Party

Mr. Thomas has over 35 years of experience as an environmental advocate, professor, and
project manager. In addition to practicing natural resources law and planning, for the past 26
years Mr. Thomas has served as the founder and president of NHI. In this capacity, he has
spearheaded many international projects focused on improving the management of developed
river systems to protect biodiversity and restore natural values and environmental services,
which have aggregated to several million USD in scale. His areas of expertise include water
resources management and planning, hydropower reoperation, energy policy, international
environmental law and conservation, and building negotiations and consensus processes for
natural resources management projects.

Mr. George Annandale, Dam Engineering and Sediment Management Expert

Dr. Annandale has more than 40 years of experience as a civil engineer specializing in water
resources engineering. He offers services in the field of fluvial hydraulics, design and
engineering; reservoir and water supply management; and hydrology and hydraulics. As a
recognized expert in reservoir sedimentation management he has published numerous peer-
reviewed papers and is author, co-author and contributing author to eight books on
sedimentation and scour. He was named by International Water Power and Dam Construction as
one of 20 engineers who globally made a significant contribution to dam engineering.

Mr. Lilao Bouapao, Social Science Expert

Dr. Bouapao has over 20 years of experience in social sciences, water resources management,
statistics and project management in tropical environments in Lao PDR, Viet Nam, Thailand and
Cambodia. He is familiar with the environmental and social issues and key stakeholders involved
in development efforts in SE Asia. His has served as a senior advisor to the International Finance
Corporation, the Mekong River Commission and the Department of Water Resources of the
Ministry of Natural Resources and Environment of Lao PDR. For the latter, he worked on the
development of the Nam Ou River Basin Profile, revisions to the Lao PDR Water Law, and
contributions to the Water Resources Strategy and Policy in Lao PDR. He has also provided
advice on environmental and social aspects of the Nam Theun 2 Hydropower Project and the
Don Sahong Hydropower Project for the power companies.

Mr. Kent Hortle, Fishery Mitigation Expert

Kent Hortle has many years of experience as a project manager or specialist in fisheries and
aquatic ecosystem assessment and management, mostly in developing countries such as Indo-
China, Indonesia and Papua New Guinea. As an Adjunct Research Fellow at Charles Sturt
University, Australia, and an independent consultant, Mr. Hortle has completed or contributed
to more than 100 reports or publications, presented at several conferences on fish biology or
limnology, and worked with clients such as the Don Sahong Hydropower Company, Challenge
Programme on Water and Food, the Mekong River Commission (MRC), WorldFish, and Wetland
Research & Management. His most recent full-time positions included Chief Technical Advisor
for the MRC (2009-2011), Coordinator for the Assessment of Mekong Capture Fisheries Project
(2001-2005), and management of the Environmental Monitoring Program for PT Freeport
Indonesia (1995-2001). He holds a BSc Honours in Zoology from Monash University.

Mr. Erland Jensen, Informatics Expert

Mr. Jensen has worked in a variety of positions in the Mekong River basin, including as a Chief
Technical Advisor for the Mekong River Commission Secretariat and DANIDA. His expertise spans
environmental impact analysis related to hydropower development, climate change, hydrology,
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6)

7)

8)

9)

10

11

12

—

~

~

sediment dynamics, nutrient processes and carbon balance to primary production and to
fisheries productivity.

Mr. Prakash Kaini, Hydraulic Engineering Expert

Mr. Kaini is an experienced hydraulic engineer from Nepal with a PhD in Water Resources from
Southern lllinois University, Carbondale, and a Masters in Hydropower Engineering from the
Norwegian University of Science and Technology. He has held positions wiith Golder Associates
in Colorado and is currently employed by the City of Aurora in Colorado. He has authored and
co-authored several reports, articles and conference papers, including “Maintaining Sediment
Flows through Hydropower Dams in the Mekong River Basin” that was co-authored with other
members of the NHI Team and published in the Journal of Water Resources Planning and
Management.

Mr. Philip Knight, Global Information Systems (GIS) Expert

Mr. Mathias Kondolf, Fluvial Geomorphology Expert

Dr. Kondolf is a fluvial geomorphologist, environmental planner and Professor of hydrology, river
restoration and environmental planning at the University of California, Berkeley. His current
research includes the Lower Colorado, Sacramento, Trinity, and Klamath Rivers of
California/Oregon; the Apalachicola River, Florida; and the Lower Mekong River.

Mr. Martin Mallen-Cooper, Fishery Science and Fishway Biology Expert

Dr. Mallen-Cooper has been a fishway biologist for 30 years and has designed over 200 fishways
in Australia and overseas, from fish locks and fish lifts on large dams to low-level pool-type and
nature-like fishways. He works closely with engineers, managers and diverse interest groups, to
develop solutions that are not only site-based but integrate ecological objectives over different
spatial scales.

Mr. Peter Meier, Hydropower Economy Expert

Dr. Meier is a hydropower economist and consultant to the World Bank with extensive
experience in risk assessment, and economic and financial analysis of hydro projects (in Asia
including Trung Son (Vietnam), Dasu and Tarbela (Pakistan), Rampur and the Upper Krishna
power projects (India), Nam Theun 2 (Laos)). He was formerly Chief Economist of Asia Power (a
New Zealand based IPP), and has also advised ADB, KfwW, UNDP, JBIC and many Governments
(India, Philippines, and Vietnam) on tariff and power sector reforms, PPAs, environmental
economics and investment appraisal.

Mr. Peter-John Meynell, Environmental and Natural Resources Expert

Peter-John is a freshwater biologist with more than 30 years of experience in dealing with
environmental and development issues in South East Asia, South Asia and Southern and Central
Africa. As well as being the team leader of the International Centre for Environmental
Management’s MK3 (Optimising Cascades or Systems of Reservoirs in Small Catchments) Project,
he has led research in enhancing ecological diversity of reservoirs with constructed wetlands and
environmental flow regimes.

Mr. Thomas B. Wild, Hydrologic and Sediment Modeling Expert

Dr. Wild is a Postdoctoral Fellow at the School of Civil and Environmental Engineering, Atkinson
Center for a Sustainable Future at Cornell University. His specialty is developing and applying
new modeling tools for solving water resources and environmental problems, especially in the
areas of storm water management, fluvial water quality, and reservoir sediment management.
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Annex 3.1:

Hydrology and Fisheries Analysis Conclusions

Prepared by Erland Jensen, 2016.

Figure 3.1-1. Map showing locations for fisheries catch, Dai fisheries, Lee trap fisheries, migration, larval drift and general
catch in Cambodia. Data from these stations is used for analysis in technical reports (see reference list for details).
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Definitions

Trend: Is an underlying pattern of behaviour in a time series, which could be partly or nearly
completely hidden by the recognized amounts of unexplained variation in the time series
(noise).

Variability: Denotes how stretched or squeezed a distribution is. Variability is typically

measured by the quotient of mean and standard deviation.

Change: Is the transition from one state to another significantly different state, e.g. change in
variability or trend. A a = 5% significance level is used.
See: https://en.wikipedia.org/wiki/Type I and type Il errors#Type I error

Trigger: An event that causes a particular action, process, or situation.
Pulse: A rapid rise in discharge.
Pulse rate: Change in discharge between 500 m3/s and 2500 m3/s per day.

Monotonic: A function is called monotonic if and only if it is either entirely increasing or
decreasing.

Overfishing: The practice of commercial and non-commercial fishing which depletes a fishery by
catching so many adult fish that not enough remain to breed and maintain the population.
Overfishing exceeds the carrying capacity* of a fishery. (*the supportable population of a species,
given the food, habitat conditions and other resources available within a fishery.)

CPUE: Catch per Unit Effort.

Hydrology
Change in water level

Downstream river water level changes due to the operation of hydropower dams was predicted
by modelling (see [A]), and is now supported by monitoring by Mekong River Commission
Secretariat (MRCS). For the Chinese dams the changes gradually took place after 2008 when the
large Xiaowan and Nouzhadu dams were filled and commissioned. For the Viethamese dams the
changes gradually took place between 2002 and 2008, with the large dams Yali and Sesan 4
starting operation 2002 and 2010.

The change to higher water level in the dry season and lower water level in the wet season is
documented by the hydrographs from Chiang Saen for the Chinese dams and from Ban Kamphun
for the Vietnamese dams. The change is documented further downstream e.g. at the Prek Kdam
station in the Tonle Sap River. The time when the up-going water level passes the long-term
mean is delayed. The time when the down-going water level passes the long-term mean is also
delayed, see Figures 3.1-2, 3.1-3 and 3.1-4.

These delays are evident in the hydrographs showing stages at Chiang Saen in the years 2004 to
2015, see Figure 3.1-5. In the years 2004-05 the water level follows the average (although with
large fluctuations) but gradually, the delay appears and becomes very visible in 2014 and 2015
(see Figure 3.1-5).
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Figure 3.1-2. Water level at Chiang Saen in Thailand south of the Chinese — Thai border. The black line shows long term
average. The average from 1960 to 2008 is compared to the average from 2009-2015 where the Chinese dams were
filling and commissioned (Green line), and to year 2014 as the most different from average year (red line).

Figure 3.1-3. Water level at Ban Kamphun covering the Se San and Sre Pok rivers. The black line shows long term
average. The average from 1960 to 2001 is compared to the average from 2002-2008 where the Vietnamese dams were
filling and commissioned (Green line), and to year 2008 as the most different year from average (red line). (The Yali dam

was commissioned in 2010 and not included.)

Figure 3.1-4. Water level at Prek Kdam 35 km into the Tonle Sap River showing the same trend as at Chiang Saen and Ban
Kamphun. The black line shows long term average.
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Figure 3.1-5. Water level at Chiang Saen from 2004-2015, long term average (blue) and by years (red) showing the
gradual increased delay and change of water level in the dry and wet seasons.

Change of timing of in — out flow to the Tonle Sap Lake

The timing of the inflow and outflow to and from the Tonle Sap Lake has been rather constant
during the years 1960-1971 and 1991 to 2014. The inflow is more chaotic than the outflow and
can have several reversals, especially during the dry season, where small differences in water
level between Phnom Penh port and Prek Kdam occurs. The inflow during the period 2009-
2014 is on average delayed by 15 days and the out flow by 10 days compared to the long-term
average form 1960-2008, see Table 3.1-1. These delays may not be significate but may reflect
the delay of the up-going stage, see Figure 3.1-6.

Table 3.1-1. In flow 'Start day' of year was defined as the reversal from outflow to
inflow with at least 20 days of consecutive inflow. In flow ‘End day’ of year was
defined as the reversal from inflow to outflow with at least 50 days of consecutive
outflow. (The 20 and 50 days excludes minor fluctuations.)

Table 1 Inflow day Outflow day
Avg 2009-14 | Avg 60-08 Avg 2009-14 | Avg 60-08

Average 193.8 179.0 279.8 269.8
Diff
Stdv 13.4 24.8 9.0 13.0

T.test 60-08 to 09-14 T.test 60-08 to 09-14

0.057 0.046

T.test, two tailed, different variance, a=0.05

*Exclusive 1972-1990 because of invalid data.
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Figure 3.1-6. Prek Kdam hydrograph and Tonle Sap (TS) in and outflow average start end days 1960-08 ( ) and 2009-
14 (Brown). Delay up and Down are the days between the long term daily average 1960-2008 (Blue graph) and the 2009-
2015 daily average (Green graph) passing the annual average 1960-2008 (black line), 21 and 14 days respectively (Right
Braces).

Change in the monsoon

No significant changes in the onset and offset of the monsoon (measured by precipitation) was
found and therefore cannot have caused the changes in water level, delay of the up and down-
going water levels and inflow to the Tonle Sap Lake, see [A].

Daily peaking and hourly variations

Hydropower creates daily and hourly variations in water level and discharge, typically during
the evening. The variations created by Vietnamese dams are visible at the Ban Don and Voeun
Sai monitoring station where water level peaks daily. At Ban Don the peaks are around 1-2
meters and at Voeun Sai around 0.5 meters, see Figure 3.1-7 and Figure 3.1-8.

= Precipitation—WaterLevel AlarmLevel (169.90) m —FloodLevel (170.30) m

Figure 3.1-7. Ban Don hydrograph showing daily peaking of 1-2 meters. Ban Don station is just below the Sre Pok 4
hydropower dam.
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Figure 3.1-8. Variations in Water level at Voeun Sai monitoring station from 15 min sample frequencies. The peak
water level marked with red dots. Hour 21:00 is marked with vertical bars. The daily peaking is around 0.5 meter. The
Voeun Sai monitoring station is about 200 km downstream of the Vietnamese dams on the upper Sre Pok River. This
distance delays the peaking from around 18:00 hours at the dam to around 21:00 hours at the monitoring station.

Fisheries

The yearly fish cycle for migratory species is assessed by the Dai catch fisheries, the Lee trap
fisheries, the general catch and the larvae migration in combination with the MRCS hydrological
data. Only species marked as important in the MRCS Fisheries databases were included.
Examples of the combined data is shown in Figure 3.1-9 and 3.1-10.

Figure 3.1-9. Combination of in-out flow to — from the Tonle Sap Lake Light blue line —pos=out, neg=in), water level at
Prek Kdam (dark blue line), Dai catch (Light blue bars), lee trap catch (Yellow dots with black point), general catch (green
dots —shown in negative) and Lunar phases Q2 and Q3 (Yellow-green dots forming tilted bars. For details, see [D], [E] and

(F].
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Figure 3.1-10. Combination of Tonle Sap Discharge (red and blue), Discharge at Pakse and Stung Treng, Larvae
concentrations from MRCS databases (Brown dots —log scale), Larvae concentrations (Black dots log scale -Regional
survey 2009), peak pulses with high larvae concentrations (Yellow dots on Stung Treng discharge). For further details,
see [B].

The conclusions from the hydrological and fisheries datasets are:

e The Dai catch documents the out migration from the Tonle Sap Lake of migratory
species. The large out migration normally starts in October and ends in February the
following year (see Figure 3.1-9).

Three triggers (T1, T2, T3) that all must occur were identified: (i) Down going water
stage, (ii) reversal to outflow from the Tonle Sap Lake and (iii) Lunar phases Q2 and
Q3. (See the light blue bars in Figure 9 that peak when the moon is in phase Q3 and
Q4.) (Lunar phases: Four phases from new moon, first quarter, full moon and last
quarter. Here the terms Q1, Q2, Q3 and Q4 are used.). For close up of Triggers, see
example in Figure 3.1-12 and [D].

e The Lee trap catch documents the upstream migration from refuge in the mainstream
to spawning grounds into Lao PDR and into the 3S and other Cambodian tributaries.
This takes place at the start of the up-going water stage, typically from May-June to
October. In 2009, the Lee trap monitoring continued into December and showed a
continuous migration.

One trigger (T4) was identified: The start of the up going water stage (see Figure 3.1-
12).

e The general catch data show a continuous steady level over the year for mainstream
stations. Tonle Sap Lake stations show the same peak at out migration time as the Dai
catch. (See green dots in Figure 3.1-12, showed in negative to provide space in the
graph and Figure 3.1-11A and 3.1-11B.)

The max length, the number of individual species and weight show no monotonic
change over the period from 2003-2013, indicating that overfishing does not take
place and that variations in catch therefore is related to the changes in hydrology. (See
[C]). However, individual species show monotonic decline in catch and max length,
indicating overfishing for such species, while others show monotonic increase
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indicating they take over habitat from declining species (Peng Bun et al., 2015). Such
changes may also be caused by habitat, climate or hydrological changes.

No trigger identified.

Figure 3.1-11A. Max length of species per sample show no monotonic change.

Figure 3.1-11B: Total weight per Sample show no monotonic change.

e The larval drift data from the national Cambodia larvae sampling places TS=Tonle Sap
River and MU= Chaktomuk both LB=Left Bank, RB=Right bank and MB= Mid River
were used (brown dots) and data from the RS=Regional survey 2009 (Black dots)
(see Figure 3.1-12). In 2009, the regional survey (Black dots) and the national
survey (Brown dots) show similar results but the regional survey spanned a longer
period and show larvae concentrations also outside the national sampling period.
Figure 3.1-10 shows the data sampling periods (Triangles on the -8000 line) and the
larvae concentrations (log10 scale) per sample.

The concentrations vary from very low to very high in synchronization with major
discharge pulses, here measured at Stung Treng (Yellow dots on the green Stung

Treng curve). Even when the stable inflow to the Tonle Sap Lake has not started,
spawning takes place, see years 2009-2010 in Figure 3.1-10.

One trigger identified (T5). The trigger for spawning is therefore the onset of major

pulses, with a rate (Increase) of 500-2500 m3/s*day. See [B] for details.

The regional larvae survey (Black dots in Figure 3.1-10 and Figure 3.1-12) sampling
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in March and November-December show that larvae are drifting -and spawning takes
place- also in the dry period.

Annual Migration Cycle

Based on the above observations the annual cycle of migration and spawning for floodplain
species, driven by specific triggers, can be established.

Starting with the out migration from the flood plains (Refuge migration) triggered by falling
water level in the Mekong at start of outflow from the Tonle Sap Lake and the occurrence of
Lunar phases Q1 and Q2 (Triggers T1, T2 and T3), see Figure 3.1-12. As the flood plains
disappear, the out migration is for refuge in the mainstream (deep pools) in the dry season.

Triggered by the next up-going stage (Trigger T4), migration further up-streams passing the
Khong Falls and into tributaries in Cambodia and Lao PDR takes place (Upstream migration -
spawning).

Spawning is triggered by high discharge pulses (Trigger T5) and larvae drift along with the pulse
where different velocities and distances merge larvae of different ages between 2-50 days.
Spawning takes place even if the inflow into the Tonle Sap Lake has not started (Larvae drift
into the Vietnamese floodplains). When pulses are strong enough to reverse the flow into the
lake, larvae drift with the current into the lake / flooded areas and the cycle continues over
again (Major larvae drift period). See Figure 3.1-12.
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T1

Figure 3.1-12. Example overview from Figures 9 and 10 of periods of migration, refuge, spawning and triggers (T1-T5). Note
the larvae drift scale is a log10 scale. The larvae concentration is measured in numbers per unit volume of water.

DaiCatch Big: Cath of big fish in the Tonle Sap River during out migration end of the wet season.

Change In: Reversal of flow into the Tonle Sap Lake.

Change Out: reversal to flow out of the Tonle sap lake.

ST Pulses: Pulses measured at the Stung Treng Hydro-meteorological station

Survey 2009 at MU: Regional larvae survey at Mukdahan (Same place as the national surveys take place)

Change in Fisheries Catch by Hydrological Changes

During the period 2008-2013, only important species from Kandal Sang var, Kratie Koh khne,
Ratanakiri Day Lo, Stung Treng Ou Run, Ratanakiri Fang, Stung Treng Pres Bang stations were
used.

In Halls et al. (2013), a relation between a calculated Flood Index (FI; see definition in Table 2

explanation box and details in [A] and Halls et al, 2013) and Dai catch by Weight and CPUE,
provides a model to estimate these values based on the Flood Index.
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“The model explains almost 70% of the variation in the observed catch rates .... and the model
residuals are reasonably well behaved” (Halls et al, 203). See explanation box under Table 3.1-2.

The remaining variation may be explained later by changes in Nutrients and Oxygen
concentrations etc.

Using the model formulas, the expected mean sampled fish weight and CPUE is calculated for the
periods 1991-2007 and for 2008-2014, indicating that the decline in the period 2008-2014 is
related to the FI. (See Table 3.1-1. Explanation box.)

Table 3.1-2. *Mean sampled fish weight (all species combined) (Kg).

Period FI Weight (kg) CPUE Correlation R2

Avg 91-07 642266 0.011906 | 235.3466 | 2004-14 Weight per haul - FI 0.78
Avg 08-14 491227 0.009886 | 184.6469 | 2004-14 Weight per haul - TF 0.81
% diff 76.48 83.03 78.46 | TF-FI 0.90

Table 3.1-2. Explanation box: (TS-GL: Tonle Sap Lake--Great Lake)
“A flood index (Fl) is used to quantify both the extent and duration of the flood each year, (y):

Where (FAy,d) is the flooded area of the TS-GL System in year (y) on day (d), measured above the mean
flooded area for the model period 1 January 1997 to 31 March 2009. Fly =5d (FAy,d)” (Halls et al., 2013).

“The model predicts that fish biomass, indicated by the mean daily catch rate of a daj unit during the fishing
season (October—March), increases exponentially with the (F/)... as follows:

CPUE = 83.88.e1.6063£-06*F1 (Halls et al., 2013).

“The relationship between mean sampled fish weight (all species combined) and the flood index with fitted
exponential model. Weight = 0.0054e1.231E-06F/. R2 = 0.59” (Halls et al., 2013).

The Flood Index is an approximation of the total through put of water in the Tonle Sap Lake, see
Figure 3.1-13. The correlation between the Flood Index (FI) and the total Flow (TF) is 0.90, see
Table 3.1-2. Relating the catch weight per haul to FI and TF gives high correlation coefficients.
For the period 2004-2014, the coefficients are 0.78 and 0.81, indicating that the TF is a slightly
better parameter than FI explaining the variations in Dai catch, see Figure 3.1-13.

Figure 3.1-13. Tonle Sap Lake total in and out flow, Flood Index and Dai catch by weight of all species. Note the constant
inflow around 40 km>/Y.
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The calculated decrease in table 1 in weight and CPUE can be explained by the change in total
water volume in The Tonle Sap Lake, not by change in inflow from the Mekong River, which was

almost constant around 40.2 km3/Y with a standard deviation of 7.5 km3/Y. The large
variations if Total Flow (TF) comes from the Tonle Sap Lake catchment itself, see Figure 3.1-13.
The expected change in inflow because of change in water level in the dry and wet seasons (See
Figures 3.1-2-4) has so far not changed the Mekong inflow volume.

That the inflow is still almost constant may be due to the large variations in actual discharge (in
and out) of the Tonle Sap Lake at specific water level differences between Phnom Penh Port and
Prek Kdam stations, see Figure 3.1-14. The inflow timing related to the water level at Kampong
Luang in the Tonle Sap Lake defines the actual discharge and therefore even lower water levels
during the flooding season may still provide the same inflow volume.

Figure 3.1-14. In (blue —negative) and Out (brown —positive) flow versus water level difference between Phnom Penh
Port (PP) and Prek Kdam (PK) stations. For a specific water level, different large discharge variations can take place
dependent on the concurrent water level at Kampong Luang in the Tonle Sap Lake. Note that for larger water level

differences both for in and out flow the max discharge stabilizes around -5000 and 10000 m3/s (See polynomial
regression curves).

General Migration Trends

The general migration in the Mekong River was analysed for three groups of fish, Mainstream
Longitudinal, Tributary longitudinal and Floodplain habitat lateral species. The migration data is
from the MRCS migration database for the years 1999 and 2000.

The pattern for floodplain species and for the Lee trap fisheries is the same with a bulk following
the up going stage, see [E].

Tributary species follow this migration pattern but with two bulks per Year, one at the up going
stage and one at the beginning of the dry season.

The riverine species (Mainstream) show migration pattern all year although with bulks in
January and June, see Figures 3.1-15 and 3.1-16. For details see [F].

The all year migration can explain the large concentration of larvae monitored through the
year and the extraordinary high concentrations during the floodplain fish migration during
the up going stage, see [B].
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Figure 3.1-15. Up migration of Mainstream Longitudinal, Tributary longitudinal and Floodplain habitat lateral species. The
‘Number of Migrating species’ (N=17483) contains the total number of species found in the samples. The discharge (QH) is
from Stung Treng average 1910-2015.

Figure 3.1-16. Down migration of Mainstream Longitudinal, Tributary longitudinal and Floodplain habitat lateral species.
The ‘Number of Migrating species’ (N=17483) contains the total number of species found in the samples. The discharge
(QH) is from Stung Treng average 1910-2015.

Conclusion

The conclusion is that migration takes place all year round, both for seeking refuge and for
spawning. The present changes in hydrology to higher water levels in the dry season, lower in
the wet season, the delay raising and receding stages and the delay of the annual inflow to the
Tonle Sap Lake has not influenced the migration and spawning as no overall variation in max
length of fish, weight or CPUE was found.

For some larger species monotonic decline in max length and catch has been reported as well as
monotonic increase for other species (Peng Bun et al.,, 2015). This may indicate overfishing of
the large valuable species.

The rather large variations in catch can be explained by the variations in the Flood Index (FI) or
slightly better by the Total Flow (TF) passing through the floodplains.
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Introduction

The Srepok, Sesan and Se Kong (Xe Kong) rivers (“3S”) make up the largest tributary system
in the lower Mekong River system, downstream of Khone Falls. They are critical habitats
for migratory fish, which move within these systems and between the Mekong. The Lower Sesan
2 Dam, which is almost complete, blocks the Sesan and Srepok rivers from fish migration and
replaces a large section of flowing riverine habitat with the lake-like habitat of a reservoir; this
leaves the Xe Kong River as the only remaining free-flowing large tributary in the lower
Mekong.

Hydropower dams are proposed for the Xe Kong River and the opportunity remains to do this
strategically to minimize loses to fish production and livelihoods, and thereby minimize impacts
on people. A key to fish productivity in the region is the migration of fish, which has been well
established by many authors (Dugan et al, 2010). Migrations of Mekong fish species into
tributaries are well known and many artisanal fisheries are based around these migrations;
however, the extent and distance that these migrations penetrate upstream in the Xe Kong
River are unknown.

In the upper Xe Kong River the Tat Kalang waterfalls are reported to be 20 m high creating a
barrier to fish migration (Baird and Shoemaker, 2008), but there are no specific hydraulic or
physical data about the site to confirm this. The falls are located close to the Xe Kong 5
Hydropower Project dam site. The objective of this report is to provide information on what we
do know about the Mekong—Xe Kong fish migration and also to assess the extent that the Tat
Kalang falls are a barrier to fish migration, and thereby to inform a strategic hydropower plan.

Timing of the Fish Migrations in the Xe Kong River!
A wet season spawning migration

Based on anecdotal evidence, perhaps over 50 species of fish begin moving up the Xe Kong at
the beginning of the rainy season in late April, May and June when waters begin to rise in the Xe
Kong mainstream and its tributaries (Warren and Chantavong, 2013). The origins of the
migration are from two main sources: 1) dry season refuge habitats (deep pools) in the Mekong
mainstream in Cambodia close to the confluence of the Xe Kong and the Mekong, and 2) dry
season refuge habitats (deep pools) in the lower and middle sections of the Xe Kong
mainstream. The fish that arrive at the confluence have traveled there from the Tonle Sap Great
Lake of Cambodia. At some stage in late December, and apparently under the influence of the
full moon lunar phase, the density of fish (many of them small species less than 15 cm total
length) reaches such a magnitude that its very presence triggers an upstream, non-
reproductive, density-dependent migration.

There is little published data about fish migrations in the Xe Kong River Basin (see Figure 3.2-1).
Baird (1995a), reported that the majority of fish species in the Sesan River in northeast
Cambodia migrate to and from the Sesan River and the Mekong at various times of the year to
spawn and shelter in the shallows, streams, pools and rice fields. Given that the Xe Kong has
many similar characteristics, it is likely that the situation there is similar (Baird and Shoemaker,
2008). Baird et al. (1999) present information about the migrations of many species of fishes in

1
Excerpts from a report by Terry Warren, prepared for the Natural Heritage Institute in 2016.
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the Xe Kong Basin in Laos. However, “there is certainly much about the migrations of even the
most important fish species that has yet to be documented” (Baird and Shoemaker, 2008).
Some of the main fish migrations in the Xe Kong Basin are tentatively outlined below (Baird and
Shoemaker, 2008).

May to July

“Every year during this period when the monsoon rains arrive and the rivers and streams start
to swell, many species of fish begin to migrate up the Xe Kong from the Mekong, and from the
lower areas of the Xe Kong into smaller tributaries. At this time, fish also migrate up the Sesan
and Srepok Rivers (Baird, 1995a).

Some of the most prominent species that migrate at this time of year are the medium-sized
cyprinid carps (“white fish”), Scaphognathops bandanensis (Pa pian), 2 Mekongina erythrospila
(pa sa-i), Labeo erythropterus (now Labeo pierrei) (Pa va souang), Bangana behri (pa va na no),
Hypsibarbus malcolmi (pa pak kom), Cirrhinus molitorella (pa keng), and possibly others. Most
of these species enter tributaries to spawn during the monsoon season (Baird and Flaherty,
2004).

At around the same time of year, a number of species of “black fish,” including Channa striata
(Pa kho), Clarias batratchus (Pa douk), Systomus orphoides (Pa pok), Trichogaster spp. (Pa
kadeut), Rasbora spp. (Pa sieu ao), and others, also enter streams and other wetlands, including
lowland rice fields, where they reproduce (Baird et al.,, 1999, cited by Baird and Shoemaker,
2008). Also in May, a number of Pangasid catfish enter the Xe Kong from the Mekong River. One
large species is Pangasius krempfi (Pa souay hang leuang), which migrates up the Mekong from
the sea and brackish water areas in the Mekong Delta of Vietnam to spawn in freshwater during
the rainy season (Roberts and Baird, 1995a; Hogan et al, 2004, 2007, cited in Baird and
Shoemaker, 2008). Other Pangasid catfishes migrate up the Xe Kong from the Mekong during
this period, including Pangasius larnaudei (Pa peung), Pangasius hypophthalmus (Pa souay
kheo), Pangasius bocourti (Pa nyang), and Pangasius macronema (Pa nyone thamada) (Baird et
al. 1999; 2004 cited by Baird and Shoemaker, 2008). In addition, other large catfishes, Wallago
attu (Pa khao) and Wallago leeri (Pa khoun), migrate up the Xe Kong’s tributaries at the
beginning of the rainy season” (Baird and Shoemaker, 2008).
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Figure 3.2-1. A map of the Xe Kong Basin showing the major cities, towns, provinces, districts and major river systems
throughout the Xe Kong Basin in Laos (copied here with kind permission of Baird and Shoemaker, 2008).

July to September

At the height of the rainy season, between July and September, Labeo erythropterus (now Labeo
pierrei) (Pa va souang) and Bangana behri (Pa va na no) migrate upriver and spawn near the
surface of the water and in the middle of the channel of the Xe Kong. This happens both in the
upper river in Kaleum District and in lower parts in Sanamxay District. Local people call the
spawning behavior of this species Pa oke peo, which means “the fish go out to the main part of
the channel”. Floating gill nets (mong lai) are used to catch large spawning individuals at this
time of year. These fish are caught throughout the mainstream Xe Kong River, but also along the
Xe Kaman, where individual species can reach up to 20 kg. In the mainstream Xe Kong, some of
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these large L. erythropterus reportedly reach 20-30 kg. Sa Khe Village in Samakhixay District is
one of the main communities involved in the fishery.

September to November

Wallago attu (Pa khao) and Wallago leeri (Pa khoun) migrate out of some medium sized
lowland tributary streams, such as the Xe Khampho, Xe Pian, Tangao and Khaliang, at the end of
the rainy season, and form part of important bagnet (chip) fisheries associated with this
movement of these very large predatory fish. At the end of the monsoon season, many species
of fish begin retreating from streams and wetlands, and move into larger perennial water
bodies, especially large rivers. At this time, fence-filter traps (tone) and wing traps (li) are used
to catch them. This is one of the most important fisheries for rural people in the Xe Kong Basin.
It is the time of year when the largest quantities of fish are caught; often enough to make fish
paste (Pa dek) for consumption throughout the year. People from many ethnic groups, and
especially ethnic Lao people, also dry fish as “Pa katao” or simply “Pa tao” during this season,
but it is especially common for dried fish to be prepared in the dry season. At this time, the
Pangasius krempfi (Pa souay hang leuang) that migrated upriver at the beginning of the rainy
season all migrate downriver into Cambodia and later Vietnam (Hogan et al. 2004; 2007, cited
by Baird and Shoemaker, 2008). However, there are no fisheries associated with these
migrations, as they probably travel down the strongest part of the main channel, where fishing
is not possible at this time of year. Other large Pangasid catfish also move downriver, although
some stay in deep-water areas for the duration of the dry season. The medium-sized cyprinid
carps, Scaphognathops bandanensis (Pa pian), Mekongina erythrospila (Pa sa-i), Hypsibarbus
malcolmi (Pa pak kom), Labeo erythropterus (Pa va souang), Bangana behri (Pa van na no),
Cirrhinus molitorella (Pa keng), and others also migrate out of the Xe Kong’s tributaries, moving
back in to the Mekong at Stung Treng, northeast Cambodia. These fish then move down the
Mekong, where they congregate near a place called Tong Deng in Khmer or Thong Deng in Lao
near the Stung Treng-Kratie provincial border. Strangely enough, they then turn around and
begin migrating up the Mekong past Khone Falls, with some migrating upriver as far as
Thailand” (Baird and Flaherty, 2004).

December to January

“During this season, large Probarbus jullieni (Pa eun dta deng) and Probarbus labeamajor (Pa
eun khao) cyprinid carps migrate short distances for spawning purposes (Baird, 2006b, cited in
Baird and Shoemaker, 2008). Villagers living along the lower Xe Kaman claim that these species
are mainly found in the mainstream Xe Kong channel. There are various places along the Xe
Kong where they are well-known, such as Ta-neum Village in Lamam District.

February to March

As water levels drop, large numbers of small cyprinids, including Henicorhynchus lobatus (Pa
soi houa lem), H. siamensis (Pa soi houa po), Paralaubuca typus (Pa tep), Labiobarbus
leptocheilus (Pa lang khon), Lobocheilus melanotaenia (Pa khiang khang lai), Cirrhinus
microlepis (Pa phone mak koke), Botia spp. (Pa mou man), Crossocheilus reticulatus (Pa toke
thoi), Thynnichthys thynnoides (Pa koum), and a number of others migrate from the Great Lake
and Tonle sap River in the south up the Mekong and eventually into the Xe Kong. Baird et al.
(2003, cited by Baird and Shoemaker, 2008), estimated that at least thirty-two species migrate
up to Khone Falls from the Great Lake in Cambodia each year, and the same species are believed
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to migrate from the Great Lake up the Mekong and then to the Xe Kong in southern Laos.
Essentially, these fish all migrate up the Mekong with some continuing upriver passed the Xe
Kong confluence at Stung Treng town and others turning right into the Xe Kong (left bank
tributary). Local people believe that these fish migrate back downriver at the beginning of the
rainy season, although some may remain in the Xe Kong Basin all year. Baird et al. (2003, cited
by Baird and Shoemaker, 2008) have demonstrated that the timing of these fish migrations is
closely linked to lunar phases, although hydrological factors are also a significant factor
(Warren et al., 1998).

On the Xe Xou, the fish are able to move upriver via the Xe Kong and Xe Kaman, to as far as the
large rapids called “Pha Phawng” or “Brawng” in Brao. On both the Xe Kong and the Xe Xou
rivers, large dams are now planned for, and these will represent bio-geographical barriers for
fish migrations. On 24 February 2004, the first author observed large schools of
Henicorhynchus lobatus (Treu riel in Brao and Pa soi in the Lao language) moving up the Nam
Kong from the Xe Kong near Viangxai Village, which is about 18 km upstream from the mouth of
the Nam Kong. Ethnic Brao villagers said that, for the Nam Kong, fish are able to migrate
upriver as far as the Tat Heu Mam Waterfalls, which is about 20 km upstream from Viangxai and
reaches 50 m in height during the dry season. During this season, there are also important
migrations of small loach fish Nemacheilus and, or Schistura spp. (Pa it) up the Xe Kong and
other large rivers in the basin. These fish do not move together with Henicorhynchus lobatus
(Pa soi), but migrate along the edge of the Xe Kong during approximately the same season. In
recent years, Pa soi runs have declined but Pa it migrations have become relatively more
important to local livelihoods. These species are much more important for Xe Kong Basin
livelihoods than they are for those living near the mainstream Mekong. All the fish species
mentioned above are consumed by humans, and are of importance to local people” (Baird and
Shoemaker, 2008).

Pa soi migrations: the farther up, the fewer fish

Henicorhynchus spp. (Pa soi) populations that migrate up the Xe Kong have long been extremely
important for the livelihoods of local people. Henicorhynchus spp. are the most numerous of the
approximately thirty-two species of small cyprinid fishes that migrate up the Xe Kong from the
Cambodian Great Lake (Baird et al. 2003, cited by Baird and Shoemaker, 2008). However, in
recent years the populations of these migratory species have become smaller and less frequent
within the Xe Kong system. For example, in Sompoi Village, Sanamxay District, near the
Cambodian border, there were reportedly three significant runs of Henicorhynchus up the
mainstream Xe Kong River in 2004. However, upriver there were fewer migrations noticed by
fishers. For example, in Done Chan Village, Lamam District, at the southern border with Attapeu,
fishers reported two Pa soi migrations up the Xe Kong in 2004, but in the same year only one Pa
soi migration was observed in Nava Keng Luang and Ta-neum villages, in Lamam District, not far
upriver from Xe Kong City. Further upriver, north of Kaleum District center, in Kloung, Talang
Mai, and Lai Po Villages, fishers reported that, historically, Pa soi used to migrate passed their
villages every year, but that for the last three or four years they had not seen any!

These observations by fishers are significant in the light of recent claims by the MRC and the
Department of Fisheries in Cambodia that Henicorhynchus spp. migrations from the Great Lake
are not in decline, but that populations are instead fluctuating based on differences in annual
flooding, with more flooding resulting in higher fish populations (see, for example, Hortle et al,,
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2005, cited by Baird and Shoemaker, 2008). While hydrological factors are critical for Mekong
fish production, including the species in question, the situation is likely to be much more
complicated than annual fish production being based on hydrological factors alone. Other
management factors certainly affect these fish stocks. Locals are claiming that the populations
have steadily declined over a decade or so, with seasonal fluctuations based on hydrological
patterns playing a role. Meusch et al. (2003, cited by Baird and Shoemaker, 2008), found that
many of the households that they studied in Attapeu claim that they are no longer able to catch
enough fish to preserve sufficient quantities of Pa dek (fermented fish) to eat over the year. This
is probably largely due to declines in Pa soi migrations.

It appears likely that the main purpose of Pa soi fish migrations during the dry season is to
distribute the population over a wide area so as to optimize these algae eaters’ feeding
opportunities (Roberts and Warren, 1994; Roberts and Baird, 1995; Baird et al., 2003, cited by
Baird and Shoemaker, 2008). This means that Pa soi migrate upriver until reaching a point
where the density of their numbers is below a certain level. If the density remains below this
level, the migration will go no further. If the density increases above that level, the Pa soi
migration will continue until another point where low density is reached and maintained, or the
fish will migrate upriver as far as they physically can, before encountering bio-geographical
barriers, in order to optimize their density within the maximum available habitat. This is likely
why Pa soi migrations were observed every year in the past as far up the Xe Kong as Kaleum
District, but in recent years they have not been seen. There are few, if any, fish reaching this
part of the basin compared to previous years. This could either be because there are just as
many fish as before, but they are being caught before they get far upriver, or because there are
fewer fish overall than in the past.
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Table 3.2-1. Summary of some of the main Mekong — Xe Kong Basin fish migrations referred to in this report.

Timing of Important River Specific places | Direction and from | Main triggers
migrations families systems along Xe Kong | where to where
involved involved where approximately
migration is
known to pass
Late April, Cyprinidae, Mekong, Xe | Attapeu, Xe Upstream from deep | Rising water and
May and June | Siluridae, Kong, Sesan | Kong City. pool habitats in the general changes
(warren and Bagridae, and Srepok. Cambodian Mekong, in physical and
Chantavong, Sisoridae deep pool habitats in | chemical
2013). and the Xe Kong and characteristics.
Pangasiidae. highly likely the Great
Lake in Cambodia.
May to July Cyprinidae Mekong, Xe | Attapeu, Xe Bi-directional and As above.
(Baird and and other Kong, Sesan | Kong City. enter tributaries for
Flaherty, families, but | and Srepok. spawning and later
2004). Cyprinidae is for dry-season refuge
dominant. in lower reaches of
rivers in deep pools.
July to Cyprinidae Mekong and | Upstream Upstream spawning As above.
September and other Xe Kong. around Old migration.
(Baird and families, but Kaleum and
Flaherty, Cyprinidae is Sanamxay
2004). dominant. District. Xa Khe
Village in
Samakhixay
District.
September to | Cyprinidae, Xe General Downstream from Xe | Falling water
November Siluridae and | Khampho, movement Kong tributaries back | level.
(Baird and certain Xe Pian, downstream into the Xe Kong and
Flaherty, members of | Tangao, past all major eventually the
2004). Pangasiidae. | Khaliang cities and Mekong in northeast
streams, Xe villages. Cambodia close to
Kong and Thong Deng (Lao
Mekong language). After a
period of
recuperation, some
species then start
moving back
upstream again and
may even reach areas
in Thai international
waters.
December to Cyprinidae Xe Kong Ta-neum Village, | Possibly bi-directional | Lunar cycle and
January (Baird | and Lamam and moving water level.
and Flaherty, specifically specifically to
2004). two large historical breeding
species of sites (deep pools) for
barbine spawning over a few
Cyprinid days of weeks.
belonging to
the
Probarbus
genus).
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Timing of Important | River Specific places | Direction and from Main
migrations families systems along Xe Kong | where to where triggers
involved involved where approximately

migration is
known to pass
February to Cyprinidae is | Great Lake of | Stung Treng, Upstream to the 3S As above.
March (Baird dominant, Cambodia, Attapeu and Xe rivers and then migrate
and Flaherty, but Tonle Sap Kong City, Old back downstream
2004). Cobitidae River, Kaleum in again at the beginning
also Mekong, Xe Kaleum District, of the wet season,
important. Kong and Xe Viangxai Village some having already
Xou. on the Nam spawned.
Kong, Sompoi
Village in
Sanamxay
District, Done
Chan Village,

Lamam District
and Nava Keng
Luang and Ta-
neum Villages in

Lamam District. .

Figure 3.2-2. Location of migration MRCS monitoring sites.
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Analysis of Migration Data: 1999-2000

Definitions

Trend: Is an underlying pattern of behaviour in a time series, which could be partly or nearly
completely hidden by the recognized amounts of unexplained variation in the time series
(noise).

Variability: Denotes how stretched or squeezed a distribution is. Variability is typically
measured by the quotients of mean and standard deviation.

Change: Is the transition from one state to another significantly different state, ex change in
variability or trend. A 5% significance level is used (p <0.05).

Trigger: An event that is the cause of a particular action, process, or situation.

Pulse: A rapid rise in water level and discharge of more than 500 m3/s per day to 2500
m3/day.

Pulse rate: Change in discharge per day (m3/s per day).

Monotonic: A function is called monotonic if and only if it is either entirely increasing or
decreasing.

Overfishing: The practice of commercial and non-commercial fishing which depletes a fishery
by catching so many adult fish that not enough remain to breed and replenish the population.
Overfishing exceeds the carrying capacity of a fishery.

Migration monitoring

The specific purpose of this analysis is to assess any monotonic trends in the migration
monitoring data from 1999-2001, the period where migration data is available in the Mekong
River Commission Secretariat (MRCS) fisheries database (see Figure 3.2-2).

The migration data is classified per species into three migration groups:
1. Mainstream Longitudinal,
2. Tributary longitudinal and
3. Floodplain habitat lateral.

Up and downstream migration is registered with monthly intervals as start and end months.
Analysis is done for the Whole Mekong system, the 3S system and for the Xe Kong system.

The main aim is to get a temporal overview of the migration time for the three migration groups,
both for up and downstream migration and relations to the flood pulse measured at Stung Treng

average 1910-2015. For the riverine species, this is compared to the Dai catch and the Lee trap
catch timing.
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Migration timing—for all of the Mekong

Figure 3.2-3. Up migration of Mainstream Longitudinal, Tributary longitudinal and Floodplain habitat lateral species. The
‘Number of Migrating species’ (N=17483) contains the total number of species found in the samples. The discharge (QH) is
from Stung Treng average 1910-2015.

For the upstream migration, the floodplain species bulk corresponds to the Lee trap catch bulk
upstream migration during the up going water stage in June - July, where floodplain species
continue their up migration after refuge in the river (deep pools) during the dry season (Blue
curve).

The tributary species also follow this pattern, but have an additional bulk early in the year
around February (Red curve). The Riverine species migrate all year at a largely constant rate
(Green curve); see Figure 3.2-3.

The flood plain species down migration timing shows two bulks, one right after the major
upstream migration in July - August and one around October, similar to the tributary bulks
(see Figure 3.2-4).

Figure 3.2-4. Down migration of Mainstream Longitudinal, Tributary longitudinal and Floodplain habitat lateral species. The
‘Number of Migrating species’ (N=17483) contains the total number of species found in the samples. The discharge (QH) is
from Stung Treng average 1910-2015.
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The mainstream longitudinal migration species show variation during the year, but have
migration all year in line with the all year up migration shown in Figure 3.2-3.

This combination of floodplain and riverine species up and down migration can explain the
year- round concentration of larvae drift. During the up going stage, the highest larvae
concentrations are found as both floodplain and riverine species migrate for spawning, while
the lower concentrations the rest of the year may be due to the riverine species distribution
over the year.

Migration timing — pr. species

Reducing the total number observations to one observation per species for both up and down
migration gives a similar picture as in Figures 3.2-3 and 3.2-4. At the peaks of up migration
around 20-25 species were recorded and at the peak down migration of riverine species alone,
about 25-35 species were recorded (see Figures 3.2-4 and 3.2-6). A total of 119 different
migratory species were recorded migrating either up and/or down.

Figure 3.2-5. Up migration of Mainstream Longitudinal, Tributary longitudinal and Floodplain habitat lateral species. The
‘Number of Migrating species’ (N=119) contains the total number of individual species found in the samples. The discharge
(QH) is from Stung Treng average 1910-2015.

Figure 3.2-6. Down migration of Mainstream Longitudinal, Tributary longitudinal and Floodplain habitat lateral species. The
‘Number of Migrating species’ (N=119) contains the total number individual species found in the samples. The discharge
(QH) is from Stung Treng 1910-2015.
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Migration timing — Xe Khong

For the Xe Khong watershed, the variations are the same as for all of the Mekong migration (See
Figures 3.2-3-4 and 3.2-7-8).

Figure 3.2-7. Up migration of Mainstream Longitudinal, Tributary longitudinal and Floodplain habitat lateral species on the
Xekhong River. The ‘Number of Migrating species’ (N=498) contains the total number of species found in the samples. The
discharge (QH) is from Stung Treng average 1910-2015.

Figure 3.2-8. Down migration of Mainstream Longitudinal, Tributary longitudinal and Floodplain habitat lateral species on
the Xekhong river. The ‘Number of Migrating species’ (N=498) contains the total number of species found in the samples.
The discharge (QH) is from Stung Treng average 1910-2015.

Conclusions

The migration of Mainstream Longitudinal, Tributary Longitudinal and Floodplain Habitat
Lateral species show distinct variations over the year for floodplain and tributary species both
up and down, while mainstream species migrate up and down all year.

Migration is partly for refuge in deep pools during the dry season for floodplain and tributary
species and for spawning for all species.

The timing with spawning can be seen in the larvae report (Annex 3.4 in this Master Plan).
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Fish Migration Barriers in the Upper Xe Kong River and Developing Least-Impact
Hydropower?

Methods

An on-site survey was done on 3-7 April 2016. Access was by road to the Xe Kong River 6.3 km
upstream of the Tat Kalang Waterfalls and the survey was done by kayak over two days,
finishing 12.8 km downstream of the most upstream waterfall. GPS coordinates, photographs
and video were taken of the falls, habitats were recorded and fisher’s catches were examined
where possible.

Figures 3.2-9 and 3.2-10 show the reach surveyed in relation to the catchment and major
features.

Reach surveyed by NHI, April

Figure 3.2-9. Profile of Xe Kong River showing major features, planned mainstem hydropower (Meynell 2014), and the
reach surveyed by NHI in April 2016.

2
Prepared by Martin Mallen-Cooper and Erland Jensen for the Natural Heritage Institute.
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Figure 3.2-10. Map of the Se Kong catchment showing SWAT boundaries, deep pools (green symbols), rapids (pink
symbols) (Meynell, 2014); and the reach surveyed by NHI in April 2016.
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Results
Hydraulics — Fish Barrier

The Tat Kalang Waterfalls are a series of rapids rather than waterfalls. There are three main
rapids and other smaller rapids which are spread over 12 river km and fall approximately 40
m from 287 m elevation to 248 m. The three main rapids (Table 3.2-2) have changes in
elevation of 1 to 4 m but these are not vertical drops that are consistent across the river. The
rapids have variable but low gradients with side channels that can be considered
consistently passable by fish at low and high flows. We observed them at low flows and
around all rapids there were paths of low water velocity and turbulence easily passable by
fish.

Passage at high flows can also be inferred from the geomorphology. High water marks were
visible on the sides of the valley and these regions had high roughness of large rocks; these
create zones of low water velocity and turbulence at high flows which provide for the passage
of fish. Direct evidence of these zones is shown by the numerous small deposits of sand on the
sides of the channel. These were on the downstream sides of boulders, indicating the
presence of low water velocities on the channel edge at high flows, which enables sand grains to
settle.

From these observations, we conclude these rapids are not a barrier to fish movement at low
or high flows.

Table 3.2-2. Locations of Tat Kalang rapids. Note that the elevations from the GPS are only accurate to within a few
meters.

Rapid Longitude Latitude Elevation
1 106.942527 15.984870 287.57
2 106.940934 15.982977 283.25
3 106.939363 15.980957 282.77

Figure 3.2-11. Rapid 1 showing high water velocity in the middle. On the edges are low water velocities passable by fish.
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Figure 3.2-12. Rapid 3 showing a 1 m drop but low water velocities and low turbulence on the sides
that are passable by fish.
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Figure 3.2-13. Another small typical rapid.

Fish Catches

As this is a single survey of a short reach of river over two days in one season, it can only be
considered a “snapshot” of the fish assemblage in the area. A few fishers were observed and
they caught 10 species which are listed in Table 3.2-3.

Table 3.2-3. Fish species caught by fishers on 5 April 2016 near Ban Talouey, upstream of Tat Kalang rapids.

Maximum  Reported Migration month
Size maximum (MRC data)
(Fishbase) weight in Upstream Downstream
(cm) river reach | Start End Start End
CATFISHES (Siluriformes)
Bagatrius yarrelli (Sisoridae) 200 20 kg 1 2 8 9
Hemibagrus wyckioides (Bagridae) 130 4 5
Clupisoma sinense (Schilbeidae) 31 3 6
CARPS (Cypriniformes)
Incisilabeo behri (Bagana behri) 60 10 kg 1 2
Hampala macrolepidota 70 6 7 11 12
Scaphiodonichthys acanthopterus 31
Poropuntius normani 13
Sikukia gudgeri 18
Raiamas guttatus 30
SPINY EELS (Synbranchiformes)
Mastacembelus favus 70 cm 70
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Three groups of fishes were caught: catfishes, carps and one species of spiny eel. Two large
fishes were present, Bagarius yarrelli (Figure 3.2-14), a predatory catfish, which is reported to
grow to 20 kg locally and Incisilabeo behri (prev. Bagana behri) (Figure 3.2-15), which eats
algae and grows to 10 kg locally. All the other species were small (< 30cm) (Figure 3.2-16).
No mountain loaches, which have high endemism in the region, were caught but can be
expected in the steeper shallower tributaries and in the headwaters.

Figure 3.2-14. Bagarius yarrelli, a predatory catfish.
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Main-stem species that migrate long distances (“white fish”) were not present, although they
may be present in the wet season. The exception may be Incisilabeo behri which is present in
the Sesan and Srepok rivers and migrates in the Mekong. It is known to migrate upstream in the
Xe Kong and fishers target this spawning migration (Baird and Shoemaker, 2008).
Certainly, the presence of this species and the others listed in Table 3.2-3 confirm the
connectivity of this upper river reach with lowland reaches.

Table 3.2-2 includes a category of “migratory” from www.Fishbase.org. The scale of migration is

unknown for these species although it appears to be short distances. For example, Hampala
macrolepidota is abundant in Nam Ngum Reservoir (FishBase, 2016), presumably completing
migrations upstream of the dam. Further discussion on fish migration in the upper Xe Kong
River and implications for strategic hydropower are provided below.

Figure 3.2-15. Incisilabeo behri, a carp species that eats algae on rocks.
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Figure 3.2-16. Typical small species caught. The lower 7 species are carp species with a catfish and a spiny eel at the top.

Habitats

The habitats of the Xe Kong River are described by Meynell (2014) in 10 km reaches from the
headwaters to the confluence with the 2S system. In the reach near Tat Kalang rapids and the
Xe Kong 5 HPP there is little detail as there had not been any ground survey.

In the 19 km reach (6.3 km upstream and 12.8 km downstream of Ban Taloeuy) surveyed by
kayak in the present study, rocky habitats dominated with large amounts of exposed bedrock
and large broken rock (Figure 3.2-13 and Figure 3.2-17). These provide a substrate for
algae and grazing marks from large fish (probably Incisilabeo behri) in the wet season were
common (Figure 3.2-18).

Riffle habitat was common and these were mainly medium-sized rocks and cobbles with small
amounts of gravels. Pools were present between the riffle and rapids. Although no depth
measurements were taken, the pools appear to be deep and presently provide refuge for large
fish (e.g. 20 kg). Meynell (2014) lists the deep pools as confined to lower reaches, but did not
have access to data further upstream. One fish that was caught has exopthalmia (bulging eyes)
(Figure 3.2-19) indicating that it had been caught at depth and pulled rapidly to the surface.
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Figure 3.2-17. Exposed bedrock of river channel. Note high sands on far bank deposited at higher flow.

Figure 3.2-18. Marks from fish grazing on algae at high water levels.
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Figure 3.2-19. Exopthalmia (bulging eyes), a form of barotrauma, indicating that this fish had been caught at depth and
pulled rapidly to the surface. The injury suggests that deep pools are present in this reach.

Figure 3.2-20. At the most downstream reach the valley and river broadens and sand bars with cobble form on the inside
bends.
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Figure 3.2-21. Tributary stream near Ban Talouey showing low turbidity (upper photo) and where it entered the turbid Xe
Kong main-stem (lower photo).

Discussion

The Tat Kalang rapids immediately downstream of the Xe Kong 5 dam site are not a barrier
to fish movements and the fish observed in the fisher’s catches confirm it. These upper Se
Kong reaches are sufficiently productive to support large fish (10-20 kg) and have deep pools
that provide refuge in the dry season, with habitats that provide active feeding in the dry and
wet seasons. The steep sided valley does not have floodplains or flooded forest and hence
would not be as productive as lower reaches with these features.

The two larger species and some of the smaller species collected are known to migrate and
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further studies would almost certainly expand the migratory list. With the exception of
Incisilabeo behri (the large algae grazer) these species migrate short to moderate distances
and it is the maintenance and connection between spawning and feeding habitats that is
essential to sustain populations. Many of these species require flowing water (lotic) habitats
in which to spawn. A dam that has extensive riverine habitats upstream of the reservoir can
sustain some of these species that do not need to migrate hundreds of kilometres. In the Nam
Ngum Reservoir Bagarius species use rocky fast-flowing reaches upstream (Sinthavong
Viravong pers. comm.). However, this is unlikely to apply to the proposed Xe Kong 5 HPP
reservoir because an inundation map (Figure 3.2-21) shows that there would be little flowing
water habitat upstream to sustain species requiring this type of habitat.

Figure 3.2-22. The upper Xe Kong catchment showing the river that would be inundated (light blue) from the proposed
Xe Kong 5 Dam (red) (Norconsult, 2008).

From the limited observations of fish and limited fish distribution data presented in the EIA
(Norconsult, 2008) there are potentially two models of fish distribution and migration in these
upper reaches and each has different implications for balancing hydropower with impacts on
society and the environment:

e Model 1 (Figure 3.2-22) assumes that: there are two zones of lowlands and uplands;
long- distance and small-distance migratory fishes in the lowlands migrate upstream
of the Xe Kong 5 dam site; and specialized upland species are present in high gradient
upper tributaries.

e Model 2 (Figure 3.2-22) assumes that: there are three zones of lowlands, intermediate
and uplands; long-distance migratory fishes in the lowlands do not migrate upstream of

Annex 3.2—25



Sustainable Hydropower Development for the Xe Kong Basin

the Xe Kong 5 dam site; small-distance migratory fishes are present in the lowlands
and the intermediate zone including upstream of the Xe Kong 5 dam site; and
specialized upland species are present in high gradient upper tributaries.

Figure 3.2-23. Model 1 (top figure) and Model 2 (bottom figure) of fish migration in the Xe Kong River.
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The implications for hydropower are that high fish productivity is maintained by retaining fish
migration corridors and the upstream extent of migrations could provide a strategic location
for hydropower. In Model 1 long-distance and short-distance migrations overlap with the Xe
Kong 5 HPP site and habitats become the limiting factor in upstream distribution. In Model 1,
impacts on long-distance migratory species caused by the Xe Kong 5 dam would have broader
impacts on Mekong fisheries, as has been discussed for the Sesan and Srepok rivers and the
Lower Sesan 2 Dam (Ziv et al, 2012).

In Model 2 long-distance migrations are downstream of the Xe Kong 5 dam-site and short
distance migrations overlap with the site. In this scenario, the species with short-distance
migrations contribute significantly to localised productivity, livelihoods and food security but
would likely make little contribution to Mekong main-stem fisheries. If this model has validity
then the Xe Kong 5 HPP may represent a more suitable compromise than downstream main-
stem dams on the Xe Kong River which would impact migratory fishes from the Mekong River.

We recommend that fishers be surveyed to establish the distribution of migratory fishes and
the seasonal (wet and dry) change in fish composition.

Upland Species

In both models, upland species are present in upper tributaries. These are small specialized
fish species adapted to high gradient mountain streams (Kottelat, 2001); they have high
endemism and conservation value (Ziv et al, 2012), and often provide a valuable food source
for local villagers (Baird and Shoemaker, 2008). Although their generic habitats are known,
their specific distribution in the upper Se Kong is unknown, which has a significant influence
on the extent that the Xe Kong 5 HPP would impact these fish.

The proposed Xe Kong 5 HPP has a high dam (198 m) and inundates 40 km of the upper Xe
Kong River (Norconsult, 2008). If the upland species are mainly in the headwaters upstream
of this inundation then impacts are much less, but if they have key spawning or feeding
habitats within the inundation area then the impacts are high and loss of species and
biodiversity become likely. Understanding the distribution and use of these habitats would
enable productive compromises; for example, if the inundation zone of the reservoir
submerges a key spawning habitat, then the dam crest could be lowered or the dam operated at
a lower level seasonally to ensure spawning. Hence, a recommendation is to survey the

distribution of upland species in the upper Xe Kong River and the habitats they are using. This

needs to include independent methods of sampling in a stratified design (e.g. tributary size by
elevation), as well as surveys of fishers.

In the absence of a survey and detailed data on the specific habitat use of upland species, the
alternative strategy to conserve biodiversity is to keep a representative selection of habitats. In
hydropower development, including the upper Xe Kong system, this can be achieved by
leaving some tributaries free-flowing and connected with the main-stem while damming
others. Figure 3.2-24 shows examples of dam sites that are alternatives to the Xe Kong 5 HPP
that would retain the upper Xe Kong River and tributaries free-flowing and thereby maintain
diverse aquatic habitats for biodiversity.

The strategy of leaving representative habitats assumes that upland species within a catchment
have well-mixed genetics within each species; hence, if a species becomes extirpated
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from a tributary, the assumption is that the genetic diversity of the species is retained in
other nearby tributaries. For many species this is a sound assumption, but it is not universal
and some species show little movement between sub-tributaries and this results in isolation
and high genetic differentiation between populations (e.g. (Hughes et al. 2012)). For the upper
Xe Kong this type of genetic information would take an extensive study.

An additional hydropower option that could be investigated for the upper Xe Kong system is
the use of pumped storage, where two reservoirs are used: the upstream one generates
electricity in peak periods and then off-peak electricity is used to pump water back upstream
from the downstream reservoir.

Figure 3.2-24.The upper Xe Kong catchment showing the river that would be inundated (light blue) from the proposed Se
Kong 5 Dam (red).

Aquatic Productivity of the proposed reservoir of the Xe Kong 5 HPP

Where reservoirs replace flowing rivers, biodiversity declines (Kottelat, 2015) and the
impounded water is almost universally less productive for fish. The reduction in productivity
is a function of the original productivity of the river, the shape of the reservoir, the operation of
water levels, and the extent of flowing river habitat retained upstream. Lowland floodplain
rivers are more productive than upland rivers with no floodplains; shallow reservoirs with stable
water levels are more productive than deep reservoirs with fluctuating water levels; and flowing
river habitats upstream enable some spawning habitats to be retained and, if the river length is
sufficient (e.g. >100 km), it provides for short-distance migrations.

The proposed Xe Kong 5 reservoir is in the upper reaches of the river with no floodplains so
the original productivity is less than the lowland reaches of the river. However, the extent that
lowland fish species are migrating to, and using the deep pools and habitats in the upper
reaches is unknown, and hence the extent that lowland productivity is linked to fish use of
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upland habitats is unknown.

The proposed reservoir would be very deep and fluctuate 25 m in elevation, which prevents a
productive littoral (edge) zone developing, while the extent of the reservoir leaves very little
river habitat upstream. Hence, the Xe Kong 5 reservoir, as proposed and operated, will be
very unproductive for fish. This highlights the importance of optimizing social and
environmental outcomes downstream and this largely relates to environmental flows.

Environmental Flows

The Xe Kong 5 HPP is intended to capture flow in the early wet season (July and August) and
release throughout the year, but with higher-than-natural flows in the dry season (Figure 3.2-
25). Although the exact hydrograph would vary between wet and dry years, the seasonality of
flows is generally retained.

Figure 3.2-25. Example of monthly inflows (blue bar) and outflows (black symbols and line) from the Xe Kong 5 HPP, from
the ESIA (Norconsult, 2008).

The main impact of changing flows on river ecology and productivity is the hourly variation
within a day. The Xe Kong 5 HPP is intended to operate to meet peak daily energy demands.
The ESIA (Norconsult, 2008) describes two proposed modes of operation: peaking for either 6

hrs (B6 mode) releasing 236 m3 s™! or peaking for 16 hrs (B16 mode) releasing 115 m3 s1

1

(Figure 3.2-26). Outside of these peaking periods a baseflow of 12 m3 s'! would be provided as

an environmental flow for the river, which is equal to the minimum dry season flow. The

combined mean daily flow of these regimes would be 80 m3 s1.
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Figure 3.2-26. Example of hourly flows downstream of the Xe Kong 5 HPP under two operating modes of 6 hr and 16 hr
hydropeaking (Norconsult, 2008).

This type of flow release, termed hydropeaking, severely reduces downstream aquatic
productivity and interrupts the life cycles of fish. The daily fluctuations in water levels prevent
algae forming in edge (littoral) and shallow zones of the river because they are dried out every
day. For fish these fluctuations can stimulate them to spawn on inundated banks and
vegetation, which is a common strategy for Mekong fishes, but in this case it leaves the eggs to
dry out and die as the water recedes at the end of the hydropeaking period. Hence, the hourly
variation in flows has a major impact on the river ecosystem, biodiversity and fish
productivity.

The impact of hourly variation on flows, however, can be entirely mitigated. There are two
main approaches: i) if there is a cascade of dams the lowest dam can be used for re-regulating and
providing continuous baseload energy rather than peak energy, and ii) build a re-
regulating weir downstream that holds the volume of the daily hydropeak which is then re-
released to simulate the natural regime. The Xe Kong 5 HPP is not in a cascade of dams so the
second approach would be appropriate if no further dams downstream were built.

Preliminary calculations of the daily hydropeaking volume suggest it is approximately 6.6 GL
(gigalitres) and the re-regulating weir would need to be approximately 20 m high and located
more than 5 km downstream. The weir would spread the hydropeak over 24 hours releasing a

daily mean of 80 m3 s™1. The re-regulating weir could also be used to add natural daily and
weekly variation in flow. The river ecosystem would then be much less impacted - assuming
that water temperatures were similar upstream and downstream of the dam - and would be

based around a baseflow of 80 m3 s™1 with natural variation, rather than 12 m3 s that fluctuates

up to 115-236 m3 s’ daily. The added advantage of this approach is that the re-regulating
weir can have small turbine and this can generate energy as it provides environmental flow.
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Figure 3.2-27. Diagram of a re-regulating weir downstream of Xe Kong 5 Dam.

Summary and Recommendations

The Tat Kalang rapids are not a barrier to fish movements but whether fish are migrating long
distances from the Mekong or Xe Kong lowlands and moving upstream of the Xe Kong 5 HPP dam
site remains unknown. The dam site may overlap with these migrations or be in an
intermediate zone between uplands and lowlands where mainly short-distance migrants are
present; if it is the former there are potentially much greater regional impacts.

In addition to potential impacts on migration and fish production the Xe Kong 5 HPP may have
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major impacts on biodiversity as the upland reaches of the Xe Kong have numerous small fish
species that are endemic. The proposed reservoir would inundate extensive reaches of
upland tributaries. The specific habitats of the endemic species, and whether they are found
within the proposed reservoir area or further upstream, are unknown.

These two issues - the extent that lowland species use upland reaches and the distribution of
upland endemic species - influences whether the Xe Kong 5 HPP project represents an
acceptable tradeoff between fish and energy production, which leaves the very productive
lowland reaches intact. To inform this we recommend:

i.) surveying fishers to establish the distribution of migratory fishes and the seasonal (wet
and dry) change in fish composition in the upper reaches, and

ii.) a survey of the distribution of the upland species in the upper Xe Kong River and the
habitats they are using. This needs to include independent methods of sampling in
a stratified design, as well as surveys of fishers.

In the absence of these surveys and any further data we recommend that consideration be
given to alternative sites for the Xe Kong 5 HPP that use tributaries upstream but leave the
main stem of the Xe Kong free-flowing and leave a range of smaller tributaries free-flowing.
These alternative sites may also include a pumped storage system, where water is pumped
upstream in off-peak periods and hydro-electricity is generated in peak periods.

The proposed Xe Kong 5 HPP would have a major influence on downstream flows. The
seasonality of flows is largely retained but hourly fluctuations to meet peak energy demands
are predicted to be high. If the project proceeds then a re-regulating weir would be essential to
eliminate hourly fluctuations and maintain a more natural hydrograph, which minimises
losses to river productivity downstream. This assumes that the dam proceeds in a broader
catchment-based Xe Kong hydropower strategy that did not include main-stem dams
downstream of Xe Kong 5.

The Xe Kong 5 HPP has potential to have significantly less impacts on fish productivity of the
lower Xe Kong than downstream dams. However, two key knowledge gaps on fish distribution
and ecology, as described above, need specific investigation. If the project proceeded it would
need to be in a larger Xe Kong hydropower strategy and a re-regulating weir would need to be
included.

Annex 3.2—32



Sustainable Hydropower Development for the Xe Kong Basin

References:

Baird, I. G. and B. Shoemaker (2008) People, Livelihoods, and development in the Xe Kong River
Basin, Laos. Book. White Lotus (pubs.) Co., Ltd., Bangkok, Thailand. 435pp.

Baird, 1.G. (2006b) Probarbus jullieni and Probarbus labeamajor. The management and
conservation of two of the largest fish species in the Mekong River in southern Laos. Aquatic
Conservation: Freshwater and Marine Ecosystems 16 (5): 517-532.

Baird, I. G. and M. S. Flaherty (2004) Beyond National Borders: Important Mekong River
Medium Sized Migratory Carps (Cyprinidae) and Fisheries in Laos and Cambodia. Asian
Fisheries Science 17 (2004): 279 - 298. Asian Fisheries Society, Manila, Philippines.

Baird, I.G., V. Inthaphaisy, P. Kisouvannalat, B. Phylaivanh and B. Mounsouphom. (1999) The
Fishes of Southern Lao [In Lao]. Lao Community Fisheries and Dolphin Protection Project,
Ministry of Agriculture and Forestry, Pakse, 162 pp.

Baird, I. G. (1995a) A rapid study of fish and fisheries; and livelihoods and natural resources
along the Sesan River, Ratanakiri, Cambodia. Unpublished Livelihoods and Natural
Resources Hogan, Z. 1.G. Baird, R. Radtke, and ]. Vander Zanden. 2007. Long distance
migration and marine habitation in the Asian Catfish, Pangasius krempfi. . of Fish Biology 71:
818-832.

Dugan, P.J., Barlow, C. Agostinho, A.A, Baran, E., Cada, G.F, Chen, D, Cowx, IG,
Ferguson, ].W., Jutagate, T. Mallen-Cooper, M. Marmulla, G. Nestler, ]., Pierre, M,
Welcomme, R.L, and Winemiller, K.O. (2010) Fish Migration, Dams, and Loss of
Ecosystem Services in the Mekong Basin. Ambio 39, 344-348.

Hogan, Z.S., P.B. Moyle, B. May, M.]. Vander Zanden and lan G. Baird. (2004) The imperiled giants
of the Mekong. Ecologists struggle to understand - and protect - Southeast Asia’s large
migratory catfish. American Scientist 92 (May - June): 228-237.

Hortle, K., P. Ngor, R. Hem, and S. Lieng. (2005) Tonle Sap yields record haul. Catch and Culture,
Mekong River Commission, 11 (1): 3-7.

Hughes, ].M., Real, K.M., Marshall, ].C., and Schmidt, D.J. (2012) Extreme genetic structure in a
small-bodied freshwater fish, the purple spotted gudgeon, Mogurnda adspersa
(Eleotridae). PLoS One 7(7), e40546.

Jensen, E. 2016. Analysis of larvae sampling 2002-2013. (Appendix 3.4 in this Master Plan).

Jensen, E. 2016. Lee trap fisheries 1994-2013: Lee trap fisheries.pdf (Appendix 3.6 in this
Master Plan).

Kottelat, M. (2001) 'Fishes of Laos ' (WHT Publications Pty Ltd: Colombo, Sri Lanka) 198
Kottelat, M. (2015) The fishes of the Nam Theun and Xe Bangfai drainages, Laos.
Hydroécologie Appliquée.

Meynell, P. (2014) 'The Sekong River in Viet Nam, Lao PDR and Cambodia.'" (IUCN Asia
Regional Office: Bangkok, Thailand).

Meusch, E., ]. Yhoung-Aree, R. Friend and S.]. Funge-Smith. 2003. The role and nutritional value
of aquatic resources in the livelihoods of rural people: A participatory assessment in
Attapeu Province, Lao PDR. FAO Regional Office Asia and the Pacific, Bangkok, Publication
No.2003/11, 37 pp.

Annex 3.2—33



Sustainable Hydropower Development for the Xe Kong Basin

Norconsult (2008) Environmental and Social Impact Assessment (ESIA) for Se Kong 5 HEP.
Volume 1 Main Report. 378 p.

Roberts, R. R. and 1. G. Baird (1995) Rapid Assessment of Fish and Fisheries for The Xe Nam Noy
- Xe Pian Hydroscheme in Southern Lao PDR. The WILDLIFE CONSERVATION SOCIETY,
Vientiane, Lao PDR. 38pp.

Roberts R.R. and T.] Warren (1994) Observations of Fishes and Fishesries in Southern Laos and
Northeast Cambodia, October 1993 - February 1994. NAT. HIST. BULL. SIAM SOC. 42: 87 -
115, 1994.

Warren, T.J and S. CHANTAVONG (2013) Environmental and Social Impact Studies of the Xe
Pian - Xe Nam Noy Hydroelectric Power Project and Cumulative Impact Study on the Xe
Kong Basin. Fisheries and Aquatic Resources Study. Prepared for the Lao Consulting Group
for submission to the Pian Noy Power Company (PNPC).96pp.

Warren, T. ]., Chapman G. C. and D. Singhanouvong (1998) The Upstream Dry-Season Migrations
of Some Important Fish Species in the Lower Mekong River of Laos. Asian Fisheries Science
11 (1998): 239 - 251. Asian Fisheries Society, Manila, Philippines.

Ziv, G. Baran, E., Nam, S, Rodriguez-lturbe, I, and Levin, S.A. (2012) Trading-off fish

biodiversity, food security, and hydropower in the Mekong River Basin. Proceedings of the
National Academy of Sciences 109(15), 5609-5614.

Annex 3.2—34



Sustainable Hydropower Master Plan for the Xe Kong Basin

Annex 3.3:

Analysis of Catch Sampling 2003-2013

Figure 3.3-1. Location of six stations in Cambodia used in this report: 1) Kandal Sang Var, 2) Kratie Koh Khne, 3) Ratanakiri
Day Lo, 4) Stung Treng Ou Run, 5) Ratanakiri Fang, and 6) Stung Treng Pres Bang,
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Definitions

Trend: Is an underlying pattern of behaviour in a time series, which could be partly or nearly
completely hidden by the recognized amounts of unexplained variation in the time series
(noise).

Variability: Denotes how stretched or squeezed a distribution is. Variability is typically
measured by the quotients of mean and standard deviation.

Change: Is the transition from one state to another significantly different state, ex change in
variability or trend. A 5% significance level is used (p <0.05)

Trigger: An event that is the cause of a particular action, process, or situation.
Pulse: A rapid rise in water level and discharge of more than 500 m3/s per day to 2500 m3/day.

Pulse rate: Change in discharge per day (m3/s per day)

Monotonic: A function is called monotonic if and only if it is either entirely increasing or
decreasing

Overfishing: The practice of commercial and non-commercial fishing which depletes a fishery
by catching so many adult fish that not enough remain to breed and replenish the population.
Overfishing exceeds the carrying capacity of a fishery.

CPUE: Catch per Unit Effort

Catch Sampling

The specific purpose of this analysis is to assess any monotonic trends in catch in the period
from 2003-2013 (2006-2007 missing), the period where catch data is available in the MRCS
fisheries database. The catch does not include Dai and Lee trap catches, only general catch.

Only important species are considered (Marked Imp or Yes) in the database. Data from six
stations in Cambodia is used: Kandal Sang Var (413), Kratie Koh Khne (630), Ratanakiri Day Lo
(794), Stung Treng Ou Run (688), Ratanakiri Fang (773), Stung Treng Pres Bang (778), see map
(Figure 3.3-1) above. The numbers in brackets are the distances in km to the sea.

The reason for looking for monotonic trends is to see if the catch has been affected during the
period. Especially overfishing and change in environment, ex. Hydrology, could make major
changes affecting the catch.

To distinguish between overfishing and environmental impact it is assumed that overfishing will
result in decline in mean weight of individual species, resulting in relatively fewer large fish and
relatively more small fish, while change in hydrology would result in a general decline (or
increase) in fish population but maintain the size ratio.

“Assuming that recruitment is constant, a decline in the mean weight of individuals in a
population through time is indicative of increasing rates of exploitation as fewer large (older)
individuals survive with time” (Halls et al., 2013: 101).

Catch individuals, length and weight

To assess the change, individuals, their max length and weight from the sampling data is used
directly by looking at Individuals per Sample, Max length per Sample and weight per Sample.
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Figure 3.3-2. Number of individuals’ pr. Sample. High values occur around January at the time of major migration from
flooded plains (Tonle Sap Lake and the delta) takes place. (N=84927 samples). The trend line shows no monotonic trend.
Note the huge numbers ex in 2010-01 related to catch at Kandal Sang Var during the out migration period from the Tonle
Sap Lake.

. This is unusual as most numbers of individuals per sample are less than 10 in 73414 of the 84927
samples.

Figure 3.3-3. Total weight per sample. (N=84927 samples). The total weight pr. Sample shows the same pattern as the
number of Individuals per Sample (fig 1). The trend line shows no monotonic trend.

Figure 3.3-4. The Max Length per Sample. (N=84927 samples). The trend line shows no monotonic trend, the Max Length
has remained constant over the period.

Large variations take place inter-annually, but no monotonic trend (decline or increase) was
found for the max length, weight and number of individual species.

This is in line with the conclusions in Halls et al., 2013 for Dai fisheries.

“Estimates of mean weight for all species combined as well as those species that contribute to
the majority of the catch by weight have shown considerable variation during the fifteen-year
monitoring period, but with no evidence of a continuous monotonic decline...” (Halls et al,,

2013:102).

For individual species changes in max length and catch has been recorded Bun, Phen and Nam
2015.
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“In the absence of any clear trend in total catch, research has since looked at catches for different
species in the fishery. Between 1998 and 2014, we found declining trends in catches of large
species such as the Sutchi river catfish (Pangasianodon hypophthalmus) (maximum length: 130
cm).

Similar trends were observed for three mediumsized species, Cyclocheilichthys enoplos
(maximum length: 74 cm), the small-scaled mud carp (Cirrhinus microlepis) (maximum length:
65 cm) and Osteochilus melanopleura (maximum length: 40 cm). By contrast, catches of small
mud carps (Henicorhynchus spp.) trended upwards over the same period. At the same time, the
total lengths of some fishes have been declining. Such changes may indicate the population is
being “fished down” with declining production of large high-value species accompanied by
increased production of small low-value short-lived species” (Ngor, Chheng and So, 2015:1).

“Apart from increased fishing effort, other factors behind the declining catches of these large and
medium-sized fishes may be hydrological and hydraulic changes, habitat degradation, loss of
habitat connectivity and climate change” (Ngor, Chheng and So, 2015:1).

Catch over distance

The distance to the sea is different for the monitoring stations used. With out-migration from
flood plains of the delta and the Tonle Sap Lake to refuge in the river / deep pools, a constant
catch level is provided at the 6 monitoring stations, see Figure 3.3-5.

Figure 3.3-5. Catch weight per Sample at the six different monitoring stations (the number is the distance to the sea). Only
Sang Var (Small dark dots) show different pattern due to the high catch rates during out migration from the Tonle Sap Lake.
At other times the catch weight is at the same level for all stations.

Conclusions

The general catch shows no monotonic long time trend in overall catch, size or number of
individuals although large inter-annual changes are observed. This is the same pattern
found for the Dai fisheries in Halls et al., 2013.

The catch was also found stable and at the same size at all 6 stations apart from Sang Var that
benefit from the out-migration from the Tonle Sap Lake at the end of the wet season.

Looking at individual large and medium species (valuable species) (Ngor, Chheng and So, 2015),
has found decline in max length and catch but also found increase in max length and catch for
other (less valuable) species.

Annex 3.3—4



Sustainable Hydropower Master Plan for the Xe Kong Basin

References:
Halls, A.S.; Paxton, B.R;; Hall, N.;; Peng Bun, N.; Lieng, S.; Pengby, N.; and So, N (2013) The

Stationary Trawl (Dai) Fishery of the Tonle Sap-Great Lake, Cambodia. MRC Technical Paper
No. 32, Mekong River Commission, Phnom Penh, Cambodia, 142pp. ISSN: 1683-1489.

Ngor, P.B., Chheng, P., and So, N. Decline in catches of some large and medium-sized species in
Tonle Sap River. April 2015. Catch and Culture Volume 21, No. 17.

Annex 3.3—5



Sustainable Hydropower Master Plan for the Xe Kong Basin

Annex 3.4:
Analysis of larvae sampling 2002-2013

Figure 3.4-1. Larvae sampling places used in this report. TS=Tonle Sap River, MU= Chaktomuk (Sometimes named CK),
LB=Left Bank, RB=Right bank, MB= Mid ‘bank’, RS=Regional Survey 2009.
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Definitions

Trend: Is an underlying pattern of behaviour in a time series, which could be partly or nearly
completely hidden by the recognized amounts of unexplained variation in the time series
(noise).

Variability: Denotes how stretched or squeezed a distribution is. Variability is typically
measured by the quotients of mean and standard deviation.

Change: 1s the transition from one state to another significantly different state, ex change in
variability or trend. A 5% significance level is used (p <0.05)

Trigger: An event that is the cause of a particular action, process, or situation.
Pulse: A rapid rise in water level and discharge of more than 500 m3/s per day to 2500 m3/day.

Pulse rate: Change in discharge per day (m3/s per day)

Abbreviations

GL Great Lake (Tonle Sap Lake)

TS Tonle Sap

LP Luang Prabang

NK Nong Khai

NP Nakhon Phanom

UB Ubon Ratchathani

PK Pakse

DS Don Sahong

ST Stung Treng

KT Kratie

PP Phnom Penh (Chaktomuk),

BS Bassac River (Vinh Xuong, An Giang)
MK Mekong River (Quoc Thai, An Giang)
[FReDI Inland Fisheries Research and Development Institute
MRCS Mekong River Commission Secretariat

MDS  Multi-Dimensional Scaling
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Larvae Sampling

The specific purpose of this analysis is to identify triggers of spawning and to describe the larvae
drift related to the hydrological changes in time and by location. This is important as changes
in hydrology may impact the migration, reproduction and productivity.

The larvae analysis relates the hydrology to larvae drift in the Lower Mekong Basin, in particular
around the Tonle Sap lake entrance in Phnom Penh and up-streams to Pakse in Lao PDR.

The hydrology data is the manual and telemetric data from MRCS and the larvae data is from the
2002-2013 data sampling by IFReDI and a Regional larvae survey in 2009. Important species
are species listed as important in the MRCS fisheries species list and species for which larvae
age can be calculated by a correlation with length.

The larvae sampling method in the Mekong River is standardized using Bongo nets of specific
size at specific times and locations. A flow meter is attached to measure the water volume
filtered. See MRC, 2013 a; Tharith, Sophat and Phanara, 2003 and locations on Figure 3.4-1
above.

Life Cycles
Quotation from Tharith, Sophat and Phanara, 2003, pg. 61:

“As water levels on floodplains including the TS-GL system begin to fall, typically by mid-
October, fish begin to migrate to refuge habitat including deep pools in the main channel. These
migrations peak in January when catch rates in the dai fishery reach a maximum during the
fishing season (October-March). As water levels begin to rise again in April, fish begin upstream
migrations to spawning habitat in the main channel and tributaries. The lee trap fishery targets
these upstream spawning migrations. Spawning typically occurs in June or July corresponding to
the time of flow reversal in the Tonle Sap and the start of floodplain inundation. Larvae and
adults return (often drifting passively with the flow) to colonise downstream floodplain habitat
where they feed and grow until water levels begin to fall again in October. Drifting larvae are
sampled by the larvae monitoring programme between June and September. Other species may
remain resident in the main channel or on the floodplain throughout the year, or may exhibit
similar migratory behaviour but, over smaller distances. Other generalist species may adopt
more opportunistic behaviour according to the prevailing conditions” (See Figure 3.4-2).

Figure 3.4-2. The generalized life-cycle and
migration model for important whitefish species in
the LMB. (Source: Tharith, Sophat and Phanara,
2003, Figure 33).
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Similarity
The similarity of larvae species at different locations in the Mekong River is shown in Figure 3.4-
3 below (MRC, 2015). Species sampled from Kratie to the Vietnamese delta show higher

similarity and are quite different from samples further upstream at Don Sahong, Kratie etc. For
a detailed explanation, see MRC, 2015.

Figure 3.4-3. Average linkage cluster (a) and MDS (b) analyses on the species abundance
(Bray Curtis similarity) of the fish larvae sampled by seine netting at 11 sites. The 11 sites
in include: LP Luang Prabang, NK Nong Khai, NP Nakhon Phanom, UB Ubon Ratchathani, PK
Pakse, DS Don Sahong, ST Stung Treng, KT Kratie, PP Phnom Penh (Chaktomuk), BS Bassac
River (Vinh Xuong, An Giang), MK Mekong River (Quoc Thai, An Giang) (Source: MRC,
2015; Figure 3.13).

Triggers
For the Spawning and larvae drift the following triggers are considered:

e Discharge,
e Paterlevel and
e Pulses
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Larvae Drift Pattern

Figure 3.4-4. Larvae drift from Cambodian larvae surveys 2002-2013 and the regional survey 2009 compared to Tonle Sap in and out flow (Blue and red graphs), water levels
at Stung Treng, Pakse and Mukdahan and pulses (sudden rise in water level) for important species. Large pulses that triggered spawning are marked with yellow dots, small

pulses with small green dots on the green Stung Treng discharge curve. Triangles denote the start and end of the yearly sampling. Note the Log10 scale for Number of |arvae
pr. water volume pr. sample.
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The larvae sampling by IFReDI normally starts around June and lasts until October, but in years
2009 and 2010 it started already in April and March. The regional survey had a single sampling
starting early March 2009. Outside these periods larvae still drift, but no detailed sampling has
taken place.

Specific high concentrations are found during the raising stage of the river. And, within the
raising stage significant differences in larvae concentrations are measured (see Figure 3.4-4).

(Note the log;, scale for number of larvae).

Relating these larvae drift peaks to the pulses in discharge, it is seen that the drift peak (number
of larvae) occurs after high discharge pulses (Marked with yellow dots at their peak on the
green discharge graph from Stung Treng). Between such pulses drift falls to a lower level. The
regional survey in 2009 show same pattern, although fewer samples were taken (Black dots in
2009). At the beginning of the sampling periods 2009 and 2010 larvae were sampled outside
the raising stage period showing lower levels that may exist during all the dry period.

The larvae species composition differs at different places on the Mekong. An overview can be
seen in similarity graphs (Figure 2 in MRC, 2015).

Larvae Location in the River

Most [FReDI surveys are done at the right banks (RB) at the sampling sites, but sampling is also
done both mid-stream (MB) and on the left banks (LB), see Figure 1 above for locations.

The location or drifting larvae in the Mekong River around Phnom Penh at the MU and TS
sampling sites is quite similar at both banks and in the middle of the river (see Figure 3.4-5 and
Figure 3.4-6).

The number of larvae per Volume water per Sample is largely the same in the years 2011, 2012
and 2013 at both the MU and the TS sampling sites on Left, Right and Mid-stream. Number of
samples on the RB is much higher than on the MB and LB locations, but larvae concentrations
are similar.

Figure 3.4-5. Number of larvae per sample and per water volume at the MU (Chaktomuk) sampling sites left (LB), mid (MB)
and right (RB) banks.
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Figure 3.4-6. Number of larvae per sample and per water volume at the TS (Tonle Sap) sampling sites left (LB), mid (MB)
and right (RB) banks.

The evenly distributed larvae contents exist even the velocity is quite different, at the same
time, in the mainstream Mekong at MU and in the Tonle Sap river at TS (see Figure 3.4-6
and Figure 3.4-7).

Figure 3.4-7. River cross section of the Mekong mainstream at the MU sampling site from 2003-07-03.

Figure 3.4-8. River cross section of the Tonle Sap River at the TS sampling site from 2003-07-03.
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Pulse Size and Duration

The size and duration of the pulses that trigger spawning (see Figure 3.4-4) are significant. The
rate (change in discharge/day) increases over the up-going stage period. Later pulses require
still higher rate as they propagate already considerable water masses (see Figures 3.4-9, 3.4-10
and 3.4-11).

Figure 3.4-9. Spawning pulses: The rate is the discharge change (increase) per day at Stung Treng. Blue dots: all pulses.
Yellow dots: Spawning triggering pulses, see Figure 3.4-4.

Figure 3.4-10. Rate of spawning pulses in 2009 and 2010. Later pulses increase with more than 2000 m3/s*day (Zoom of
Figure 3.4-9).

Figure 3.4-11. Rate of spawning triggering pulses and their duration at Stung Treng from 2006-2014. Low pulses can last
longer than high pulses, otherwise the magnitude and duration is random.
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Pulse Velocity

The propagation velocity of the pulses depends on the water level. The higher water level the
faster the pulse moves. The time for the pulse to get to the Tonle Sap / Delta flood plain at
Phnom Penh during the major spawning period, varies from around 35 to 2 days, dependent on
the start place and different water levels. The variation is considerable over the year (See Figure
3.4-12).

Figure 3.4-12. Flow delay from different locations to Phnom Penh. The vertical bars show the larvae sampling periods. The
distances are measured from the top of a tributary or from a fixed location on the mainstream to Phnom Penh. The velocity
measurements are from MRCS ADCP surveys in 2011- 2013.

Larvae Ages

Larvae ages are calculated by correlating larvae lengths and ages from MRC, 2013b. Second to
fourth degree polynomials are calculated and restricted in validity between min and max larvae
lengths registered in MRC, 2013b. Larvae age is then calculated using registered length in the

MRCS larvae database as parameters to these polynomials. All polynomials have a R’ higher than
0.95.

The age of larvae arriving at Phnom Penh varies considerably, from a few days to around 50 days
(see Figure 3.4-13). The mixed ages at Phnom Penh can be explained by the pulses as spawning
triggers.

When a major pulse starts upstream, mature fish start spawning. Eggs and larvae flow along with
the pulse and as the pulse passes locations downstream, spawning starts there. A spawning
cascade is created. When the pulse arrives at Phnom Penh it carries along high concentrations of
larvae (and probably also the mature species returning to the floodplains).

The pulse velocity during the larvae sampling season varies with the discharge and in 2012-2013
varied between 35 and 3 days for equal distances (see Figure 3.4-13). The velocity is the average
velocity measured by ADCP. Velocity along banks and river bed is lover and the age distribution
between 2-50 days (see Figure 3.4-13) is in line with the average pulse velocity and the pulse
diverse velocity between mid-stream, bed and banks.

As the larvae are evenly distributed across the river (see Figures 3.4-5 and 3.4-6), some will flow
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slower along the banks and a mix of ages from 2-50 days emerges. It is also possible that some
larvae have come from further upstream than Se Done in Lao PDR or that some larvae already
have grown to juvenile size and were not included in the larvae samples.

Figure 3.4-13. Age of larvae arriving at Phnom Penh sampling stations MU and TS. Data from 2003-2005 are probably less
accurate than data from 2012-2013 as different sampling methods were used.

Arrival Time at Phnom Penh

The spawning trigged by large water pulses and the subsequent drift along with the pulse can
explain that larvae arrive at the Tonle Sap river entrance at the time when the flow reverses into
the lake and spreads into the Vietnamese delta floodplain.

The larvae ages (50-2 days) can be explained by the drift along the pulse at the various flow rates
at midstream and along the banks or bed and form spawning in different locations when the
pulse passes. The timing of arrival is then perfect, as the same large pulse provides the inflow to
the Tonle Sap Lake and spreads into the southern floodplains--magnificent orchestration by
nature (see Figure 3.4-14).
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Figure 3.4-14. Year 2008 larvae arrival time at the TS and MU monitoring stations in Phnom Penh. The arrows show the
peaking of the larvae concentration aligned with the pulse peaks. For graph explanations, see Figure 3.4-4.

Conclusions
Spawning is triggered by the up-going stage and by large pulses, often with rates of 500 -2500

mg/s per day. The larvae arrive at Phnom Penh, when reversal into the Tonle Sap Lake takes
place by the same large pulses because the larvae drift with the pulse.

The concentration of different ages can be explained by a spawning cascade as the pulse moves
down-stream--when the pulse arrives at a specific location, fish start spawning; and a mix of
drift velocities near banks, bottom and midstreams. The even distribution in the river between
left, right banks and mid river suggest a mixed flow velocity creating a mixed age composition.

The triggers for the major spawning events are the increasing water level, discharge and larger
pulses.

Annex 3.4—11



Sustainable Hydropower Master Plan for the Xe Kong Basin

References:

MRC, 2015. Larval and Juvenile Fish Communities of the Lower Mekong Basin. MRC Technical
Paper.

MRC, 2013a. Integrated Analysis of Data from MRC Fisheries Monitoring Programmes in the
Lower Mekong Basin. MRC Technical Paper. No. 33, August 2013.

MRC, 2013b. A guide to larvae and juveniles of some common fish species from the Mekong River
Basin. MRC Technical Paper. No. 38, August 2013.

Tharith, C.; Sophat, L. and Phanara, T. (2003) Fish larvae and juvenile drift at the confluence of
four rivers near Phnom Penh: the Mekong upstream and downstream. The Tonle Sap and the
Bassac River, June- September 2002. In: Poulsen, A. (ed.). Proceedings of the 5th Technical
Symposium on Mekong Fisheries, 11th - 12th December 2002. MRC Conference Series No. 4,
Mekong River Commission, Phnom Penh: 21-28.

Annex 3.4—12



Sustainable Hydropower Master Plan for the Xe Kong Basin

Annex 3.5:
Dai fisheries 1994-2014

Figure 3.5-1. Dai catch row 3. Image Google Earth. 2016.
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Definitions

Trend: Is an underlying pattern of behaviour in a time series, which could be partly or nearly

completely hidden by the recognized amounts of unexplained variation in the time series

(noise).

Variability: Denotes how stretched or squeezed a distribution is. Variability is typically

measured by the quotients of mean and standard deviation.

Change: Is the transition from one state to another significantly different state, ex change in

variability or trend. A 5% significance level is used (p <0.05).

Dai Fisheries

Dai fisheries or Bagnet fisheries, is a special
kind of fisheries setup in the Tonle Sap
River from Phnom Penh and around 35 km
upstream. Today there are 14 rows
numbered from 2-15 (Row 1 was removed),
see Figure 3.5-2.

Bagnet fishers are allowed to set up
operations middle of September and start
catching early October. They continue
fishing until March when the current out of
the Tonle Sap River has become slow. Dai
units are operated singly, but are joined
with three to eight others in rows across
the river, which sometimes form large
barrages that leave just enough space for
navigation.

The MRCS fisheries database contains Dai
fisheries data from 1994 till 2014. The
sampling has changed over time regarding
both frequency and sites. A detailed
description can be found in (Halls et al,
2013).

This analysis does not calculate total catch
or catch per unit effort (CPUE) but looks at
the timing, trends and variability in the
samples and links these to fish migration
patterns and triggers. Since 2008 the data
was divided into small and big fish catch
samples. The distinction between big and
small fish is made by the fishermen.

Figure 3.5-2. Dai fisheries row 2- 15 locations.
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The migration pattern is described by temporal and locational trends correlated with
migration triggers.

Triggers

For the Dai fisheries the following migration triggers are considered:

e Discharge, water level and current changes
e Lunar cycle (Phases)

Figure 3.5-3. Lunar phases: Four phases from new moon, first quarter, full moon and last quarter. Here the terms Q1, Q2,
Q3 and Q4 are used. Source: Wikipedia: https://en.wikipedia.org/wiki/Lunar_phase

Migration Pattern

The main migration pattern related to the Dai fisheries has been described before, see ex. Deap
Loeung or Halls, et al., 2013.

Figure 3.5-4. The combination of Dai Catch of Big fish from 2008 to 2014 with flow into and out of the Tonle Sap Lake, the
Lunar cycles and water level at Prek Kdam hydro meteorological station. The zero (0) line divides the Tonle Sap inflow
and outflow; negative values denotes inflow, positive values outflow. Red and yellow points show when flow
changes from in to out (red) and from out to in (yellow).

From Figure 3.5-4 it can be seen that the migration out of the Tonle Sap Lake has at least three
triggers, the start of the major outflow, the falling water level and the lunar phases. The actual
start may not be recorded as the Dai fisheries sampling starts at different times in October or
November, shortly after the flow reverses to outflow -and then at the time when the lunar
phase enters Q2. During Q2 and Q3 the migration out is peaking, to slow down until the next
Q2-Q3 period. A total of 5 such periods were recorded for big fish species from 2008 to 2014
ending at the time the water level in the Tonle Sap lake gets near its annual minimum of less
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than 2 km" of volume. For the Tonle Sap Lake area and volume, see NHI, 2016.

A high concentration of suspended sediments is mainly related to the inflow to the Tonle Sap
Lake and is therefore not found to be a migration trigger (NHI, 2016).

Variability

Variability in Dai catch season

The start and end of the Dai fisheries is legally regulated from October to March and the start
and end times of the year has not changed significantly over the period from 2008 to 2014.

Average Start day of year was 296 (24.10) and average End day of year was 61 (02.03) the
following year, see Figure 3.5-5.

Figure 3.5-5. Start end day of year and duration in days of Dai fisheries.

The end day for the major inflow to the Tonle Sap Lake is also the start day for the major outflow
which is on average day 280 of the year. This is 16 days (296-280) before the average Dai catch
started in the period from 2009-2014 (see Table 3.5-1).

The average 10 days delayed start of the major outflow from the Tonle Sap Lake has not
influenced the start of the Dai fisheries as it still starts later in October regulated by legislation
(Table 3.5-1).

Table 3.5-1. Inflow day/outflow day to the Tonle Sap Lake.

Inflow day Outflow day
Avg 2009-14 Avg 60-08 Avg 2009-14 Avg 60-08

Average 193.8 179.0 279.8 269.8
Diff

Stdv 13.4 24.8 9.0 13.0

t-test 60-08 to 09-14 t-test 60-08 to 09-14
0.057 0.046
t-test, two tailed, different variance, a=0.05

*Exclusive 1972-1990 because of invalid data, see NHI, 2016.
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Variability in catch

Dai catch sampling separated the catch into small and big species in 2008. Before that, both
small and big species were mixed, see Figures 3.5-6 and 3.5-7. The sampling from Dai catch
show large variability for both small and big important species. Especially for big species less
than 10 species dominate the catches. Species numbers refer to MRCS Dai catch database and
registered as important in the MRCS species list. Also over time (years) there are large
variations. Of the 37 important species represented in the samples, 29 big species and 15 small
species count low numbers. Temporally, there are large variations between years related to the
Total Flow (TF) through the Tonle Sap Lake.

Figure 3.5-6. Sampling sizes of important small species 1994-2014 from Dai fisheries. Zoom for high resolution image.

Figure 3.5-7. Sampling sizes of important big species 2008-2014 from Dai fisheries.

Annex 3.5—5



Sustainable Hydropower Master Plan for the Xe Kong Basin

The Dai catch is closely related to the Total Flow (TF) passing through the Tonle Sap Lake.

In Halls et al. (2013), a relation between a calculated Flood Index (FI) (see definition in Table 3.5-
2 explanation box and details in Halls et al., 2013)), and Dai catch by Weight and CPUE, provides a
model to estimate these values based on the Flood Index.

“The model explains almost 70% of the variation in the observed catch rates .... and the model
residuals are reasonably well behaved” (Halls et al., 2013). See explanation box under Table 3.5-2.

The remaining variation may be explained later by changes in nutrients and oxygen
concentrations etc.

Figure 3.5-8. Tonle Sap Lake total in and out flow, Flood Index and Dai catch by weight of all species. Note the constant
inflow around 40km3/Y form the Mekong River.

Using the model formulas, the expected mean sampled fish weight and CPUE is calculated for the
periods 1991-2007 and for 2008-2014, indicating that the decline in fish weight and CPUE during
the period 2008-2014 is related to the FI (see Table 3.5-2. Explanation box).

Table 3.5-2. *Mean sampled fish weight (all species combined). FI: Flood Index. TF: Total Flow

Period FI *Weight (kg) CPUE Correlation R2
Avg 91-07 642266 0.011906 | 235.3466 | 2004-14 Weight per haul - FI 0.78
Avg 08-14 491227 0.009886 | 184.6469 | 2004-14 Weight per haul - TF 0.81
% diff 76.48 83.03 78.46 | TF - FI 0.90

Table 3.5-2 Explanation box: (TS-GL: Tonle Sap Lake -Great Lake). Halls et al., 2013.

“A flood index (FI) is used to quantify both the extent and duration of the flood each year, (y):
Where (FAy,d) is the flooded area of the TS-GL System in year (y) on day (d), measured above the mean
flooded area for the model period 1 January 1997 to 31 March 2009. Fly = 2d (FAy,d)”

“The model predicts that fish biomass, indicated by the mean daily catch rate of a dai unit during the fishing
season (October—March), increases exponentially with the (FI)... as follows:

CPUE = 83.88.¢1-6063E-06"FI--

“The relationship between mean sampled fish weight (all species combined) and the flood index with fitted
exponential model. Weight = 0.0054e1.231E-06FI. R2 = 0.59.”
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The Flood Index is an approximation of the total Flow (TF) of water in the Tonle Sap Lake, see
Figure 3.5-8. The correlation between the Flood Index (FI) and the Total Flow (TF) is 0.90 (see
Table 3.5-2).

Relating the catch weight per haul to FI and TF gives high correlation coefficients. For the period
2004-2014 the coefficients are 0.78 and 0.81, indicating that the TF is a slightly better parameter
than FI explaining the variations in Dai catch (see Figure 3.5-8).

The calculated decrease in Table 3.5-2 in mean samples fish weight and CPUE can be explained
by the change in total Total Flow in The Tonle Sap Lake, not by change in inflow from the

Mekong River, which was almost constant around 40.2 km3/Y with a standard deviation of 7.5

km3/Y. The large variations if Total Flow (TF) comes from the Tonle Sap Lake catchment itself
(see Figure 8). The expected change in inflow because of change in water level in the dry and
wet seasons (See Figure 3.5-1-3) has so far not changed the Mekong inflow volume.

Conclusions

The Dai catch fisheries from October to March are based on the out migration from the Tonle Sap
Lake. During the down-going stage the major trigger is the lunar phases.

During Q2 and Q3 migration peaks and during the down going stage this happens 5 times (over 5
months). The sediment concentrations peak during the up-going stage and is not considered a

trigger.

The catch is strongly correlated to the Total Flow of water passing through the Tonle Sap Lake.
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Annex 3.6:
Lee trap fisheries 1994-2013

Figure 3.6-1. Lee traps fisheries on the Khone Falls.
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Definitions

Trend: Is an underlying pattern of behaviour in a time series, which could be partly or
nearly completely hidden by the recognized amounts of unexplained variation in the time
series (noise).

Variability: Denotes how stretched or squeezed a distribution is. Variability is typically
measured by the quotients of mean and standard deviation.

Change: Is the transition from one state to another significantly different state, ex change
in variability or trend. A 5% significance level is used (p <0.05).

Lee Trap Fisheries

The monitoring of the Lee trap fisheries began in 1994 in the Hoo Som Yai channel below the
Khone falls (see Figures 3.6-1 and 3.6-2).

Monitoring was conducted over a five-week period between May 24 and June 30 with samples
collected three times each week until 2008, where the monitoring period was extended by
three months until the end of September, as the traps are then either submerged or destroyed

by rising flood waters (MRC, 2013).

The MRCS database contains Lee trap fisheries data from 1994 to 2013.

Figure 3.6-2. Lee trap fisheries sampling locations and locations of above images (Arrows).

This analysis does not calculate total catch or catch pr. unit effort (CPUE) but looks at the timing,
trends and variability in the samples and links these to fish migration patterns and triggers. Since
2008 where sampling was extended and only data from this period is used.

Annex 3.6—2



Sustainable Hydropower Master Plan for the Xe Kong Basin

The migration pattern is described by temporal and locational trends correlated with
migration triggers.

Triggers
For the Lee trap fisheries, the following migration triggers are considered:

e Discharge

e Water

e leveland

e Current changes

Migration Pattern

The migration pattern has been described before, see ex. MRC, 2013.

Figure 3.6-3. The combination of Lee trap catch from 2008 to 2013 with flow into and out of the Tonle Sap Lake, the
Lunar cycles and water level at Prek Kdam hydro meteorological station. The zero (0) line divides the Tonle Sap inflow
and outflow; negative values denotes inflow, positive values outflow. Red and yellow dots show when flow changes
from in to out (red) and from out to in (yellow). Yellow dots mark the Lee trap fisheries per weight. Zoom for high
resolution image.

The Lee trap fishery takes place during the up going stage of the Mekong River. In years 2009,
2010 and 2012, 2013 itis clear that the major catches take place at the first up going stage, after
which it continues during the wet season at an almost constant level. In 2009, the registration
continued until end of December and showed a gradual decline in catch weight, see Figure 3.6-2
- yellow dots, example arrow in 2012. The general catch further south at Kratie goes on all year
(green dots under the x-axis).

As catch is almost constant after the initial peak, no visible connection to the Lunar phases is
seen. The trigger is the up going stage / increased discharge and velocity.

The upstream migration LMS (Lower Mekong System) species in preparation for spawning,
probably in the MMS (Middle Mekong System).

Conclusion

The Lee trap fishery starts with the up going stage of the Mekong River where a peak in catch
occurs. Thereafter an almost constant but slightly falling catch level (measured by weight) was
recorded. With an extended period in 2009 until December this trend continued during the
whole period.

No relation to Lunar cycles were recorded. The trigger for the upstream migration is the
increase in discharge / velocity.
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Annex 5.1:

Fish Collection Sites and Species List of the Xe Kong Basin
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Fish collection sites in the Xe Kong Basin.

NHI site Elevation Stream
number Latitude Longitude (m) Size Source Project Site Number
1 14.5956 106.5564 80 large Kotellat 2011 09-056
2 14.6086 106.5522 80 large Kotellat 2011 09-057
3 14.6128 106.5536 80 large Kotellat 2011 09-055, 09-059, 09-060
4 14.6200 106.5550 80 large Kotellat 2011 09-058
5 14.6206 106.5528 80 large MRCS 113
6 14.6350 106.5839 80 large MRCS 112
7 14.6758 106.5858 82 large MRCS 114
8 14.6794 106.4842 90 small Kotellat 2011 09-052, 09-053
9 14.6925 106.4781 86 small Kotellat 2011 09-051, 09-051A, 09-054
10 14.7253 106.4950 90 medium Kotellat 2011 09-050
11 14.9000 107.1500 134 medium MRCS 589
12 14.9072 106.8483 95 large MRCS 117
13 14.9356 107.0519 160 small Kotellat 2011 09-061, 09-061A
14 14.9386 106.8869 100 large MRCS 116
15 14.9497 106.8839 110 small MRCS 115
16 15.2450 106.7519 120 medium Kotellat 2011 09-062
17 15.2586 106.7733 130 small MRCS 120
18 15.2706 106.7436 119 large MRCS 119
19 15.2908 106.9461 240 small Kotellat 2011 09-066
20 15.2989 106.9031 206 small Kotellat 2011 09-067
21 15.3089 106.7119 117 large MRCS 118
22 15.3164 106.6408 153 small Kotellat 2011 09-071, 09-072
23 15.4811 106.7247 143 large Kotellat 2011 09-065
24 15.5047 106.7672 146 large Kotellat 2011 09-064
25 15.5125 106.8008 162 small Kotellat 2011 09-063
26 15.7150 106.8025 190 large Kotellat 2011 09-068, 09-069
27 15.7344 106.7494 194 large Kotellat 2011 09-070
28 15.9853 106.9423 320 large Xe Kong 5 EIA 2008 Xe Kong 5 EIA 2008
29 14.7825 107.1558 158 small Kotellat 2009 11-033
30 14.7925 107.4350 370 small Kotellat 2009 11-032
31 14,9814 107.0611 201 small Kotellat 2009 11-030
32 15.0064 107.0855 227 medium Kotellat 2009 11-029
33 15.0578 106.6028 731 medium Kotellat 2009 11-041
34 15.2300 107.1968 858 small Kotellat 2009 11-031
35 15.3609 107.2030 1118 medium Kotellat 2009 11-040
36 15.4553 107.2704 1197 small Kotellat 2009 11-038
37 15.4848 107.1852 1225 small Kotellat 2009 11-036
38 15.5121 107.3215 1112 small Kotellat 2009 11-034
39 15.5177 107.2242 1188 small Kotellat 2009 11-035
40 15.5209 107.3328 977 medium Kotellat 2009 11-039
41 15.5735 107.2174 1166 medium Kotellat 2009 11-037
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Combined species list of MRCS, Kottelat 2009 & 2011, and the Xe Kong 5 EIA

Acanthocobitis sp. n. 'Xe Kong'
Acanthopsoides delphax
Acanthopsoides gracilentus
Acanthopsoides hapalias
Acantopsis sp.

Akysis ephippifer

Akysis inermis

Akysis varius

Albulichthys albuloides
Amblyceps serratum
Amblyrhynchichthys truncatus
Anabas testudineus
Anguilla marmorata
Annamia normani
Annamia sp. n. 'Bolaven'
Auriglobus nefastus
Bagarius bagarius
Bagarius suchus

Bagarius yarrelli
Bagrichthys macracanthus
Bagrichthys obscurus
Balitora annamitica
Bangana behri
Barbonymus altus
Barbonymus gonionotus
Belodontichthys truncatus
Botia helodes

Botia modesta

Brachirus harmandi
Catlocarpio siamensis
Channa gachua

Channa micropeltes
Channa striata

Chitala blanci

Chitala ornata

Cirrhinus jullieni

Cirrhinus microlepis
Cirrhinus molitorella
Cirrhinus spilopleura
Clarias batrachus

Clarias gariepinus

Clarias macrocephalus

Clupeichthys aesarnensis

Clupisoma sinensis
Cosmochilus harmandi
Crossocheilus atrilimes
Crossocheilus oblongus
Crossocheilus reticulatus
Cyclocheilichthys enoplos
Cyclocheilichthys repasson
Cyclocheilicthys enoplos
Cyclocheilicthys sp
Cynoglossus microlepis
Cyprinus carpio

Dasyatis laosensis
Datnioides undecimradiatus
Devario gibber
Doryichthys contiguus
Esomus metallicus

Garra cambodgiensis
Garra cyrano

Garra fasciacauda
Glyptothorax filicatus
Glyptothorax lampris
Glyptothorax laosensis
Glyptothorax zanaensis
Gyrincheilus aymonieri
Gyrinocheilus aymonieri
Gyrinocheilus pennocki
Hampala dispar

Hampala macrolepidota
Helicophagus waandersii
Hemibagrus nemurus
Hemibagrus spilopterus
Hemibagrus wyckioides
Hemimyzon khonensis
Hemimyzon sp
Hemisilurus mekongensis
Henicorhynchus cryptopogon
Henicorhynchus lineatus
Henicorhynchus lobatus
Henicorhynchus siamensis
Heterobagrus bocourti
Homaloptera confuzona
Homaloptera smithi

Homaloptera tweediei
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Homaloptera yunnanensis
Hyporhamphus limbatus
Hypsibarbus lagleri
Hypsibarbus pierrei
Hypsibarbus sp.
Kryptopterus bicirrhis
Kryptopterus cryptopterus
Labeo chrysophekadion
Labeo dyocheilus

Labeo pierrei

Labeo pierri

Labiobarbus leptocheila
Labiobarbus siamensis
Laides longibarbis
Laocypris sp. n. 'Xe Kong'
Lates calcarifer
Lepidocephalichthys hasselti
Leptobarbus hoevenii
Lobocheilos melanotaenia
Lobocheilos rhabdoura
Lobocheilos sp

Luciosoma bleekeri
Luciosoma spp

Lycothrissa crocodilus
Macrochirichthys macrochirus
Macrochirichtys macrochirus
Macrognathus semiocellatus
Macrognathus siamensis
Macrognathus teaniagaser
Mastacembelus armatus
Mastacembelus favus
Mekongina erythrospila
Micronema apogon
Micronema bleekeri
Micronema cheveyi
Micronema micronemus
Monopterus albus
Monotrete cambodgiensis
Monotrete cochinchinensis
Monotrete suvattii
Monotrete turgidus
Mystacoleucus atridorsalis
Mystacoleucus marginatus
Mystus atrifasciatus
Mystus singaringan

Nemacheilus longistriatus

Nemacheilus pallidus
Nemacheilus platiceps
Neolissochilus blanci
Notopterus notopterus
Ompok bimaculatus
Onychostoma meridionale
Opsarius koratensis
Opsarius pulchellus
Osphronemus exodon
Osteochilus hasselti
Osteochilus hasseltii
Osteochilus lini
Osteochilus melanopleura
Osteochilus microcephalus
Osteochilus schlegeli
Osteochilus waandersii
Oxyeleotris marmorata
Pangasianodon hypophthalmus
Pangasius bocourti
Pangasius conchophilus
Pangasius krempfi
Pangasius kunyit
Pangasius larnaudii
Pangasius polyuranodon
Pangasius sanitwongsei
Pangasius siamensis
Pangasius sp. (juv.)
Pangio anguillaris

Pangio fusca

Papuligobius ocellatus
Parachela maculicauda
Paralaubuca barroni
Paralaubuca riveroi
Paralaubuca typus
Parambassis cf. siamensis
Parambassis siamensis
Plotosus canius
Poropuntius bolovenensis
Poropuntius carinatus
Poropuntius laoensis
Poropuntius lobocheiloides
Poropuntius normani
Pristolepis fasciata
Probarbus jullieni
Probarbus labeamajor

Pseudolais pleurotaenia
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Pseudomystus siamensis
Pteropangasius micronemus
Pteropangasius pleurotaenia
Puntioplites falcifer

Puntioplites proctozysron

Puntis brevis

Puntius arotaeniatus

Puntius aurotaeniatus

Puntius brevis

Puntius rhombeus

Raiamas guttatus

Rasbora amplistriga

Rasbora atridorsalis

Rasbora borapetensis

Rasbora daniconius

Rasbora myersi

Rasbora paviana

Rasbora rubrodorsalis

Rasbora trilineata

Rhinogobius taenigena
Scaphiodonichthys acanthopterus
Scaphiodonichthys sp. n. 'Dakchung'
Scaphognathops bandanensis
Scaphognathops stejnegeri
Scatophagus argus
Schapioodonichthys acanthopterus
Schistura bolavenensis

Schistura clatrata

Schistura dorsizona

Schistura fusinotata

Schistura imitator
Schistura khamtanhi
Schistura nomi

Schistura sp.

Schistura sp. n. 'Bolaven'
Schistura sp. n. 'Dakchung'
Schistura tizardi
Serpenticobitis octozona
Sewellia diardi

Sewellia elongata
Sewellia sp

Sewellia sp. n. 'Dakchung'
Sewellia speciosa

Sikukia gudgeri
Sundasalanx mekongensis
Syncrossus beauforti
Systomus sp

Tenualosa thibaudeaui
Thynnichthys thynnoides
Tor laterivittatus

Tor sinensis

Tor tambra

Tor tambroides
Trichogaster trichopterus
Trichopsis schalleri
Trichopsis vittata
Wallago attu

Wallago leerii
Xenentodon canciloides

Yasuhikotakia nigrolineata
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Annex 5.2:

Roster of Contributors to the Findings and Conclusions
from the Xe Kong Fishery Experts Workshop, Sept. 26 & 27,2016
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Annex 5.2: Roster of Contributors to Findings and Conclusions

The Findings and Conclusions from the workshop of Xe Kong fisheries experts reflects the

inputs from participants in the workshop, providers of materials used in the workshop,

individual consultations, and reviewers providing comments.

LAO EXPERTS—LISTED ALPHABETICALLY BY GIVEN NAME

EXPERT

AFFILIATION

NATURE OF CONTRIBUTION

AKHANE PHOMSOUVANH

DePUTY DIRECTOR, DEPARTMENT
OF LIVESTOCK AND FISHERIES

COMMENTER

BOUNTHONG SAPHAKDY

DIRECTOR GENERAL, DEPARTMENT
OF LIVESTOCK AND FISHERIES

COMMENTER

BOUTTAVONG SOMVANG

DIRECTOR GENERAL, MINISTRY OF
NATURAL RESOURCES AND
ENVIRONMENT

PARTICIPANT IN WORKSHOP

DOUANGKHAM SINGHANNOUVONG | DIRECTOR GENERAL, LAO AQUATIC | COMMENTER
RESOURCES RESEARCH CENTER
KAVIPHONE PHOUTHAVONG LAO AQUATIC RESOURCES COMMENTER

RESEARCH CENTER

OubomM PHONEKHAMPENG

VICE PRESIDENT, NATIONAL
UNIVERSITY OF LAO

CO-HOST AND PARTICIPANT IN
WORKSHOP

PHOUVIN PHOUVASANH

PROFESSOR, NATIONAL
UNIVERSITY OF LAO

PARTICIPANT IN WORKSHOP

SANHYA SOMVICHITH

MINISTRY OF ENERGY AND MINES

PARTICIPANT IN WORKSHOP

SEUMEE SOULITA

VICE DIRECTOR, SEKONG
ProvINCIAL OFFICE OF
AGRICULTURE AND FORESTRY

PARTICIPANT IN WORKSHOP AND
COMMENTER

SOMPHAN PHANOUSIT

LAO AQUATIC RESOURCES
RESEARCH CENTER

PARTICIPANT IN WORKSHOP

SOUVANNY PHOMMAKONE

DEPARTMENT OF LIVESTOCK AND
FISHERIES

COMMENTER

VIENXAY SOPHACHANH

LAO NATIONAL MEKONG
COMMITTEE

PARTICIPANT IN WORKSHOP

VILAYPHONE VOLAPHINE

DIRECTOR, ATTAPEU PROVINCIAL
OFFICE OF AGRICULTURE AND
FORESTRY

PARTICIPANT IN WORKSHOP AND
COMMENTER

VITHOUNLABANDITH
PHATHOUMMABUD

MINISTRY OF ENERGY AND MINES

WORKSHOP PARTICIPANT

VONSINE VONGINKHAM

MINISTRY OF NATURAL
RESOURCES AND ENVIRONMENT

PARTICIPANT IN WORKSHOP
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FOREIGN EXPERTS—LISTED ALPHABETICALLY BY SURNAME

EXPERT AFFILIATION NATURE OF CONTRIBUTION
IAN BAIRD PROFESSOR, UNIVERSITY OF PARTICIPANT IN WORKSHOP AND
WISCONSIN COMMENTER
ERIC BARAN WORLD FisH CENTER PROVIDED MATERIALS FOR
WORKSHOP
KENT CARPENTER PROFESSOR, OLD DOMINION COMMENTER

UNIVERSITY

PHEN CHHENG

DIRECTOR GENERAL, INLAND
FRESHWATER RESEARCH AND
DEVELOPMENT INSTITUTE OF
CAMBODIA

PARTICIPANT IN WORKSHOP AND
COMMENTER

IaN Cowx

PROFESSOR, UNIVERSITY OF HULL

PROVIDED MATERIALS FOR
WORKSHOP

ASHLEY HALLS CONSULTANT PARTICIPANT IN WORKSHOP
KENT HORTLE CONSULTANT PARTICIPANT IN WORKSHOP
ERLAND JENSEN CONSULTANT, NHI TEAMm PARTICIPANT IN WORKSHOP
MAURICE KOTTELAT CONSULTANT INDIVIDUAL CONSULTATION
MARTIN MALLEN-COOPER CONSULTANT, NHI TEAMm PARTICIPANT IN WORKSHOP
PETER-JOHN MEYNELL CONSULTANT INDIVIDUAL CONSULTATION

So NAM

MEKONG RIVER COMMISSION
SECRETARIAT

PARTICIPANT IN WORKSHOP

VORADETH PHONEKEO

MEKONG RIVER COMMISSION
SECRETARIAT

PARTICIPANT IN WORKSHOP

GREGORY THOMAS NHI Team Co-HOST AND PARTICIPANT IN
WORKSHOP

BINH DANG THUY PROFESSOR PARTICIPANT IN WORKSHOP

TERRY WARREN NHI Team PARTICIPANT IN WORKSHOP
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Annex 5.3:

Executive Summary of the Findings and Conclusions
from the Xe Kong Fishery Experts Workshop, Sept. 26 & 27,2016
Lao Translation
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! Here we define larvae as the phase between hatching from the egg up to the time the fish is a juvenile. This larval
phase can further be sub-divided into three stages: (i) Yolk-sac stage: after hatching the larva has a yolk sac, which is
visibly attached to the anterio-ventral part of its body; (ii) Pre-larval stage: this stage begins when the eye is fully
pigmented and the mouth and anus are open and the fish begins to feed on external prey; and (iii) Post-larval stage:
during this stage, the urostyle completes upward flexion, the caudal, dorsal and anal fins develop, and the small fish
begins to resemble a juvenile (Termvidchakorn, A. and K.G. Hortle, 2013).
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Assessing the presence of endemic and
rare and endangered species in the
Sekong river basin

A report for the Natural Heritage Institute

By Peter-John Meynell and Philip Knight

July 2017

NOTE:

The names of some of the dam sites have changed, or been removed from the Master Plan, since this
report was produced. For example, Xe Kong 3up and Xe Kong 3d, on the mainstem, are now called Xe
Kong 3B and Xe Kong 3A, respectively. Other changes are noted on page 32.
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1 Introduction

This report has been prepared for the Natural Heritage Foundation as part of the development of
sustainable hydropower plan for the Sekong river basin. It provides an initial proof of concept to see
if potential river reaches where rare and endemic fish species may be located in the Sekong river
basin, from existing river reach classification and knowledge about the distribution of fish species. If
the approach proves useful then it can be applied to other tributaries in the Lower Mekong Basin.

The objectives of the study are:

1. To identify ecologically important river reaches in the Sekong, especially for endemic, rare
and threatened fish and other aquatic species.

2. To compare the areas identified for possible additional hydropower with these and other
ecologically important river reaches in the Sekong

3. To identify areas that should not be developed for hydropower because of their potential
habitats for rare and endemic fish species

The study is therefore focused on assessing the siting options for sustainable hydropower by
identifying river reaches that may be inundated, which have a high probability of being critical
habitats for endemic species, which could thus be pushed towards extinction. In doing this we are
using data which describes the character of the river reaches, highlighting those river reach types
where endemic species are most likely to be found, and rare river reaches which may give rise to
endemism.

2 Method

The method brings together several data sets that provide information on the river reach
classification types and fish and other aquatic species recognised from the Sekong river basin
together with information from earlier ichthyological surveys. These datasets are:

1. River reach classification of the Greater Mekong sub-region prepared for WWF Greater
Mekong by Lehner and Dallaire 2014 (Lehner, 2014). This classifies small sections of the
rivers (river reaches) between 0.5 — 3 km in length according to the classes based upon
hydrological size, physio-climatic class, and geomorphological class, as shown in Figure 2-1.
These classes provide the basic description of the different types of rivers where endemic
fish species have been found in the past, and allows a comparison with river reaches
elsewhere in the basin which have been identified as potential sites for hydropower
development.
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Figure 2-1: Structure of the river reach classification

2. IBAT (Integrated Biodiversity Assessment Tool)! database which provides datasets on
Protected areas, Key Biodiversity Areas (KBAs) and IUCN Red listed species. Of particular
interest for this study are the datasets of aquatic species that have been red list assessed
arranged by HydroBasin. HydroBasins are sub-basins or smaller catchments making up the
larger basins; for this assessment, we use HydroBasins level 8. The aquatic species that have
been included in these datasets are fish, Odonata (dragon flies), Molluscs (snails), crustacea,
and aquatic plants. During the red listing process their ranges have been predicted in each
sub-basin, and their red list status (Critically Endangered (CR), Endangered (EN), Vulnerable
(VU), Near Threatened (NT), Least Concern (LC) and Data Deficient (DD)) provided. (IUCN,
2017)

This IUCN Redlist freshwater dataset has been compiled by the species specialists
completing the IUCN Redlist assessments for those freshwater taxonomic groups in the
Greater Mekong sub-region. The association of particular species with each hydrobasin is
based upon the known or expected ranges of these species; it is a prediction that these
species are likely to be found in these sub-basins. In some cases, this will be based upon field
surveys, but for most species it remains a prediction of their likely range, rather than proven
occurrence. Nevertheless, in the absence of field data, it is a useful dataset to work for this
study.

3. Ichthyological surveys principally carried out in the Sekong by Kottelat in 2009 and 2011
(Kottelat M., Fishes of the Xe Kong drainage in Laos - Report for WWF Aquatic Resources
Management to Improve Rural Livelihoods of the Xe Kong Basin, 2009) (Kottelat M., 2011).
The locations and species found including endemic species and potentially new species to
science have been georeferenced and linked with the prevailing river reach types in those
areas. In addition to these ichthyological surveys the comprehensive catalogue of fish
species found in SE Asian rivers (Kottelat M. , 22 November 2013) was consulted to identify

T www.ibat_alliance.org
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fish species whose holotype was first described from the Sekong and their type locality. This
includes earlier fish type descriptions by Kottelat and Tyson Roberts. More recent village
surveys of migratory fish on the Sekong by Terry Warren and Dr Phouvin Phousavanh for
Natural Heritage Institute in 2016 have also been considered, especially for the listing of 55
migratory species moving up the Sekong.

The synthesis of these different datasets and their comparison has been pulled together using GIS,
so that the following maps and comparative listings of the data have been prepared:

1. Map and analysis of the river reach types for the Sekong river basin. This has been further
divided into the HydroBasins Level 8 found in the Sekong

2. Analysis of the rarity of river reach types, broken down into three categories — Rare river
reach types (1 — 20 %) Medium rare (21 — 40%), Common (41 — 60%). The rarity of river
reaches has been mapped, showing the distribution of different types.

3. Analysis of the predicted distribution of endangered fish species in the sub-basins of the
Sekong, according to Critically Endangered species, Endangered and Vulnerable species.
Analysis of the numbers of endemic species found in the different sub-basins.

4. Comparison of the river reach type composition of the sub-basins where endemic species
and species that are potentially new to science are found, with sub-basins where existing
and proposed hydropower dams and reservoirs are located.

A simple risk rating of hydropower projects in the Sekong for the inundation of the preferred
habitats of the endemic fish species has been prepared by considering the size of the reservoir in
lengths of river reaches inundated, the proportion of rare river reaches in each reservoir and the
proportion of high gradient and high elevation river reaches that are inundated. The dimensions for
each of these are rated on a relative scale of 1 — 3, and these are then multiplied together to give a
risk score. The risk scores are then grouped to give the risk ratings e.g. High (9 — 12), Medium (5 — 8)
and Low (1 —4) (see Table 4-6).
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3 Results

3.1 Analysis of river reach types in the Sekong
The river network in the Sekong river basin are shown Figure 3-1 and the constituent river reach
classes are shown in Figure 3-2.

The analysis of the river reaches by size shows that large river reaches (average annual flow between
100 — 1,000 m3/sec) mostly flow through dry broadleaf forest regions and that the rarest (less than
10%) of the large river reaches are those that flow through dry broadleaf forest regions with
floodplains, and those that flow through moist broadleaf forest regions at low elevations and with
low gradient. (Table 3-1)

Table 3-1: Analysis of large river reach lengths in the Sekong

% of Total
Sum of Simple

Combined Class Reach Hydrological
Code B Description Length  [§f Class

24103|Large river, in dry broadleaf forest region, with floodplains 18.51 3.07

23101 |Large river, in moist broadleaf forest region at low elevation, with low gradient 39.39 6.53

24105|Large river, in dry broadleaf forest region, with floodplains and sediment 221.42 36.70

24101|Large river, in dry broadleaf forest region, with low gradient 324.01 53.70

The largest proportion of the medium sized rivers (average annual flow 10 — 100 m3/sec) flow
through dry broadleaf forest regions with low gradient, while the rarer reaches flow through moist
broadleaf forest regions at high elevation with both high and low gradient and at low elevation with
high gradient. (Table 3-2).

Table 3-2: Analysis of Medium river reaches in the Sekong

% of Total
Simple
Combined Class Hydrological
Code B Description Class
33302|Medium river, in moist broadleaf forest region at high elevation, with high gradient 14.22 1.59
33102|Medium river, in moist broadleaf forest region at low elevation, with high gradient 31.69 3.54
33301|Medium river, in moist broadleaf forest region at high elevation, with low gradient 43.25 4.83
33101|Medium river, in moist broadleaf forest region at low elevation, with low gradient 145.52 16.26
34103|Medium river, in dry broadleaf forest region, with floodplains 161 17.99
34101|Medium river, in dry broadleaf forest region, with low gradient 499.43 55.80

The largest proportion of small rivers (average annual flow 1 — 10 m3/sec) flow through dry broadleaf
forest regions with low gradient. The rarest river reaches are those that flow through a karst region
at high and low elevation followed by those flowing through moist broadleaf forest regions at low
elevation and with low and high gradients. There is also a rare river reach type that flow through dry
broadleaf forest region with high gradient. (Table 3-3).
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Table 3-3: Analysis of small river reaches in the Sekong

% of Total
Sum of Simple
Combined Class Reach Hydrological
Code B Description Length [§J Class
48100(Small river, in karst region at low elevation 4.82 0.14
48300(Small river, in karst region at high elevation 6.87 0.20
43101 (Small river, in moist broadleaf forest region at low elevation, with low gradient 173.64 4.96
43102 (Small river, in moist broadleaf forest region at low elevation, with high gradient 256.39 7.33
44102 (Small river, in dry broadleaf forest region, with high gradient 329.47 9.42
43301 (Small river, in moist broadleaf forest region at high elevation, with low gradient 404.61 11.57
43302 (Small river, in moist broadleaf forest region at high elevation, with high gradient 500.5 14.31
44101 (Small river, in dry broadleaf forest region, with low gradient 1822.02 52.08

The commonest small headwater streams with average annual flows of less than 1 m3/sec, are those
that flow through dry broadleaf forest regions and through moist broadleaf forest regions at high
elevation. The rare small headwater reaches flow through karst regions at high and low elevation,
and that flow through moist broadleaf forest regions at low elevation. (Table 3-4)

Table 3-4: Analysis of small headwater streams in the Sekong

% of Total
Sum of Simple

Combined Class Reach Hydrological
Code B Description [ Length  [jl Class

58100|Small headwater stream, in karst region at low elevation 5.66 0.08

58300|Small headwater stream, in karst region at high elevation 17.71 0.25

53100|Small headwater stream, in moist broadleaf forest region at low elevation 701.02 9.77

53300|Small headwater stream, in moist broadleaf forest region at high elevation 2313.33 32.25

54100|Small headwater stream, in dry broadleaf forest region 4135.52 57.65

The distribution of the rare river reaches is shown in Figure 3-3 and Table 3-5. One of the hypotheses
of this paper is that rare river reaches are more likely to provide the more isolated and different
habitats necessary for the development of endemic species. It is therefore a necessary first step to
identify where the rare reaches occur. Rarity is arbitrarily taken as the river reach classes with less
than 10% of the lengths of river reaches in the same size class.
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Figure 3-1: River reach network in the Sekong River Basin
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Figure 3-2: Sekong River Reach classification with sub-basins
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Figure 3-3: Distribution of rare river reaches in the Sekong River basin
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Table 3-5: Lengths (km) of River reach classes in each sub-basin, with rare river reach classes highlighted

Sub-basin Code

Class ID Class Description 99 98 97 9 95 94 93 92 69 68 91 80 67 66 65 64 70 61 63 62 29 28 27 26 24 50 25 40 22 23 21 30 19 18 17 16 15 14 12 13 11
23101[Large river, in moist broadleaf forest region at low elevation, with low gradient 22.79 16.6
24101 Large river, in dry broadleaf forest region, with low gradient 66.25) 5164 7.71] 16.93 10.03] 60.22] 15.83] 73.28| 22.12] |
24103|Large river, in dry broadleaf forest region, with i 3.97] | 14.54] |
24105 Large river, in dry broadleaf forest region, with and sediment 23.88] 49.86] 23.62| 26.74 18.53 9.32] 69.47]
3101|Medium river, in moist broadleaf forest region at low elevation, with low gradient 34.62[ 41.82 4.78] 27.13 2.38] 2.21] s.01 24.91] 2.66|
33102 Medium river, in moist broadleaf forest region at low elevation, with high gradient 6.92 314 4.38] 2.03|_6.06) 8.74]
33301[Medium river, in moist broadleaf forest region at high elevation, with low gradient 5 5.66| 32.59|
33302|Medium river, in moist broadleaf forest region at high elevation, with high gradient 415 1.09 1.54] 4.66 2.78]
34101 Medium river, in dry broadleaf forest region, with low gradient 37.49] 3.7 13.69] 11.9] 820 7.9| 1821 38.11] 641 2429 174 1.54] 91.48] 40.19 11.89 95.9] 35.19 20.91 1.94 28.89
34103[Medium river, in dry broadleaf forest region, with 2.43_a.62 31.09| 7.84 15.99] 1.54] 20.72[ 31.09) 884 13.74 373 10.81] 6.56)
43101[Small river, in moist broadleaf forest region at low elevation, with low gradient 71.22] 14.46| 8.94] 225 0.64] 046 284 5.75) 0.64] 21.78] 8.78] 10.99) 4.62
43102[Small river, in moist broadleaf forest region at low elevation, with high gradient 27.22] o.11] 17.89] 63.63| 1.57| 22.17 11.44] 3.29] 873 914 73 3.04] 444 4.07| 7.93[ 442 5.88| 5.16]
43301[Small river, in moist broadleaf forest region at high elevation, with low gradient 16.23] 2658 _1.75] 45.25 11.79] 71.41 55.05| 106.2] 1032 3.21] 8.39] 16.65 31.76)
43302|Small river, in moist broadleaf forest region at high elevation, with high gradient 7.45] 29.05 475 819 54 14.51| 43.4] 48.39) 19.38] 41.32] 20.38] 30.28| 45.73] 6.38] 22.94] 37.92 7.57| 1646
44101[Small river, in dry broadleaf forest region, with low gradient 33.8| 3.14] 86.91] 1.57 9.38| 53.22] 3.3 578 83| 7.41] 97.42] 90.18] 1755 19.97] 4.89 10.03| 60.88| 64.4] 138.8] 200.4] 83.24] 26.98| 195.3( 37.18] 47.86] 24.26| 143.3[ 55.49] 1.99] 127.1
44102[Small river, in dry broadleaf forest region, with high gradient 61.12] 20.77] 294 5.32] 089] 1407 575 7.74] 1| 84 2.18] 64.57] 21.52] 10.33 2.96|_2.68] 34.43 13.55 3.79)
48100[Small river, in karst region at low elevation 4.82
48300[Small river, in karst region at high elevation 6.87]
53100[Small headwater stream, in moist broadleaf forest region at low elevation 123.4] 109 0.67] 12.65] 100.8| 8.08| 45.26| 27.51] 4.11 2.03| 36.38] 20.9] 19.16 18.43 138 . 23] 1111 6.75) 872
53300[Small headwater stream, in moist broadleaf forest region at high elevation 95.07| 189.9) 204.6] 107.4] 202.1_5.28] 85.51| 335.4] 156.5| 357.7] 136.1] 58.16) 39.45| . 1218 12.42] 29.69 14.13]
54100[Small headwater stream, in dry broadleaf forest region 158.4] 29.28] 207.8] 1.16] 3.12 634 6.98] 5717 3.15) 2219 19.7] 190.5] 408.9] 90.36 12.04] 56.48| 195.5| 34.76 403.3| 303.5] 35.24] 15.65] 230.3] 41.59] 199.7| 92.77| 94.92] 87.36] 304.2| 84.21] 17.79)
headwater stream, in arst region at low elevation 3.46) 22| # | ‘1 | | #
58300[Small headwater stream, in karst region at high elevation 17.71]

Grand Total 365.9 348.5 5.45 353.1 649 422.2 455.9 168 517.8 293 68.35 652.2 348.5 1343 111.5 154 675.2 37.27 412.8 872.5 368.7 105.3 42.36 42.06 179.5 327.2 50.75 673.9 677.2 70.35 30.19 406.7 92.19 410.7 156.7 150.3 130.2 487.2 146.3 29.1 548
af 1] e 4 af o 4 4 of a4 4 3 2f af o 2 2 o 1 2 i 1] o o il o o o o o
46| 532 65 130 277 69 112[ 315] 00| 107] 179 100 154] 49 00| 45| 29 00| 51| 20 o0 482] 33 oo 00| o0of 25 oo oo oo oo oo

Number of rare dlasses in each sub-basin a8 1 5
[ [Proportion of rare classes of all classes in sub-basin % | 62.5] 20.5] 123] 133|

S| 6 4 2 ¢
386] 121 221] 232 94

Figure 3-4: Distribution of rare river reach classes by sub-basin
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3.2 Distribution of river reach classes in the Sekong sub-catchments

There are 41 sub-basins delineated at HydroBasin Level 8. These are shown superimposed on the
river reach class map in Figure 3-2 and Figure 3-3. Note that the high sub-basin code numbers are
those in the upper catchment, thus the code numbers 91 — 99 are sub-basins in the headwaters of
the Sekong itself, whilst numbers 61 — 69 cover the Xe Kaman. The sub-basin code numbers are
described below.

Sub-basin Code  Description

99 Upper catchment in Vietnam

91-99 Upper catchment — Se Sap

80 Eastern catchment of Bolevan Plateau

70 Sekong mainstem through Sekong province
63 -69 Xe Kaman

62 Xe Xou

61 Confluence between Sekong and Xe Kaman
40 Nam Khong

30 Attapeu Plain

22-29 Southern catchment of Bolevan — Se Pian, Se Namnoy
21 Confluence between Sekong with Se Pian
11-19,30 Mainly in Cambodia

An analysis of the distribution of the lengths of river reach classes in each sub-basin is provided in
Table 3-5 which also has the rare river reach classes highlighted. The distribution of rare river reach
types is shown diagrammatically in Figure 3-4. This clearly shows that the lower sub-basins have
relatively few or no rare river reaches, in comparison to those in the highlands of the Sekong, Xe
Kaman and Bolevan. The Sub-basins that stand out with both high rare river reach diversity and
proportions are 99 — 91, which generally have between 4 — 6 rare reach classes and depending upon
the size of the sub-basin may have proportions of rare river reaches between 10 up to 60%. Sub-
basin is a small basin with only one rare river reach class (Small headwater stream, in moist
broadleaf forest region at low elevation) but making up a large proportion in a small area. The Sub-
basin with the highest proportion is 99 which has 4 rare river reach classes making up 60% of all the
river reaches in the sub-basin. Sub -basin 98 is also interesting in that it is the only Sub-basin which
has karst river reaches.

The Xe Kaman sub-basins (62 — 69) have similar if slightly lower rare river reach profiles, usually
about 4 rare river reach classes with a proportion between 10 — 20%. Sub-basin 80 on the Bolevan
has a high diversity of rare river reaches, 6, but a low proportion about 10% largely because of the
total length of river reaches (662 km or 10 times the lengths of 91). The lower reaches are
distinguished by having few rare reach lengths. Sub-basin 21 is also interesting because it has one of
the rare large river reaches (Large river, in dry broadleaf forest region, with floodplains) which makes
up a high proportion of a relatively small sub-basin at the confluence of the Sekong with the Xe Pian.
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3.3 Other aquatic species distribution in the Sekong river basins

The following analysis of aquatic species has been drawn from the IBAT database, drawing on the
IUCN Red listing of Freshwater species. The database records the probable presence of aquatic
species (aquatic plants, molluscs (gastropods and bivalves), insects - dragon flies, crustacea (shrimps,
prawns and crabs), and fish) in each of the hydrobasins listed above. This indication of probable
presence is based upon the known ranges and habitats of the species that have been assessed by
Red Listing of threatened species. It is based upon expert judgement of the assessors, rather than on
definitive presence recorded by surveys. It is noted that IBAT data does not exist for sub-basin 70,
which is why it is missing from the tables or coloured grey on the maps.

The database thus provides a probable distribution of these aquatic groups in the sub-basins. The
focus for this paper is upon fish, but the highlights of other groups are briefly described first.

3.3.1 Aquatic Plants

According to the IBAT database the Sekong basin lies within the ranges of 121 species of aquatic
plants of which 113 are of Least Concern on the IUCN Red list and 8 are Data Deficient. Whilst most
of the plant species are widely distributed throughout the basin, a few species are reported to have
a very limited distribution through the sub-basins. These are Blyxa quadricostata and Cryptocoryne
mekongensis, both of which are restricted to Sub-basins 18, 22 and 24 or the eastern sides of the
Bolevan plateau; and Sagittaria pygmaea which is similarly restricted.

3.3.2 Mollusca

From the IBAT database of Mollusca, the Sekong sub-basins contain 74 species of which 3 are Near
Threatened, 48 are of Least Concern and 3 are Data Deficient. The three Near Threatened species
were first described from the Siphandone area, a recognised hotspot for mollusc biodiversity, but
these appear to be quite widely distributed in the Sekong. There is one probable endemic to the
Sekong, Anulotaia mekongensis, which is Data Deficient and found in the southern Bolevan and in
some of the lower sub-basins in Cambodia. The species list is provided in Annex 2.

3.3.3 Odonata

The Sekong lies in the range of 98 species of dragonflies, of which 90 are considered to be of Least
Concern on the IUCN Red list and 9 are Data Deficient. Many of the species are widely distributed
throughout the Sekong basin. Of the Data Deficient species several are probably endemic to the
Sekong - Amphithemis kerri and Protosticta robusta both found in the upper Sekong sub-basins 91 —
99; Leptogomphus baolocensis found in the southern Bolevan sub-basins; Macromia septima widely
distributed but the genus needs a review; The list of species is provided in Annex 1.

3.3.4 Crustacea

The IBAT database records 11 species of crustacea of which 9 are of Least Concern and 2 are Data
Deficient. There are 5 species of Macrobrachium, including the long distance migratory species M.
rosenbergi, which is restricted to the lower sub-basins up to the confluence of Xe Kaman with
Sekong. There is also an endemic crab, Vietopotamon aluoiense, which was first described in A Luoi
in Vietnam and is found in the top nine sub-basins, and a Laos endemic crab, Pupamon pealianoides,
found in 30 of the sub-basins — both are data deficient. Sub-basins 99 and 62 appear to be the most
biodiverse with 9 and 8 species respectively, compared to the others which have 3 —5 species each.
The full list of crustacea is found in Annex 3.
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3.4 Distribution of Fish in the Sekong sub-basins

3.4.1 Threatened fish species

The IBAT database lists 259 species, of which 2 are Critically Endangered Catlocarpio siamensis and
Pangasius sanitwongsei, both found in the lower sub-basins of the Sekong, though the latter will
migrate up into sub-basins 61 and 80 and around the southern Bolevan. The distribution of Critically
Endangered species is shown in Figure 3-5 and Figure 3-6.

Figure 3-5: Distribution of Critically Endangered fish species in the Sekong sub-basins
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Figure 3-6: Critically Endangered fish species by sub-basin in the Sekong

Critically Endangered Species
Presence by Hydro Basin
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28
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Basin ID

0 0.5 1 1.5 2 2.5
Species Count

H Catlocarpio siamensis M Pangasius sanitwongsei

There are 9 Endangered species found in the Sekong sub-basins, three of which are restricted to the
lower sub-basins - Laubuca caeruleostigmata, Pangasianodon hypophthalmus and Probarbus
labeamajor and six of which are found in the upper sub-basins and on the Bolevan - Poropuntius
bolovenensis, Poropuntius consternans, Poropuntius lobocheiloides, Poropuntius solitus, Schistura
bairdi, Schistura bolavenensis, and many of these are also endemic to the Sekong.

It can be seen from Figure 3-7 and Figure 3-8, that sub-basin 21 hosts the highest number of
Endangered fish species with a total of 7, sub-basins 80 and 91 — 99 host 5 Endangered species, the
southern Bolevan sub-basins and the lower sub-basins in Cambodia host 4 Endangered species, but
the Nam Khong and Xe Kaman do not appear to host any Endangered fish species. Sub-basin 21
appears to be at a meeting point of suitable habitats for most of these species.
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Figure 3-7: Distribution of Endangered fish species in the Sekong sub-basins
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Figure 3-8: Endangered fish species by sub-basin in the Sekong

Endangered Species Presence by Hydro Basin

11
13
15

17

19

22

24

26

Basin ID

28

30

61

91

93

95

97

99

o
=
N
w
IN
wn
a
~
0

Species Count

M Laubuca caeruleostigmata B Pangasianodon hypophthalmus
B Poropuntius bolovenensis Poropuntius consternans

B Poropuntius lobocheiloides B Poropuntius solitus

B Probarbus labeamajor B Schistura bairdi

B Schistura bolavenensis

There are 12 Vulnerable fish species found in the Sekong sub-basins (see Figure 3-9 and Figure 3-10).
Three of these are found in the upper sub-basins Bangana behri, Labeo pierrei, and Yasuhikotakia
nigrolineata as well as in a few of the other sub-basins. Schistura kontumensis is restricted to the Xe
Xou and upper Xe Kaman sub-basins, while the others - Datnioides undecimradiatus,
Epalzeorhynchos munense, Hypsibarbus lagleri, Osphronemus exodon, Oxygaster pointoni, Pangasius
krempfi, Scaphognathops bandanensis, are mainly found in the lower Sekong sub-basins and the
southern Bolevan sub-basins. These have between 7 and 10 Vulnerable fish species. As before sub-
basin 21 has the highest diversity of Vulnerable fish species. The Nam Khong hosts only three
Vulnerable fish species Labeo pierrei, Epalzeorhynchos munense and Osphronemus exodon. Cirrhinus
microlepis is only found in the three lowest sub-basins in Cambodia.
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Figure 3-9: Distribution of Vulnerable fish species in the Sekong sub-basins
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Figure 3-10: Vulnerable fish species by sub-basin in the Sekong

3.4.2 Migratory fish species

The distribution of the important migratory fish species listed by Warren and Phouvin during their
consultations with villagers in the upper parts of the Sekong in 2016, has been mapped as shown in
Figure 3-11 and Figure 3-12. As expected the highest numbers of migratory fish species are predicted
to be found in the lower reaches of the Sekong, especially in Cambodia. In the lower parts of the
basin in Lao, about 10 — 15 species are predicted to be found in the Xe Pian tributary and in the
mainstem up to Attapeu. Above Attapeu in the Sekong and Xe Kaman, between 5 — 10 migratory
species are predicted through the IUCN Redlist freshwater database.
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Figure 3-11: Distribution of migratory fish species in the Sekong sub-basins
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Figure 3-12: Migratory fish species by sub-basin in the Sekong
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3.4.3 Endemic fish species

When considering the distribution of endemic species of fish (see Figure 3-13 and Figure 3-14) the
opposite pattern to diversity of threatened species exists with the upper Sekong sub-basins 91 — 99
having the highest number of endemics — 10 species. Sub-Basin 61 — the confluence of the Sekong
with the Xe Kaman also has 10 endemics, and site no 21, the confluence of the Sekong with the Xe
Pian has 9 endemics. The Bolevan sub-basins (23 — 29, 80 and 50) have 8 endemics and it is probable
that sub-basin 70 would have a similar number (if the IBAT data existed). The Xe Kaman has 4
endemic species, while the Xe Xou and Nam Khong have 2 endemic fish species.

Figure 3-13: Distribution of Endemic fish species in the Sekong sub-basins
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Figure 3-14: Endemic fish species by sub-basin in the Sekong
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3.5 Highlighting endemic fish species sub-basins

The surveys of fish species in the Sekong and Xe Kaman carried out by Kottelat in 2009 and 2011,
and his earlier surveys in early 2000 when he was compiling the book Fishes of Lao, have been used
to identify the locations and sub-basins of endemic species. These surveys also include species that
Kottelat identifies as species new to science (these are described as sp. n. with a location e.g.
(Annamia sp. n. 'Bolaven'), and species which are also probably new but which have a close
resemblance to other species (these are described as aff. with specific name of similar species e.g.
Glyptothorax aff. zanaensis). In addition, the catalogue of fish species found in SE Asian rivers
(Kottelat, 22 November 2013) has been used to identify the locations and sub-basins where the
holotypes of fish have been found in the Sekong river basin. These have been plotted in a matrix of
the sub-basins in Table 3-6 and expressed graphically in Figure 3-15.

While recognising that such an analysis is highly dependent upon where surveys have been carried
out, rather than representing actual distributions, we can see that the sub-basin with the most
number of endemic fish species is sub-basin 80 on the eastern catchment of the Bolevan plateau.
Next there appears to be a strong grouping of sub-basins — 61, 62, 63, and 70 with a number of
similar endemic species. There is another grouping of sub-basins 69, 93 and 95 with similar endemic
species.

3.6 Preferred habitats of endemic fish species in the Sekong
An analysis of the preferred habitats of the fifteen endemic fish species of the Sekong is shown in
Table 3-7. This shows that:

e 3 fish are high elevation species, Glyptothorax filicatus, Poropuntius aluoiensis, Poropuntius
bolovenensis
e 2 fish prefer cooler water - Poropuntius consternans, Poropuntius lobocheiloides, i.e. found
in higher elevations
e 10 species are found in streams, and 5 in rivers — of these 6 species are only found in
streams and 1 is only found in the larger rivers — 4 are found in both rivers and streams
e 9 species prefer fast flowing water — 2 in riffles, 8 in rapids and 5 around waterfalls
o Riffles - Schistura nomi, Schistura rikiki
o Rapids - Poropuntius consternans, Poropuntius lobocheiloides, Schistura clatrata,
Schistura tizardi, Serpenticobitis octozona, Sewellia diardi, Sewellia elongate,
Sewellia speciosa
o Waterfalls - Poropuntius consternans, Poropuntius lobocheiloides, Sewellia diardi,
Sewellia elongate, Sewellia speciosa
e 4 species like clear water - Poropuntius bolovenensis, Poropuntius consternans, Poropuntius
lobocheiloides, Pseudobagarius inermis
e Only 1 fish is found around muddy bottoms, Akysis bilustris, which also occurs in sandy
bottoms. Glyptothorax filicatus also occurs in sandy bottoms
e 5 species occur in gravel and stony bottoms - Pseudobagarius inermis, Schistura clatrata,
Schistura nomi, Schistura tizardi, Serpenticobitis octozona
e 3 arefound in rocky bottoms - Glyptothorax filicatus, Poropuntius consternans, Poropuntius
lobocheiloides

This analysis shows that most of the endemic species are found in the upper reaches, generally
smaller streams and rivers, in fast flowing water, i.e. high gradient, with gravel, stones and rocky
bottoms. They are most often found around riffles, rapids and waterfalls.
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Table 3-6: Endemic fish species found in the Sekong and its sub-basins

Sub-basin Code

Species Binomial Endemic 99|98(97|96|95(/94|93(92|69|68(91|80|67|66|65(64|70(61|63|62(29|28|27|26|24|(50|25|40(22|23(21|30{19(18|17|16/15|14(12|13|11
Acanthocobitis sp. n. 'Xe Kong' new 1
Akysis bilustris Holotype in Sekong 1

Annamia sp. n. 'Bolaven’ new 1

Glyptothorax filicatus Holotype in Sekong | 1 1 1

Glyptothorax aff. zanaensis probably new 1|1

Laocypris sp. n. 'Xe Kong' new 1)1 1

Pangio aff. anguillaris probably new 1 1
Pangio aff. fusca probably new 1 1
Poropuntius bolovenensis Holotype in Sekong 1

Poropuntius consternans Holotype in Sekong 1

Poropuntius lobocheiloides Holotype in Sekong 1

Pseudobagarius inermis Holotype in Sekong 1

Rasbora amplistriga Holotype in Sekong 1

Rasbora aff. atridorsalis probably new 1

Rasbora aff. daniconius probably new 1 1

Scaphiodonichthys sp. n. 'Dakchung' [new 1

Schistura clatrata Holotype in Sekong 1 1 1 1 1 1)1

Schistura diminuta Holotype in Sekong 1

Schistura khamtanhi Holotype in Sekong 1 1|1 1 1

Schistura nomi Holotype in Sekong 1 1

Schistura rikiki Holotype in Sekong 1

Schistura tizardi Holotype in Sekong 1 1 1|1

Schistura sp. n. 'Bolaven’ new 1

Schistura sp. n. 'Dakchung’ new 1 1

Serpenticobitis octozona Holotype in Sekong 1 1 1

Sewellia elongata Holotype in Sekong 1

Sewellia diardi Holotype in Sekong 1 1

Sewellia speciosa Holotype in Sekong 1 1 1 1 1

Sewellia sp. n. 'Dakchung' new 1

Tor aff. tambra probably new 1

Tor aff. tambroides probably new 1 1 1

Yasuhikotakia splendida Holotype in Sekong 1

Total number of likely endemic species i1/0/0|/0f(4|0Of7|1|4]|]0|0O|24/2|0O|0|0|7|3|6|9(2|0|0|2|0]|1|2|0|0O|O0|0|3]|0|Of(O[O[O|O0O]|0O0]|O0]|O

Note that although holotypes of Rasbora amplistriga and Schistura khamtanhi were first described from the Sekong, they are also found in Mekong

mainstream around Khone Falls, so they are not strictly endemic only the Sekong.
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Table 3-7: Preferred habitats of endemic fish species

o = - e
= 0 9 ] o S
Preferred habitat (from IUCN Redlist 5 ) 2 © © ® 0 .2
Name .. = £ % K=l % “ t 3 2 Z E > £ £ s E o &
description) ® © = | S a = = s8 | 58| ZL | =22 | EB
> o g 5 F o ® 3 o S8 | €SB o8| 88| 2w
o 5 = © 5= © 9 <] o © O S o o o S o
W & z | & = < 2 (o] O | 22| e | Ha| o a?ld
Akysis bilustris | Observed in streams and rivers, on sandy to
muddy bottom with submerged vegetation X X X X X
and/or debris
Glyptothorax inhabits hillstreams with a swift current, clear
filicatus water and a substrate of rocks/sand. High X X X X
Poropuntius Found in the upper parts of a river catchment. Hich «
aluoiensis 8
Poropuntius It is found in clear rocky streams
bolovenensis approximately 800—1,200 m asl. It feeds 800 —
mainly on insects and does not do well in
. . . 1,200 X X
reservoirs. The species migrates short mas|
distances - probably not truly migratory, but
undertakes local or short distance movements
Poropuntius Streams with clear, cool and fast water, over
. X X X X X X X
consternans stones, rocks, rapids and waterfalls.
Poropuntius Streams with clear, cool and fast water, over
lobocheiloides stones, rocks, rapids and waterfalls. X X X X X X X
Pseudobagarius | This species inhabits a variety of habitats from
inermis swift creeks to riffles in streams and rapids in
large rivers. All of the habitats had a stony X X X X X
substrate and swift current; most of them had
clear water (during the dry season).
Schistura This species was collected in rapids, stretches « « «
clatrata of rivers with stone bottom (Kottelat 2000).
Schistura nomi | Observed in streams with moderate to fast
water, in riffles, over gravel to stone X X X X
substrate.

Annex 7.1-27



Annex 7.1–27


i i 5 £ AR IE: 35
Name Preferre'd habitat (from IUCN Redlist S E . 3 " - £ g cgu zE - £ _E 5B
description) © « 5 || 2| 2| 8 5 | 5 | 82|82 | 2| £2 | E¥®
] = > [ - © ] 5 s c ¥ o ® = o0
T | & | 2| &g ||| 0|88 883 88| c8|3¢
Schistura rikiki Observed in Xe Kong main river, in riffles, over
gravel to stone substrate. X
Schistura This species was collected in rapids, stretches
tizardi of the main river with stone bottom and X X X X
smaller tributaries (Kottelat 2000).
Serpenticobitis | Found in rapids and fast flowing waters in the
octozona mainriver and larger tributatries. Also in
. . X X X X X
stretches of river with large gravel (M.
Kottelat pers. comm. 2011).
Sewellia diardi | Found in fast flowing waters in rapids and
waterfalls (Roberts 1998). X X X
Sewellia This species is found in very fast flowing
elongata water, rapids and waterfalls (M. Kottelat pers. X X X
comm. 2011).
Sewellia This species is found in fast flowing water,
speciosa rapids and waterfalls (M. Kottelat pers comm. X X X

2011).
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Figure 3-15: Number of likely endemic fish species found in Sekong sub-basins

Figure 3-16: Distribution of rare river reach classes in Sekong sub-basins

When the distribution patterns of the endemic species and the rare river reaches are compared in
Figure 3-15 and Figure 3-16, the sub-basin with the highest number of endemic species — sub-basin
80 also has 6 different rare river reach classes, although the proportion of these is fairly low in such a
large sub-basin. The grouping of sub-basins 69, 93 and 95 all have high numbers of rare reach
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classes, and high proportions. Similarly, the grouping of sub-basins 70, 62 and 63 shows at least 3 -4
different rare river reach classes with a proportion of 15 — 25% coverage.

It is interesting that sub-basin 61, a very small sub-basin with high proportion of endemic species
reported as present in the IBAT database, has no rare river reach classes nor surveyed endemics. Its
importance as a location for endemics is probably because it lies at the confluence between the
Sekong and Xe Kaman catchments. Similarly, sub-basin 21 also has no surveyed endemics, but a high
proportion of endemic species on the IBAT database, is also a small sub-basin on the confluence
between the Sekong and Xe Pian.

A more detailed analysis of the character of the rare river reaches in the sub-basins with the highest
numbers of surveyed endemics is shown in Table 3-8: This shows that there is a lot of similarity
between these sub-basins.

e Sub-basins 95 and 70 contain all the rare “Large river, in moist broadleaf forest region at low
elevation, with low gradient”
o All 7 of the sub-basins share significant proportions (over 70% of the total lengths of rare
river reach) of
o Small river, in moist broadleaf forest region at low elevation, with high gradient
o Smallriver, in dry broadleaf forest region, with high gradient
o Small headwater stream, in moist broadleaf forest region at low elevation
e 5 of the sub-basins share significant proportions (43%) of “Small river, in moist broadleaf
forest region at low elevation, with low gradient”
e Sub-basins 69 and 80 share
o Medium river, in moist broadleaf forest region at low elevation, with high gradient
o Medium river, in moist broadleaf forest region at high elevation, with high gradient
e The karst streams are only represented by sub-basin 95

Table 3-8: Distribution of rare river reaches in each of the sub-basins with high proportions of
endemic fish species

% of total
class lengths

Sub-basin Code in selected
Class ID Class Description 95 93 69 80 70 63 62 Grand Total sub-basins
23101 |Large river, in moist broadleaf forest region at low elevation, with low gradient 16.6 39.39 100.0
24101 |Large river, in dry broadleaf forest region, with low gradient 66.25| 51.64 60.22| 73.28 324.01 93.2

24103|Large river, in dry broadleaf forest region, with floodplains 3.97 18.51 21.4
24105|Large river, in dry broadleaf forest region, with floodplains and sediment 221.42 0.0
33101|Medium river, in moist broadleaf forest region at low elevation, with low gradient 2.21| 24.91| 2.66 145.52 25.5
33102|Medium river, in moist broadleaf forest region at low elevation, with high gradient 2.03| 8.74 31.69 68.3
33301|Medium river, in moist broadleaf forest region at high elevation, with low gradient 32.59 43.25 88.4
33302|Medium river, in moist broadleaf forest region at high elevation, with high gradient 1.54| 2.78 14.22 70.8

34101|Medium river, in dry broadleaf forest region, with low gradient 3.47| 11.9| 18.21| 24.29| 1.54| 91.48 499.43 53.0
34103|Medium river, in dry broadleaf forest region, with floodplains 4.43 161 2.8
43101|Small river, in moist broadleaf forest region at low elevation, with low gradient 22.52 0.46 10.99 173.64 42.8
43102|Small river, in moist broadleaf forest region at low elevation, with high gradient 63.63| 22.17| 3.29| 8.73 7.93 256.39 72.8
43301|Small river, in moist broadleaf forest region at high elevation, with low gradient 1.75 71.41| 106.2 404.61 81.6
43302|Small river, in moist broadleaf forest region at high elevation, with high gradient 8.19 43.4] 19.38 6.38 500.5 66.3
44101|Small river, in dry broadleaf forest region, with low gradient 33.89| 86.91| 1.57| 53.22 175.5 Ry yNey) 31.6
44102|Small river, in dry broadleaf forest region, with high gradient 61.12| 29.4| 5.32| 0.89 y 64.57 329.47 72.9
48100{Small river, in karst region at low elevation 4.82 0.0
48300|Small river, in karst region at high elevation X% 0.0
53100|{Small headwater stream, in moist broadleaf forest region at low elevation 100.8| 45.26| 4.11| 20.9 72.43 701.02 74.9
53300{Small headwater stream, in moist broadleaf forest region at high elevation 107.4| 5.28| 335.4| 357.7 29.92 PR ERE] 69.8
54100|Small headwater stream, in dry broadleaf forest region 158.4| 207.8| 3.12| 30.05 408.9 [N ELRY) 33.1
58100{Small headwater stream, in karst region at low elevation 2.2 5.66 38.9
58300|Small headwater stream, in karst region at high elevation 17.71 0.0
Grand Total 649 455.9 517.8 652.2 872.5 12,170.00
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When these rare river reach types are compared to the other sub-basins, that do not have reported
endemic fish species, the following similarities stand out, indicating that these basins have an
increased probability of hosting endemic fish species. These are shown in Table 3-9. Note that the
basins without any rare river reach classes have been hidden.

e Almost all sub-basins listed contain “Small headwater stream, in moist broadleaf forest
region at low elevation” making up the remaining 41% of this class in the Sekong, but this
does not help in distinguishing between the sub-basins likely to have endemic species.

e There appears to be a similarity in sub-basins 99, 98, 96, 94, and 68, i.e. the upper Sekong
and upper Xe Kaman

e There appears to be another grouping of sub-basins 28, 29, 64, 66, and 67, (i.e. Lower Xe

Kaman and central Bolevan Plateau) which contain a predominance of
o Smallriver, in dry broadleaf forest region, with high gradient
o Small river, in moist broadleaf forest region at low elevation, with high gradient
o Small river, in moist broadleaf forest region at low elevation, with low gradient

Sub-basin 98 contains all the small rivers in karst region at high and low elevation and almost

all the small headwater streams in karst region at high and low elevation.

Table 3-9: Distribution of rare river reach classes in sub-basins without reported endemic species

Sub-basin Code % of total
66 65 64 16 Grand Total  class

Class ID Class Description

33102|Medium river, in moist broadleaf forest region at low elevation, with high gradient

33301|Medium river, in moist broadleaf forest region at high elevation, with low gradient 5.0] 57 24.7
33302|Medium river, in moist broadleaf forest region at high elevation, with high gradient 4.0 11 47| 69.6
43101[Small river, in moist broadleaf forest region at low elevation, with low gradient 712] 145 8.9) 0.6] 28] s3] 0.6] 4.6 62.8
43102Small river, in moist broadleaf forest region at low elevation, with high gradient 272] 9.1 17.9] 16| 11.4 94 7.3 3.0[ 44] 59 5.2] 39.9
44102[Small river, in dry broadleaf forest region, with high gradient 29.8 141 5.8 7.7 11.0[ 215 103 3.0] 27| 344 13.6 47.8
48100|Small river, in karst region at low elevation 4.8] 100.0)
48300[Small river, in karst region at high elevation 6.9) 100.0)
53100|Small stream, in moist broadleaf forest region at low elevation 123.4] 10.9] 07| 12.7] 81| 27.5] 20| 364 19.2] 184 2.5 11.1] 21 6.8 8.7 414
58100|Small stream, in karst region at low elevation 3.5] 61.8
58300[Small headwater stream, in karst region at high elevation

Grand Total 365.9 348.5 68.4 348.5 134.3 111.5 154.0 368.7 105.3 42.4 179.5 327.2 673.9 677.2 406.7 150.3 12170.0
Number of rare classes in each sub-basin

Proportion of rare classes of all classes in sub-basin %
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4 Comparing the sub-basins with probable presence of endemic
species with hydropower locations

4.1 Existing and proposed hydropower projects in the Sekong
There are four existing hydropower projects the are operating in the Sekong basin. These are:

e Houay Ho on the Bolevan Plateau

e Houay Lamphan on the north-east of the Bolevan

e Xe Kaman 3, in the upper Xe Kaman near the Laos/Vietnamese border

e A Luoiand A Lin plants which divert water from upper reaches of the Sekong in Vietnam.

There are four others that are under construction:

e Xe Kaman 1 located where the Xe Kaman river emerges from the hills

e Xe Kaman — Sansay the regulating hydropower project below Xe Kaman 1
e Nam Khong 2 on the Nam Khong tributary

o Nam Khong 3 immediately upstream of Nam Khong2

There are 5 dams planned or proposed on the Sekong mainstem:

e Xe Kong downstream on the border with Cambodia

e Xe Kong3dand Xe Kong3up  Now called Xe Kong 3A and Xe Kong 3B, respectively.
e Xe Kong 4A and Xe Kong 4B

e XeKong5

There are 9 other dams on the tributaries:

e Xe Kaman 2A and Xe Kaman 2B
e Xe Kaman 4A and Xe Kaman 4B
e DakE Mule

e NamKongl

e Xe Katam

e Xe Nam Noy5

e Xe Xou

These existing, under construction and planned hydropower projects are shown in Figure 4-1,
together with the Protected Areas and Key Biodiversity Areas in the Sekong Basin. In addition, the
Natural Heritage Institute have identified several alternative dam sites, instead of the planned the
current configurations of the mainstem dams. These are shown in Figure 4-2.

o A2 e Xe Kong_US1 Xe Xet, not included in the Master Plan.
e A3 e Xe Kong_US2 Xe Lon

e A4 e Xe Kong_US3 Houay Axam

e A5 e Xe Kong_US6 NHI_B

o A/ ®  Dak E Mule Downstream

° A_8 o Houay Pache

e A9 ®  Xe Xou, now eliminated from the Master Plan.
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Now called Xe Kong 3A and Xe Kong 3B, respectively.

Xe Xet, not included in the Master Plan.

Xe Lon

Houay Axam

NHI_B

Dak E Mule Downstream

Houay Pache

Xe Xou, now eliminated from the Master Plan.


Figure 4-1: Existing, under-construction and planned hydropower projects with Protected Areas and
Key Biodiversity Areas in the Sekong basin
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Figure 4-2: Alternative sites for hydropower project proposed by NHI
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4.2 Analysis of existing and proposed hydropower projects with rare river reach

types
The distribution of the different types of river reach in each of the existing and proposed reservoirs
has been analysed to assess the extent to which they contain rare river reach types, and river reach
types likely to contain habitats favourable for endemic species. The existing and under-construction
reservoirs are shown in Table 4-1. The analysis shows that all (100%) of the river reaches inundated
by the A Luoi reservoir in Vietnam are rare (less than 5% of the river reaches in that size class), while
68% of the river reaches inundated by Xe Kaman 3 are rare river reach types and 40% of the river
reaches inundated by Houay Ho and Houay Lamphan on the Bolevan are rare types.

Of the rare river reach types inundated, the ones most at risk by existing and under-construction
hydropower projects, are the Medium river, in moist broadleaf forest region at high elevation, with
low gradient of which 26% has been inundated by Xe Kaman 3, and 14% of the common Medium
river, in dry broadleaf forest region, with low gradient will be inundated by Xepian-Xe Namnoy, Xe
Kaman 1 and Nam Khong 2 and 3, and 16% of the Small river, in moist broadleaf forest region at high
elevation, with low gradient have been inundated by the reservoirs on the Bolevan Plateau (Houay
Lamphan, Houay Ho and Xepian-Xenamnoy).

Considering the reaches which are preferred by endemic species, the, both Xe Kaman 3 and Houay
Lamphan have a relatively high proportion of high gradient river reaches —24% and 12%
respectively. Three of the existing and under-construction plants have 100% of their reservoirs at
high elevation (over 700 masl — Houay Lamphan, Houay Ho, and Xe Kaman 3. Xepian-Xenamnoy has
62% of river reaches at high elevation. The same four hydropower plants have significant
proportions at both high elevation and with high gradient.

The distribution of river reach types in the planned hydropower projects is shown in Table 4-2. The
projects that have high proportions of rare river reaches are Xe Katam and Xe Kaman 4a which both
have 100% of rare river reaches, especially medium and small rivers in moist broadleaf forest region
at high elevation and high gradients; Xe Nam Noy 5 HPP has nearly 80% of rare river reaches,
especially the small rivers in moist broadleaf forest region at high elevation with low and high
gradients. Dak e Mule has 54% of rare river reaches, especially small rivers in moist broadleaf forest
regions at high elevation and low and high gradients. Xe Kong 5 has 87% of rare river reaches
including about half of the lengths of large river reaches in moist broadleaf forest at low elevation
and low gradients, the medium and small rivers in moist broadleaf forest at low elevation and high
and low gradients. Xe Kong 3d also has 58% of rare reaches, including a similar length of the rare
Large moist broadleaf forest region at low elevation and low gradient, as Xe Kong 5. These 2
mainstem dams (Xe Kong 3d and Xe Kong 5), would inundate 72% of this river reach type.

21% of the Large river reaches in dry broadleaf forest regions with floodplains would be inundated
by Xe Kong 3up. About 23% of the rare medium rivers in moist broadleaf forest regions at low
elevation and low gradient and 35% of those medium rivers in moist broadleaf forest regions at high
elevation and high gradients would be lost by Xe Kaman 4b and Xe Katam.

The reaches inundated by Xe Kaman 4a and Xe Katam would all be high gradient reaches (100%),
and the reservoirs of Xe Kaman 4a and 4b, Dak e Meule, Xe Katam and Xe Nam Noy 5 would all be
(100%) high elevation reaches. These same HPP have significant proportions of reaches at high
elevation and high gradient.
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Table 4-1: Distribution of river reach types inundated by existing and under construction reservoirs

L & s
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Bolevan Xe Kaman Nam Khong |Vietnam|
S [ e S Op. Op. Cons. Cons. Cons Op. Cons. | Cons. Op.
River reach type kms kms kms kms kms kms kms kms kms kms

Large moist broadleaf forest region |low low Rare 39.39 0 -
Large dry broadleaf forest region low Common 324.01 14.32 53.9 68.22] 21.05
Large dry broadleaf forest region floodplains |Rare 18.51 0 -
Medium moist broadleaf forest region |low low Rare 145.52 11.3 11.3 7.77
Medium moist broadleaf forest region |low high Rare 31.69 0 -
Medium moist broadleaf forest region |high low Rare 43.25 11.15 11.15| 25.78
Medium  |moist broadleaf forest region |high high Rare 14.22 0 0 0 0 0 0 -
Medium |dry broadleaf forest region low Common 499.43 5.36 7.95 22.69 31.81 67.81| 13.58
Medium |dry broadleaf forest region floodplains |Rare 161.00 0 -
Small moist broadleaf forest region |low low Rare 173.64 14.03| 14.03 8.08
Small moist broadleaf forest region |low high Rare 256.39 0 -
Small moist broadleaf forest region |high low Rare 404.61 10.7| 20.71] 30.33 61.74| 15.26
Small moist broadleaf forest region |high high Rare 500.50 4.23 0 3.28 0 6.19 0 0 13.7 2.74
Small dry broadleaf forest region low Common 1,822.02 30.66 1.11| 27.68 10.39 35.02 104.86 5.76
Small dry broadleaf forest region high Rare 329.47 14.69 1.99 16.68 5.06
Headwater |moist broadleaf forest region |low Rare 701.02 0 2.43 15.74| 18.17 2.59
Headwater |moist broadleaf forest region |high Common 2,313.33 21.68| 31.61| 40.64 0 8.13 0 0| 102.06 4.41
Headwater |dry broadleaf forest region low Common 4,135.52 10.15 3.34| 90.71 11.46 43.1 158.76 3.84
Headwater |karst low Rare 5.66 0 -

Total Length Rare 14.93 20.71 33.61 0 17.12 17.34 0 1.99| 41.07

Total Length Common 21.68| 31.61| 86.81 18.77| 180.24 8.13| 44.54| 109.93 0

Total Length | 36.61| 52.32| 120.42 18.77| 197.36| 25.47| 44.54| 111.92| 41.07

% of rare reaches 40.78 | 39.58 | 27.91 - 8.67 | 68.08 - 1.78 | 100.00

| |

Length of high gradient reaches 4.23 0 3.28 0| 14.69 6.19 0 1.99 0

% of high gradient 11.55 - 2.72 - 7.44 | 24.30 - 1.78 -

Length of headwaters 21.68| 31.61 50.79 3.34] 93.14 8.13 11.46 43.1 15.74

% of Headwaters 59.22 | 60.42 | 42.18 17.79 | 47.19| 31.92| 25.73 38.51 38.32

Length of high elevation 36.61| 52.32| 74.25 0 0| 25.47 0 0 0

% of high elevation reaches 100.00 | 100.00 | 61.66 - - 100.00 - - -

Length of high elevation and high gradient 25.91| 31.61| 43.92 0 0| 14.32 0 0 0

% of high elevationb and high gradient 70.77 | 60.42 | 36.47 - - 56.22 - - -
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Table 4-2: Distribution of river reaches expected to be inundated by planned reservoirs in the Sekong basin

NS
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. é" o@% & Qsp S e ,b\\ ¢ +* B B o 4 B B + Q' & 4 B ¥ total length of converted to
Q:‘ < éz [ 54 L i i dams Xe Kaman Tributaries reach type reservoir

Large moist broadleaf forest region low low Rare 39.39 14.39 14.12 28.51 72.38
Large dry broadleaf forest region low Common 324.01 19.85 34.92 8.31 6.95 70.03 21.61
Large dry broadleaf forest region floodplains  [Rare 18.51 3.97 3.97 21.45
Medium moist broadleaf forest region low low Rare 145.52 14.26 19.49 33.75 23.19
Medium moist broadleaf forest region low high Rare 31.69 0 -
Medium moist broadleaf forest region high low Rare 43.25 0 -
Medium moist broadleaf forest region high high Rare 14.22 2.18 2.78 4.96 34.88
Medium dry broadleaf forest region low Common 499.43 16.64 3.47 10.21 16.03 19.28 33.93 99.56 19.93
Medium dry broadleaf forest region floodplains  |Rare 161.00 4.43 4.43 2.75
Small moist broadleaf forest region low low Rare 173.64 0.64 0.64 0.37
Small moist broadleaf forest region low high Rare 256.39 10.59 3.29 13.88 5.41
Small moist broadleaf forest region high low Rare 404.61 5.62 14.49 3.6 23.71 5.86
Small moist broadleaf forest region high high Rare 500.50 4.58 15.87 13.27 6.58 4.48 44.78 8.95
Small dry broadleaf forest region low Common 1,822.02 12.31 25.87 4.71 35.96 78.85 4.33
Small dry broadleaf forest region high Rare 329.47 221 1.11 3.11 6.43 1.95
Headwater moist broadleaf forest region low Rare 701.02 46.16 17.34 3.14 66.64 9.51
Headwater moist broadleaf forest region high Common 2,313.33 9.56 5.75 11.22 23.57 2.06 52.16 2.25
Headwater dry broadleaf forest region low Common 4,135.52 6.05 25.58 20.88 8.23 2.91 3.81 21.4 63.72 152.58 3.69
Headwater karst low Rare 5.66 0 -

Total Length Rare 75.45 6.18 0 0 61.54] 1.11 9.54| 4.58 23.67, 27.76 0 9.36 8.08 4.43]

Total Length Common 54.85 86.37 32.66 15.18 9.56 13.12 25.59 0| 11.22] 23.57, 45.39 0 2.06 133.61]

Total Length 130.3 92.55 32.66 15.18 71.1 14.23 35.13 4.58 34.89 51.33] 45.39 9.36 10.14 138.04|

% of rare [ 57.90 6.68 - - 86.55 7.80 27.16 | 100.00 67.84 54.08 - 100.00 79.68 3.21

length of high 0| 221 0 0 10.59] 1.11 6.4 4.58 18.05] 13.27 0 9.36 4.48 0

% of high gradient - 2.39 - - 14.89 7.80 18.22 | 100.00 51.73 25.85 - 100.00 44.18 -

Length of headwaters 52.21 25.58 20.88 8.23 26.9 291 12.7 0 11.22] 23.57 21.4 0 2.06 63.72

% of HW I 40.07 27.64 63.93 54.22 37.83 20.45 36.15 - 32.16 45.92 47.15 - 20.32 46.16

length of high elevation 0 0 0 0 9.56 0 5.75 4.58 34.89 51.33 0 9.36 10.14 0

% of high elevation ‘ - - - - 13.45 - 16.37 | 100.00 | 100.00 [ 100.00 - 100.00 100.00 -

Length of high elevation and high gradient 0 0 0 0 9.56 0 5.75 4.58 29.27, 36.84] 0 9.36 6.54 0

% of high elevation and high gradient - - - - 13.45 - 16.37 | 100.00 83.89 71.77 - 100.00 64.50 -
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Table 4-3: Distribution of river reaches expected to be inundated by the additional proposed hydropower projects
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Large moist broadleaf forest region low |low Rare 39.39 8.67 8.67 22.01

Large dry broadleaf forest region low Common 324.01 53.68 53.68 16.57

Large dry broadleaf forest region floodplains |Rare 18.51 0 -

Medium moist broadleaf forest region low |low Rare 145.52 7.6 4.23 14.92| 21.85 17.8 66.4 45.63 22.33

Medium moist broadleaf forest region low |high Rare 31.69 6.92 3.14 10.06 31.75 3.14] 2.03

Medium moist broadleaf forest region high |low Rare 43.25 3.07 3.73 6.8 15.72 0] 9.65

Medium moist broadleaf forest region high |high Rare 14.22 1.54 1.54 10.83 0 1.54

Medium dry broadleaf forest region low Common 499.43 0 -

Medium dry broadleaf forest region floodplains |Rare 161.00 0 -

Small moist broadleaf forest region low |low Rare 173.64 1.53 0.64 3.93 6.1 3.51 1.11

Small moist broadleaf forest region low |high Rare 256.39 3.04 5.88 5.17 6.72| 16.96 37.77 14.73 16.96 0

Small moist broadleaf forest region high |low Rare 404.61 7.62 7.62 1.88 221 0.64

Small moist broadleaf forest region high |high Rare 500.50 5.07 6.64 11.71 2.34 4.57 9.43

Small dry broadleaf forest region low Common 1,822.02 14.49 21.62 36.11 1.98

Small dry broadleaf forest region high Rare 329.47 34.98 34.98 10.62 0 0

Headwater |moist broadleaf forest region low Rare 701.02 0.67 1.39 3.3 0.69 1.61] 11.04 8.93 27.63 394 22.23

Headwater |moist broadleaf forest region high Common 2,313.33 3.53 5.84 12.2| 1791 7.4 46.88 2.03 36.74| 22.77

Headwater |dry broadleaf forest region low Common 4,135.52 1.99 67.13 69.12 1.67

Headwater |karst low Rare 5.66 2.2 2.2 38.87
Total Length Rare 3.07 3.73 1.54 16.4 7.6| 19.95 3.3| 20.78| 37.46| 48.94| 58.71 72.55| 23.29
Total Length Common 0 0 0 0 3.53 5.84| 16.48 12.2| 17.91 7.4| 142.43 36.74| 22.77
Total Length 3.07 3.73 1.54 16.4| 11.13| 25.79| 19.78| 32.98| 55.37| 56.34| 201.14 109.29| 46.06)
% of rare 100.00 | 100.00 | 100.00 | 100.00 | 68.28 | 77.36 | 16.68 | 63.01 | 67.65 | 86.87 | 29.19 66.38 | 50.56

l

length of high 0 0 1.54 8.11 0 12.8 O 5.17[ 1336 20.1] 34.98 24.67 13
% of high gradient - - 100.00 | 49.45 - 49.63 - 15.68 | 24.13 | 35.68 | 17.39 22.57 | 28.22
Length of headwaters 0 0 0 0.67 3.53 7.23 5.29] 12.89| 19.52| 18.44[ 78.26 58.97| 22.77
% of HW | - - - 4.09 | 31.72| 28.03| 26.74| 39.08 | 35.25| 32.73 | 38.91 53.96 | 49.44
length of high elevation 3.07 3.73 1.54| 12.69 3.53 5.84 0 12.2| 24.55 7.4 0| 43.52| 44.03
% of high elevation 100.00 | 100.00 | 100.00 | 77.38 | 31.72 | 22.64 - 36.99 | 44.34 | 13.13 - 39.82 | 95.59
Length of high elevation and high gradient 0 0 1.54 5.07 3.53 5.84 0 12.2| 24.55 7.4 0| 41.31| 33.74
% of high elevation and high gradient - - 100.00 | 30.91 | 31.72 | 22.64 - 36.99 | 44.34 | 13.13 - 37.80 | 73.25
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Table 4-3 shows the distribution of river reach types in the additional proposed projects. All the
relatively small reservoirs of the A group projects have quite high proportion rare river reach types,
especially—A _2,A_3,A 4 and A_5 all have 100%, with A_2 and A_3 covering Medium river, in moist
broadleaf forest region at high elevation, with low gradient, but together only covering 15% of this
river reach type. Similarly, A_4 covers 10% of the rare river reach Medium river, in moist broadleaf
forest region at high elevation, with high gradient. A_5 has several rare river reaches mostly in the
Small river, in moist broadleaf forest region at low and high elevation and high gradients, but none
of these make a significant impact upon the total coverage of these rare river reaches.

A_7 has a 68% coverage of the rare river reach Medium river, in moist broadleaf forest region at low
elevation, with low gradient. A_8 has about 77% coverage of several rare river reaches, including
Medium and small rivers, in moist broadleaf forest region at high elevation, with low and high
gradients, and Headwaters at low elevation. A_9 has a low proportion (17%) of Small headwater
streams in moist broadleaf regions at low elevation.

The additional suggestions for the Upper Sekong — US1, US2, US3 basically split up the original
proposed Sekong 5 into three sections and US6 is an upper variation of Sekong 4 reservoir. US1, US2,
US3 all have quite high proportions of rare river reaches (63, 67 and 87% respectively of the river
reaches covered are rare), while 29% of US6 reaches are rare. The three US1 — 3 options all have
similar characters with the rare Medium river, in moist broadleaf forest region at low elevation, with
low gradient, Small river, in moist broadleaf forest region at low elevation, with high gradient, and
Headwater in moist broadleaf at low elevation. The most significant of these is the first, and
together these three cover 35% of this type of rare river reach.

US6 has a different character, covering 22% of the rare river reach, Large river in moist broadleaf
forest region at low elevation and low gradient. There are also some small lengths of rare river
reaches covered including Small rivers in moist broadleaf forest regions with low elevation and low
gradient and Small rivers in dry broadleaf forest region with high gradient.

In terms of rivers with high gradient, A_4 has 100 % of its river reaches with high gradient, and A_5
and A_9 have about 50% of the river reaches with high gradient. The US options have generally
lower proportions of river reaches with high gradients, though US3 has the highest with about 35%
of high gradient.

The combination of high elevation and high gradient, A_4 stands out with 100% coverage, A_5 and
A_7 have about 31% and A_8 has 22% of river reaches in these categories. US1 and US2 have 37 and
44% of high elevation and high gradient reaches, and US3 has 13%. The rest do not have such
categories, making them less likely to host endemic fish species which prefer these conditions.

The NHI options also consider two “circles” —those around Houay Axam, and those in the Upper Xe
Kaman. These are also found in Table 4-3. The Houay Axam circle contains 66% of rare river reaches,
of which 22% have high gradient and 38% have both high elevation and high gradient. The Upper Xe
Kaman circle has about 50% of rare river reaches, with 28% with high gradient and 73% with high
elevation and high gradient. Both “circles” would be likely to host endemic species of fish.

4.3  Extension of hydropower projects into Protected areas and Key Biodiversity
areas

Protected Areas and Key Biodiversity Areas (KBAs) represent areas that have high biodiversity

importance for different reasons. Protected Areas have been designated within the Sekong river

basin at both national and district level. There are also several watershed and border protection

forest areas that have been established in the Sekong basin. These include:
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e Xe Sap NBCA
e Dong Amphan NBCA
e Dong Hua Sao NBCA
e Xe Pian NBCA

Key Biodiversity Areas are areas that have been identified as having known presence of threatened
species or endemic species, often bird and mammal species. Annex 2 has the listing of KBAs and the
reasons for their designation. In some cases, they overlap with NBCAs, but they may be wider than
this. They have no official designation or protection, but are indicative of important biodiversity.
There are no KBAs in the Sekong which are specific for fish or aquatic species, though some are
important for water birds. There are two KBAs which cover part of the lower Sekong river and the
Upper Xe Kaman. Table 4-4 shows the listing of KBAs in the Sekong river basin, and Figure 4-3
provides a map of the protected areas and KBAs in the basin. The hydropower reservoirs that
intersect with both Protected Areas and Key Biodiversity Areas are shown in Table 4-6.

Table 4-4: Listing of Key Biodiversity Areas in the Sekong river basin

Name of KBA Area (ha) Country
Western Siem Pang 138,137 | Cambodia
Virachey 432,415 | Cambodia
Sekong River 14,116 | Cambodia
Nam Ghong 160,000 | Laos

Xe Pian 243,100 | Laos
Nong Khe Wetlands 3,900 | Laos

Xe Khampho / Xe Pian 197,280 | Laos

Xe Khampho 120,000 | Laos
Attapu Plain 71,400 | Laos
Dong Ampham 180,220 | Laos
Phou Kathong 94,000 | Laos
Bolaven North-east 73,000 | Laos
Upper Xe Kaman 34,780 | Laos
Dakchung Plateau 5,140 | Laos
Phou Ahyon 148,900 | Laos

Xe Sap 137,120 | Laos

A Luoi - Nam Dong 112,200 | Vietnam
Northern Hien 24,700 | Vietnam
Lo Xo Pass 15,000 | Vietnam
Song Thanh 95,000 | Vietham

Figure 4-3 also shows the locations of deep pools and rapids and recognised Fish Conservation Zones
(FCZs) that were mapped by WWF in 2009 and 2010. The extent of this mapping was limited to
mainstem of the Sekong and Lower Xe Kaman. These would be covered by the mainstem Sekong
reservoirs, Xe Kong 3 up and down, and Xe Kong 4 up and down.
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Figure 4-3: Map of Protected Areas and Key Biodiversity Areas in the Sekong
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Table 4-5: Hydropower projects that intersect with Protected Areas and Key Biodiversity Areas

Dam Name PA KBA
Sekong mainstem Name Name
A Luoi A Luoi/Nam Dong
Xe Kong 5 Xe Sap Xe Sap
Xe Kong_US1 Xe Sap Xe Sap
Xe Kong_US2 Xe Sap Xe Sap
Xe Kong 3d Phou Kathong
Xe Kaman
Xe Kaman 2B Dong Ampham Dong Ampham, Upper Xe Kaman
Xe Kaman 2A Dong Ampham Dong Ampham, Upper Xe Kaman
Xekaman 1 Dong Ampham Dong Ampham, Upper Xe Kaman
Xekaman-Sanxay Upper Xe Kaman
Tributaries
Houay Lamphan Bolevan North east
Xe Katam Bolevan North east
Xe Nam Noy 5 Bolevan North east
Xe Xou Dong Ampham Dong Ampham
Nam Kong 1 Nam Ghong
Nam Kong 2 Nam Ghong
Nam Kong 3 Nam Ghong

4.4 |dentifying hydropower locations with presence of endemic species
The final step in this process is to map the locations of existing and proposed hydropower dams and
reservoirs with the sub-basins that have a higher probability of containing endemic fish species.

From the above analysis, the following sub-basins have either a proven or projected presence of
endemic species:

e 95 and 70 — Sekong mainstem with high proportion of “Large river, in moist broadleaf forest
region at low elevation, with low gradient”

e 98 — upper Sekong with high proportion of karst

e 93,94,95,96, 98,99, 69 and 68, i.e. the upper Sekong and upper Xe Kaman

e 70,62,63,64, 66, and 67, (i.e. Lower Xe Kaman)

e 80, 28 and 29 — Eastern & central Bolevan Plateau

e 61— confluence between Sekong and Xe Kaman

e 21— confluence between Xe Pian and Sekong

These are mapped with the locations of the existing and proposed hydropower plants in Figure 4-4.
There is a clear overlap between the areas that are most suited for hydropower development and
the sub-basins where endemic species of fish are found. Some of these species are new to science
and have not been fully described. The areas where additional hydropower potential has been
identified also fall into the sub-basins where endemic species are located.
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Figure 4-4: Map of the Sekong sub-basins with existing and proposed hydropower plants — sub-basins
with probable presence of endemic species highlighted.

4.5 Assessing the risk to endemic species from hydropower projects

Table 4-6 combines the above analyses for each of the hydropower projects and their reservoirs. It
provides information for each project on the overall length of river reaches inundated, the % of rare
river reaches, and %s of high gradient and high gradient and elevation reaches, which have been
identified as favoured by most endemic species. It also includes the presence of the reservoirs in
Protected Areas and Key Biodiversity Areas, and the numbers of endemic species and threatened
species found in each of the sub-basins where the reservoirs are located. Apart from the three Nam
Kong reservoirs, where no endemic species were recorded or predicted, all the other reservoirs lie in
sub-basins that contain endemic species. The Xe Kong mainstem sub-basins has the highest numbers
of threatened species, while the reservoirs in the Xe Kaman have very few threatened species. The
Bolevan reservoirs are also located in sub-basin that have higher numbers of threatened species.

An assessment is then done of the risks to endemic species by each reservoir. This takes into account
the length of river reach inundated (the shorter the length, the less risk), the river reach rarity (the
higher the % of rare river reaches, the greater the risk) and the proportion of high gradients and high
elevation reaches (the higher % of these river reach types, the greater the risk). Each criterion is
scored on a scale 1 — 3 and then multiplied together to give relative risk assessments. The highest
risk reservoirs include A_4, Xe Kaman 4A and 4B, Xe Pian-Xe Namnoy and Xe Katam.

The reservoirs of medium risk to endemic species include A Luoi, Xe Kong 5, Xe Kong US1, US2, US3
and US6 and Xe Kong 3d, on the mainstem, Xe Kaman 2B, Dak E Mule, Houay Ho, Houay Lamphan,
and Xe Nam Noy 5 and A 5.
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The reservoirs of low risk to endemic species include A-7 (because of its relatively short reservoir),
Xe Kong 4A and B and Xe Kong 3 up, A_2, A_3, Xe Kaman 2A and 2B, Xe Kaman 1 and Xe Kaman -
Sanxay. In the tributaries the Xe Xou Hpp (Xe Xou and US-9 and US 10 appear to have low risk to
endemics, as does A_9 and the Nam Khong HPPs. US-9 appears to be at the top end of the Xe Xou
reservoir and may require adjustment of the Xe Xou HPP, and is located within the Dong Ampham

NBCA. US-10 lies above the Xe Xou reservoir and is not located within the Dong Ampham NBCA,

though the potentially dewatered reach downstream may flow through the NBCA.

Table 4-6: Combined data on river reaches, presence of endemic and threatened species, PAs and

KBAs for existing and proposed dams

. % of high & Of_ high Risk to .
. Length of |% of rare river . elevation and B d ber of thr d species
Basin_ID N gradient B . endemic PA KBA . N
river reaches reaches high gradient N species predicted
reaches species
Dam Name reaches
Sekong mainstem km Name Name No. CR EN vu
A Luoi 99 41.07 100.0 0.0 0.0 M A Luoi/Nam Dong 10 0 5 3
Xe Kong 5 96, 95,97,98 711 86.5 14.9 13.5 M Xe Sap Xe Sap 10 0 5 3
Xe Kong_US1 99 33.0 63.0 15.7 37.0 M Xe Sap Xe Sap 10 0 5 3
Xe Kong_US2 98 55.4 67.7 24.1 44.3 M Xe Sap Xe Sap Predicted 0 0 3
Xe Kong_US3 96 56.3 86.9 35.7 13.1 M Predicted 0 0 3
A_7(% 96 11.1 68.3 0 31.7 L 10 0 0 3
Xe Kong_US6 95 201.1 29.2 17.4 0.0 M 10 0 5 3
Xe Kong 4B 95 15.18 0 0 0 L 10 0 5 3
Xe Kong 4A 93, 94,95 32.66 0 0 0 L 10 0 5 3
Xe Kong 3up 93 92.55 6.7 2.4 0 L 10 0 5 3
Xe Kong 3d 70, 80,91, 92,93 130.3 57.9 0 0 M Phou Kathong 10 1 5 6
Xe Kaman
A2 69 3.07 100 0 0 L 4 0 0 0
A3 69 3.73 100 0 0 L 4 0 0 0
A4 69 1.54 100 100 100 4 0 0 0
Xe Kaman 4A 68 4.58 100 100 100 Predicted 0 0 1
Xe Kaman 4B 68 34.89 67.8 51.7 83.9 Predicted 0 0 1
Xe Kaman 3 69 25.47 68.1 24.3 56.2 M 4 0 0 0
Xe Kaman 28 67, 68,69 35.13 27.2 18.2 16.4 L Dong Ampham, 4 0 0 1
Dong Ampham |Upper Xe Kaman
Xe Kaman 2A 67 14.23 7.8 7.8 0 L Dong Ampham, 4 0 0 1
Dong Ampham |Upper Xe Kaman
Xekaman 1 63, 64, 65, 66 197.36 8.7 7.4 0.0 L Dong Ampham, 4 0 0 1
Dong Ampham |Upper Xe Kaman
Xekaman-Sanxay 63 18.77 0.0 0.0 0.0 L Upper Xe Kaman 4 0 0 1
Tributaries
Dak E Mule 94 51.33 54.1 25.9 71.8 M Predicted 0 0 3
Houay Ho 80 52.32 39.6 0.0 60.4 M 8 0 0 6
Xepian-Xenamnoy 80 120.42 27.9 2.7 36.5 8 0 0 6
Houay Lamphan 92 36.61 40.8 11.6 70.8 M Bolevan North east 10 0 0 3
Xe Katam 80 9.36 100 100 100 Bolevan North east 8 0 0 6
Xe Nam Noy 5 80 10.14 79.7 44.2 64.5 M Bolevan North east 8 0 0 6
Xe Xou 62 138.04 3.2 0 0 L Dong Ampham |Dong Ampham 2 0 0 1
Us_9 62 10 0.0 0 0 L Dong Ampham [Dong Ampham 2 0 0 1
US_10 62 10 0.0 0 0 L 2 0 0 1
A5 63 16.4 100 49.5 30.9 M 4 0 0 1
A9 63 19.78 16.7 0 0 L 4 0 0 1
Nam Kong 1 40 45.39 0 0 0 L Nam Ghong 0 1 0 3
Nam Kong 2 40 44.54 0.0 0.0 0.0 L Nam Ghong 0 1 0 3
Nam Kong 3 40 111.92 1.8 1.8 0.0 L Nam Ghong 0 1 0 3

* Note that A-7 is in a similar location as US-3. The difference in the risk to endemics is in the length of the reservoir

Scoring:
Gradient/
Length class elevation Combined |Risk to
(km) Rarity class (%) class (%) |Score Score endemics
0-25 0-25 0-25 1 1-4 Low risk
25-75 25-75 25-75 2 5-8 Medium risk
>75 75 -100 75 -100 3 >9 High risk
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5 Conclusion

This paper has considered the potential for identifying river reach types in the Sekong that may
provide suitable habitats for species of fish that are endemic to the Sekong basin. There are at least
13 confirmed endemic species of fish with possibly another 12 species to be described scientifically
in this river basin. The study combines two separate lines of assessment i) the identification of the
distribution of different types of river reach in the sub-basins of the Sekong with a focus on assessing
the rare river reach types and ii) distribution of endemic species in these sub-basins. The distribution
of migratory fish and threatened fish species and other aquatic species has also been described to
complement, the endemic species, many of which have been designated as Endangered or
Vulnerable because of their restricted ranges. The preferred habitats of many of these endemic
species has been used to identify the river reach types where endemics are most likely to be found.
There is a working hypothesis that endemics may be associated with rare river reach types though it
is difficult to confirm an exact relationship.

The second part of the paper considers the existing and planned hydropower reservoirs and assesses
the likelihood of them covering the habitats of endemic species, thereby posing an additional threat
to these species. This assessment is based upon, the presence of rare river reaches in the reservoir
footprint, and the presence of preferred habitat types — small streams with high gradient and high
elevation, together with the known presence of endemics in the sub-basins where the reservoirs are
located.

The paper identifies several the existing and planned hydropower projects which have a higher risk
of inundation of habitats of endemic species. These tend to be in the upper reaches of the basin
both on the Xe Kong mainstem and on the Xe Kaman and Bolevan Plateau.

It is perhaps not surprising that endemic fish species share the same sub-basins where conditions ae
most suitable for hydropower. Endemic and new to science species of fish tend to be found in the
relatively small, fast flowing, often steep and rocky rivers that characterise the rivers in the tops of
the catchments, e.g. top of Sekong and Xe Kaman rivers. These areas are more isolated, sometimes
by very steep drops in elevation, e.g. in the Bolevan Plateau, and are further away from the main
rivers where the more widely distributed species exist.

Suitable locations for hydropower development are characterised by having a reliable source of
water with a steep slope or large drop in elevation to create a good head of water for generation.
The headwaters of the Sekong and the Bolevan have amongst the highest rainfall in the region, with
the headwaters of the Xe Kaman only slightly lower, and the slopes and drop in elevation is high.

It is unlikely that the presence of endemic species of fish alone will be sufficient reason for creating
no-go areas for hydropower development. Rather it may be one of the reasons why a specific
proposed hydropower plant may be not developed, for example together with a protected area and
Key Biodiversity Area.

It is however, important to assess the distribution of a particular endemic species that may be
affected by a hydropower development. If the endemics are found elsewhere within the basin, then
it may be assumed they will not be driven to extinction, if their preferred habitats are to be
inundated by a reservoir or affected by downstream flows. The issue is that with widespread
development of hydropower in every available location possible, many, if not all, of the locations
where endemic species live will be impacted and the chances of species extinction will be much
higher.
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Part of the problem is that the distribution of many fish and other aquatic species, including the
endemics, is not well understood for the rivers of Laos. This paper provides an attempt at identifying
where endemic species may be found, based upon the different classes of river. It shows a
correlation between the sub-basins where rare river reach classes occur and those where endemics
have been found. The prediction that endemics will be found in other sub-basins where surveys have
not been carried out, is based upon the presence of similar proportions of rare river reach classes.
However, each major tributary and its sub-basins have a different set of endemic fish species,
although these are often of similar families to those found in the Sekong, e.g. Schistura, Sewellia and
Poropuntius. If the approach were to be extended to other tributaries, e.g. Xe Bang Hieng and Xe
Bang Fai, a similar analysis of rare river reaches would have to be carried out, a comparison with the
rare river reaches of the Sekong and an association with endemic species that have already been
found in the river being studied. The difficulty is that the Sekong is one of the most studied of the
Mekong tributaries, and not all of the other tributaries will have had endemics identified.
Nevertheless, the process could be used to identify the river reaches where endemic species, if they
exist, are most likely to be found, and to confirm whether those reaches are likely to be inundated
by proposed reservoirs.
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Annex 1 Species lists by sub-basin from IBAT data base

Crustacea
Presence Sub-basin Code
Red List | in sub-
Species Bi ial Code basins |99|98(97(96|95(9493|92|69|68|91|80|67|66|65|64 61|63 |62|29|28|27(26|24|50(25/40|22|23|21/30|19(18|17|16(15|14|12|13|11
Caridina lanceifrons Atyid shrimp LC 2] 1 1
Esanthelphusa dugasti Rice field crab LC 300 1f 1| 1) 1) af 21| 1| 1) 1] 1| 2| 1| 1| 2| 1) 1) 1| 2| 1| 1) 1| 2f 2| 1] 1] 1] 1| 1] 1] 1
Leptocarpus potamiscus Bombay prawn LC 2| 1 1
Macrobrachium dienbienphuense  |Prawn LC 40 1) 1| 1| 1) 1| 1| 1) 1] 1| 1) 1| 1 1| 1] 2| 1] 1) 1| 2] 1) 1| 1f 1| 1] 1] 1 1] 2| 1 1) 1| 1f 1| 1] 1] 1] 1] 1] 1 1‘
Macrobrachium mieni Prawn LC 2| 1 1]
Macrobrachium niphanae Prawn LC 34 1| 1 1| 1] 2| 2| 1| 1| 1| 2} 2| 1| 2| 1| 1| 2| 2| 2f 2| 1| 2] 2| 1| 1| 1| 1| 2] 1| 1f 1] 1 1 1 1‘
Macrobrachium nipponense Prawn LC 3l 1] 1 1
Macrobrachium rosenbergii Prawn LC 10 1] 1f 1 1) 1] 1| 1] 1] 1 1‘
Crab, endemic to
Pupamon lianoid Laos DD 300 af 1| 1) 1) 1f 1| 1] 1) 1] 1| 1| 1) 1] 1| 1} 1) 1] 1] 1| 1) 1] 1f 1 1] 1] 1] 1] 1] 1] 1
Sayamia germaini Crab LC 10 1] 1] 1 1] 1] 1] 1] 1] 1 1‘
Crab, endemic to
Vietopotamon aluoiense Sekong in Vietnam |[DD 9l 1] 1f 1] 1| 1] 1] 1] 1 1
Total 9655555544544444448444444444454333333434‘
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Molluscs

Presence Sub-basin Code

Red List| in sub-
Species Bi ial Class Code basins |99|98|97|96|95|94|93|92|69|68|91|80|67|66|65|64|61|63|62|29|28|27|26(24|50(25|40({22|23|21|30({19(18(17(16|15|14
Anulotaia mekongensis GASTROPODA |DD 6 1 1 1
Assiminea brevicula GASTROPODA |LC 9(1j1f1j1f1]1|1]1 1
Bithynia morleti GASTROPODA |DD 30/1)1j1j1j1j1j1j1|1j1|1}j1|1|1 |1 |1 |1 |1 1|1 |11 |11 |11 |1 |1 |11
Brotia costula GASTROPODA |LC 401111111 ]|1]|1|1]|1]|1 1]1]1]1]1 i1j1j1j1j1j1j1j1j1 /11 /1|/1)1)1)1)1])1])1]1]|1]1
Clea spinosa GASTROPODA |DD 12 1]1]1]1]1 1 11 1 1(1]1
Clenchiella_microscopica GASTROPODA |LC 4011111111111 |1 1|1 |1 |1 |1 |1 |1 |1 |1 111|122 jafafafaf1f2f1f1 |11 |1 [1/1|1
Corbicula baudoni BIVALVIA DD 4011111111111 |1|1|1|1 |1 |11 |1 |1 |1 |11 1|11 11111 f1f2f1f1f1f1f1f1/1(1
Corbicula blandiana BIVALVIA LC 4011111111111 |1|1|1|1 |1 |1 |1 |1 |1 |1 |11 1|1 f21 11111 f1f1f1f1f1f1f1 /1|11
Corbicula castanea BIVALVIA DD 3501|1112 |12 |22 f1]|2j1|2 1|2 |21 2|21 |1|21f1]|2f1]2f1]|1 1]1 1]1)1]1 1]1)1
Corbicula lamarckiana BIVALVIA LC 12 1 1 1]1|1|1|1]1]|1]1]|1]|1
Corbicula leviuscula BIVALVIA DD 31 11 1j1j1]1]1]1]1]1]1 1j1j1j1j1j1j1f1j1f1)1)1)1)1)1]1]1]1]1
Corbicula lydigiana BIVALVIA DD 3211|111 ]|1]1]1]|1 11 1 il 1 1(1(1f1|1]1|1|1]1]1]|1
Corbicula messageri BIVALVIA DD 9|1|1|1|1|1|1]1]1 1
Corbicula_moreletiana BIVALVIA LC 17]1f{1f1f1f1f1f1[1(1 1 1]1(1]1 1]1
Corbicula siamensis BIVALVIA DD 4011111111 |1|1|1|1]|1]1]|1]1]1]|1 i1j1j1j1j1j1j1j1j1 /1 /1|1 |1)1)1)1)1]1)1]1]|1]1
Corbicula tenuis BIVALVIA DD 7 1]1(1]1]1]1]1
Cristaria plicata BIVALVIA DD 4011111111111 |1|1|1|1 |1 |1 |1 |1 |1 |21 |21 [21 21|22 fafafafaf2f2f1f1f1 |1 1 f1|1|1
Ensidens ingallsianus BIVALVIA LC 4011111111111 |1|1|1|1 |1 |11 |1 |1 |1 |1 |1 1|11 j1fj1f1f1f1f1f1f1f1f1f1f1f1/1(|1
Gyraulus convexiusculus GASTROPODA |LC 311111111 |1]1]1]1]|1 1]1]1]1]1]1]1 11 1{1f(1f1|1]1|1|1]1]1]|1
Gyraulus siamensis GASTROPODA |LC 4011111111111 |1 (1|11 |21 |11 |21 21|22 21|22 fafafafafafafafafaf1f2 2|1 1|11
Halewisia expansa GASTROPODA |LC 1 1 1/1(1
Hubendickia polita GASTROPODA |NT 31111111111 |1|1|1|1]1]1]1]1]1|1 1j1j1j1j1j1j1j1f/1/1|1 11
Hubendickia velimirovichi |GASTROPODA |DD 1
Hyriopsis delaportei BIVALVIA LC 8 1 1(1]1]1
Hyriopsis myersiana BIVALVIA DD 9 1]1f(1)1]1|1
Idiopoma doliaris GASTROPODA |LC 3011111111111 |1 1|11 |1 |1 |1 |1 |1 |1 |1 |11 |1 |1 |1 |1 |1 |11
Idiopoma ingallsiana GASTROPODA |LC 3611|2111 |1|2f1]2f21|2 21|21 )22 |1{2 Q]2 j2]|2fQ|2fQ1 2|21 1|2 |1]|21|1]|1
Idiopoma javanica GASTROPODA |LC 4011111111111 |1j1 1|11 |1 |11 1|11 |11 f1f21f1f2faf2faf1f1f1f1 /1|11 1/1
Idiopoma simonis GASTROPODA |LC 40111111111 |1|1 |11 |1|1 |1 |1 |1 |1 1|11 1|11 f1f1f1f21f1f1f1f1f1f1 /1|11 11
Indoplanorbis exustus GASTROPODA |LC (1111 f1f1f1f1f1|/1|1 1]1]1]1]1]1]1
Intha umbilicalis GASTROPODA |LC 4011111111111 |1 (1|1 |1 |21 |11 |21 |21 |21 |22 |2 fafafafafafafafafafaf2f1f1 |1 |1 1|1
Jullienia_harmandi GASTROPODA |LC 40|11 )1j1j1j1|1j1|1|1|1j1|1|1]1]1]1]1|1 1(1(1f(1f1]1]1|1]1]1
Jullienia microsculpta GASTROPODA |DD 3 1]1]1
Lacunopsis monodonta GASTROPODA |DD 3 1(1]1
Lacunopsis sphaerica GASTROPODA |DD 1 1
Lecythoconcha lecythis GASTROPODA |LC 4011111111111 |1|1|1|1 |11 |1 |1 |1 |1 |11 |1|1f1 (11111 f1f1f1f1f1f1f1 /1|11
Limnoperna fortunei BIVALVIA LC 4011111111 |1|1|1|1|1|1|1 |1 |1 |1 |1 1|1 |21 |1 |1|21f21j1fj1f1f1f1f1f1f1f1f1f1f1 /1|11
Mekongia lamarcki GASTROPODA |DD 5 1 1 djaja
Mekongia rattei GASTROPODA |DD 5 1 1 1(1]1
Melanoides tuberculata GASTROPODA |LC 4011111111111 |1|1|1|1 |1 |1 |1 |1 |1 |1 |1 |1 1|1 f1 11111 f1f21f1f1f1f1f1f1|/1(1
Neritina violacea GASTROPODA |LC 3111|1111 |1|1]1]1]1]|1 1]1]1]1]1]1]1 11 1(1f(1f1|1]1]1|1]1]1]|1
Pachydrobia dubiosa GASTROPODA |DD 1 1
Pachydrobia incerta GASTROPODA |NT 2111|1111 ]|1]1|1 11 1]1]1]1|1f1]1|1]|1]|1 1
Pachydrobia paradoxa GASTROPODA |LC 3 1
Paludomus siamensis GASTROPODA |DD 6 111 1]1]1]1
Paraprososthenia brandti |GASTROPODA [NT 4 1 1(1(1
Parreysia humilis BIVALVIA DD 3 1]1]1
Physunio eximius BIVALVIA LC 3 1]1]1
Physunio inornatus BIVALVIA LC 3 1/1]1
Physunio micropterus BIVALVIA LC 3 1/1(1
Physunio superbus BIVALVIA LC 401111111111 |1|1|1|1|1 |1 |1 |1 |1 |1 |1 |1 |1 1|1 f21 111 f1f1f1f1f1f1f1f1f1f1|/1|1
Pila_pesmei GASTROPODA |LC 2 1 1
Pila_polita GASTROPODA |LC 3001111111111 |1|1|1 |21 |21 |21 |21 |21 |21 |21 |21 |21 |21 |21 [1f1f1f1(|1 1
Pilsbryoconcha lemeslei BIVALVIA LC 3
Pisidium clarkeanum BIVALVIA LC 4011111111 j1|1|1 |11 |1|1 |1 |1 |1 |1 1|11 |11 |1 f1f1j1f1f1f1f1f1f1f1 /1|11
Pisidium javanum BIVALVIA LC 10 1]1]1]1]1 1 1(1]1 1
Pisidium sumatranum BIVALVIA LC 10; 1/1]1]1]1 1 1/1]1/1
Polypylis hemisphaerula GASTROPODA |LC 40|11 1111|1111 |11 |1|1 |1 |1 |1 |1 1|1 |11 |11 |11 f1f1f1f1f1f1f1f1 /1|11
Pseudodon inoscularis BIVALVIA LC 2 1 1
Pseudodon vondembuschia|BIVALVIA LC 3 1/1)1
Radiatula pilata BIVALVIA LC r 15 1]1]1]1]1 1 11 1(1(1]1 1/1]1
Radix auricularia GASTROPODA |LC 22 1 1 1j1j1j1]1]1]1 1({1|1|1|1f1|1|1|1|1]1]|1|1
Scabies crispata BIVALVIA LC 23 1 10111 j2j1f2j1jaj1faj1jaf1jaj1j1j1j1f1{1(1
Segmentina trochoidea GASTROPODA |LC 4011111111111 |1|1|1|1|1 |21 |21 |21 21|21 |22 |[21 2|22 fafafafafafaf2fa |1 |1 |1 /1|1
Sinanodonta woodiana BIVALVIA LC 4011111111111 |1|1|1|1|1 |1 |11 |1 |1 |11 |1|1f1j1j1fa1fafafaif2f21f1f1f1|/1 /1|11
Sinomytilus_harmandi BIVALVIA LC 22 1 i1j1j1j1j1j1j1j1j1j1j1j1j1j1fj1|j1j1/1/1|1|1
Stenothyra mcmulleni GASTROPODA |DD 4 1 1/1]1
Sulcospira dakrongensis GASTROPODA |LC 9l1|1|1|1|1|1]1]1 1
Tarebia granifera GASTROPODA |LC 2(1f(1f1f1f1f1f1f1f1|1|1 1/1j1j1]1]1]1 1(1(1]1
Thiara rudis GASTROPODA |LC 15 1 1 11 1{1(1[1]1]1]1]|1[1]1]1
Trapezoideus exolescens |BIVALVIA LC 6 1 1 1 1|1(1
Trapezoideus misellus BIVALVIA DD 5 1 1 1(1[1
Uniandra contradens BIVALVIA LC 1 1{21f21f2f21f2f21f2f21f1|1
Unionetta fabagina BIVALVIA LC 31 11 1(1f(1j1|1j1j1|1|1 |1 |1 |21 |21 |1 j21j2j2j2fafafaj2f1f2 |1 |1 |1|/1|1
Total 36(36|36|36(36(36[36(36(33|33|36|32|33|33|33|33|36|33|35|37|37|37|37|37|33|37|35/54|37|39(34|35|48|37|37|37|35
Total Bivalve 13/13(13|13|13|13|13|13|13|13|13|14|13|13|13|13|14|13)|15/18)|18)|18)|18|18|15|18|15|22|18|18|17|17|24|21|21|21|18
Total Gastopods 23(23|23]23]23]23]23]23]20{20{23|18]20|20|20|20|22|20|20|19/19/19/19/19|18|19|20|32|19|21|17|18|24|16|16|16|17
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Aquatic plants

Presence; Sub-basin Code
Red List | in sub-
Species Binomial Code | basins [99|98|97(96(95/94|93|92|69|68|91|80(67|66|65)64|61|63|62|29)28|27|26|24|50|25|40|22|23|21|30|19|18|17|16|15|14|12|13| 11
[Acanthus ilicifolius MAGNOLIOPSIDA Lc 31 |aafafafaf[afafafala]1 1lafalalafa]a 1[1 alafafafafafafa[a]a]s
[Adenosma_indianum MAGNOLIOPSIDA Lc 20 |alafafafafafala[afafalalalala[afalafafafafafafafafafafalalafalafafalaala]a]a]1
[Aeschynomene aspera MAGNOLIOPSIDA L 20 [alafafafafafalafafalalalalala[a[alalafafafalafafafafafalafafalafalalaa]ala]a]s
|Aeschynomene indica MAGNOLIOPSIDA Lc 36 |a|alafafafalafalafafafafalafalafalalalalafafala|afalafafala]a]a]1 111
|Aglaonema_simplex LILIOPSIDA Lc 20 [alalafafalalalalafa[afalalalalalalalalalafafala|afalalalala]alala]alala]a]a]1]a
[Alisma_plantago-aquatica _|LILIOPSIDA L a0 [afafalalafafafafalalalala[afalalalalafafalafafafafalalaafalalalala]alala]a]a]1
|Alocasia_odora LILIOPSIDA [ 31 Jafafafafafafafafa]a]a 1fafafafafa]s 11 afafafafafafaafafa]a
Alternanthera_sessilis IMAGNOLIOPSIDA L 18 [afafafafafafafafafa]s 1fafafafafa]s
[Bacopa_monnieri IMAGNOLIOPSIDA L 20 [afafafafafafafafafafalafafafafafalafafafafafafafafafafafafafaafalafafafa]a]a]s
Blyxa_aubertii LILIOPSIDA L 20 [afafafafalafafafafafafafafafalafalaafafafafafafafafafafafafafafafafafafa]a]a]a
Blyxa octandra LILIOPSIDA L 18 [afafafafafafafafa]a]a 1fafafafafa]a
nya quadricostata LILIOPSIDA DD 3 1 1 1
Caldesia_oligococca LILIOPSIDA L 18 [afafafafafafafafa]a]a afafafafafa]a
Caldesia_parnassifolia LILIOPSIDA L 18 [afafafafafafafafa]a]a afafafafafa]a
Centella_asiatica MAGNOLIOPSIDA Lc 36 [afafafafafafalalafafafafalafa{afafafafafafafafafafafafafafa]a]a]a 111
[Centrostachys aguatica MAGNOLIOPSIDA Lc 31 Jafafafafafafalala]a]1 afafafalafa]a 1]1 afafafafafafafafa]a]s
c demersum_|MAGNOLIOPSIDA L 20 Jalafafafalalalaafafafalalalafafalafafafafalafafafafafalafafafafafala]alala]a]s
c muricatum _|[MAGNOLIOPSIDA Lc 20 [alafafafalalalalalafafafalala{a{afalalalafafafafafalafafalafalalafalala]ala]a]a
(Cladopus fallax MAGNOLIOPSIDA DD 18 [afafafalafafafafafaf1 1fafafafafa]1
(Cladopus pierrei MAGNOLIOPSIDA L 36 (alalafafafafalalafafafafafalalafafalalalafafalafafalafafafa]a]a]a 111
Colocasia_esculenta LILIOPSIDA [ a0 [afafafalalafafafafalala{a[afafalalalafafafafafafafafafafafafafafalafafafa]a]a]s
[Colocasia fallax LILIOPSIDA L 18 [a|1fafafafafafafa]a]a alafafafafa]a
Cryptocoryne ciliata LILIOPSIDA L 18 |a|afafafaf[af[afafa]a[a 1lafafafafa]1
Cryptocoryne crispatula___|LILIOPSIDA L a0 Jalafafafafafafaafafafafafafafafafafafafafafafafafafafalafafalafafala[afa]a]a]1
Cryptocoryne LILIOPSIDA DD 3 1 1 1
Cryptocoryne retrospiralis _|LILIOPSIDA Lc 36 |a|a|afafafafafalafalafaalalafafalalalafalafafafa]afalaa]a[a]a]1 11
Curanga amara MAGNOLIOPSIDA Lc 18 |a|afafafa[afafalala]1 1lafafalafa]a
Cussetia_carinata MAGNOLIOPSIDA DD 20 [alafafafalafalalafafalalalala[aalalalafafalalafalafalalalafalafalala]a]a]a]a]s
Cussetia_diversifolia MAGNOLIOPSIDA DD 31 Jalafafafafalalalafafalalalafa[afalalafafalalafafala]aal1]a 1
[Cyanotis_axillaris LILIOPSIDA L 20 [afafafafafafalafafafafafafafafafafafafafafafafafafafafafafafafalafafafa]afafa]a
(Cyclosorus interruptus POLYPODIOPSIDA L 18 [afafafafafafafafafa(s afafafafafa]1
(Cynometra iripa MAGNOLIOPSIDA Lc a0 [afafafafafafafafafalafafafafafafalafafafafafafafafafafafafafafafafafafafa]ala]s
Dopatrium_junceum [MAGNOLIOPSIDA L 18 [afafafefafafafafafa(s ifafafafafa]s
Drosera_burmanni MAGNOLIOPSIDA L 31 Jafafafafafafafafa]a]a aifafafafafa]s 11 afafafafafafaafafa]a
Drosera_indica IMAGNOLIOPSIDA L 20 [afafafafafafafafafalalafafafafafafafafa]s afafafafafafafafafafafafafafafa]a]s
Drosera peltata MAGNOLIOPSIDA L 20 Jalafafafafafafafafafafafafafafafa]a]a]a]a afafafafafafafafafafafafafafa]a]a]a
Eclipta_angustata MAGNOLIOPSIDA L 18 [afafafafafafafafafa]a 1fafafafafa]a
Enydra fluctuans MAGNOLIOPSIDA Lc g0 Jalafafafafalalafafafafalalalafafafafafafafalafafafafafalafafafafafalaafala]a]s
[Ethulia_conyzoides MAGNOLIOPSIDA Lc 36 [afafafafafafalalafafafafalafal{afafafalalafafafafafalafafala]a]a]a 111
(Grangea IMAGNOLIOPSIDA Lc 36 Jalafafafafafalalafafafafalalala{afafafalafafafafafalafafala]a]a]a 111
Hemisteptia_lyrata MAGNOLIOPSIDA Lc 36 (alafaf{afafafalalafafafafalalalafafalalalafafafafafalafafala]a]a]a 111
Hydrilla verticillata LILIOPSIDA L a0 [afafafalalafafafalalala{afafalalalalafafalafafafafafalafafafafafalaafafa]ala]s
Hydrobryum griffithii IMAGNOLIOPSIDA L 18 [alafafafafafafafa]a]a afafafalafa]1
[Hydrobryum japonicum __ |MAGNOLIOPSIDA [ 18 [al1fafaf[afafafala[a]a afafafalafa]1
[Hydrobryum tardhuangense [MAGNOLIOPSIDA DD 36 [a|afafafafafafalafafafafafafalafafafafalafafafafafalafafafaa]als 111
[Hydrocharis_dubia LILIOPSIDA L 18 [a|afa[afafafafafa]a]a 11 fafafafa1
Hydrodiscus koyamae MAGNOLIOPSIDA L 36 |aa|a|afafafafalafafafafafalafafalalalafalafafafa]alala]a]a[a]a]1 111
Hydrolea zeylanica MAGNOLIOPSIDA Lc 36 |aa|afafafafafalafafafaalalafafalalalafalafafafa]alala[ala[a]a]1 111
Hygrophila_auriculata MAGNOLIOPSIDA L 36 |aa|a|afafafafalafalalafalalafafalal{alalalafafafa]alala]ala[a]a]1 111
Hygrophila_pinnatifida MAGNOLIOPSIDA Lc 20 [alafafafafafalalafafalalalala[alalalalafafalafafafafafalalafalafalala]a]a]a]a]s
ygrop! MAGNOLIOPSIDA Lc 20 [alalafafafalalalala[afafafalalalalalalalafafalafafalafalala]afala]alala]a]a]a]n
Hygrophila_salicifolia MAGNOLIOPSIDA L 36 [afafafafafafalafafafafafafafafafafafafafafafafafafafafafafa]a]a]a 1a]q
Isachne globosa LILIOPSIDA L a0 [afafafafafafafafafalafafafafafafalafafafafafafafafafafafafafaafafafafafa]a]a]s
Buncus articulatus LILIOPSIDA L 18 [afafafafafafafafafa(s 1fafafafafa]s
Buncus bufonius LILIOPSIDA L 18 [afafafafafafafafafa]s 1fafafafafa]s
Buncus decipiens LILIOPSIDA L 36 [afafafafafafalalafafafafafafafafafalafafafafafafafafa]afafa]a]a]s 111
Duncus prismatocarpus LILIOPSIDA L 20 [afafafafalafafafafafafafafafalafalafafafafafafafafafafafafafafafafafafafa]a]a]a
Juncus LILIOPSIDA L 36 [afafafafafafafafafafafafafafafafafafafafafafafafafafafafafafa]a]s 111
Landoltia_punctata LILIOPSIDA L 18 [afafafafafafafafafa]a afafafafafa]a
Lasia_spinosa LILIOPSIDA Lc 20 Jalafafafafafalafafafafalalalafafafalafafafafafafafafafalafafafafafalaafala]a]s
Lemna LILIOPSIDA L 18 [afafafafafafafafafaf1 afafafafafa]a
Lemna_perpusilla LILIOPSIDA Lc 20 [alafafafafafalaafafafalalalafafafafafafafalafafafafafalafafafafafalaafa]a]a]s
Limnophila_erecta MAGNOLIOPSIDA Lc 20 [alafafafafalalalalafafafalalalafafalalalafafafafalalafafafafafalaalala]ala]a]a
Limnophila_geoffrayi MAGNOLIOPSIDA Lc 20 [alafafafalalalalalafafafafalala{afalalalafafafafafalafafalafalalalalala]alala]a
Limnophila_glabra IMAGNOLIOPSIDA L 31 Jafafafafafafalala]a]a afafafalafa]s 11 afafafafafafafalafa]a
Limnophila_heterophylla__[MAGNOLIOPSIDA [ a0 [afafafafalafafafafalala{afafafalalalafafafafafafafafalafafafafafalafafafa]a]al1
Limnophila_indica IMAGNOLIOPSIDA L a0 [afalafafafafafafafafafalafafafafalalafafafafafafafafafafafafafafafafafafa]a]a]a
Limnophila laxa MAGNOLIOPSIDA L 18 |a|afafafaf[afafafa]a[a 1lafafalafa]a
Limnophila_micrantha MAGNOLIOPSIDA L a0 |alafafafafafalafafafafafalala[afafafafa[afafafafafafafafafafafafafala[afa[a]a]1
Limnophila_polyantha MAGNOLIOPSIDA DD 18 |a|afafafaf[afafafalala 1lafafalafa]a
Limnophila_rugosa MAGNOLIOPSIDA Lc 36 |aa|afafafafafalafafafafafalafafalalalafala[afafafalalaala[a]a]1 11
Limnophila_sessiliflora MAGNOLIOPSIDA Lc 18 |a|a|sfafa[afafafafa]1 1lafafafafa]a
Limnophila villifera MAGNOLIOPSIDA L 36 |a|afafafafafafafafaalafalafalalalalalafafafala[afafafafa[a]a]a]1 111
Li LILIOPSIDA Lc 18 |aafafafa[afafafafa]1 1lafafalafa]1
Lindernia_antipoda MAGNOLIOPSIDA Lc 20 [alafafafalalalalafa[afalafalalalalalalalalafala|afalalalala[afala]alala[a]a]1]a
Lindernia_crustacea MAGNOLIOPSIDA L 20 [afafafafafafalafafafafafafafa o afafafafafafafafafafafafafafafalafafala]afafa]a
Lindernia_micrantha [IMAGNOLIOPSIDA [ 20 [afafafafafafafafafalalafafafafafalafafafafafafafafafafafafafaafalafafafa]a]a]s
Lindernia_mollis IMAGNOLIOPSIDA L 20 [afafafafafafafafafalalafafafafafalafafafafafafafaafafafafafaafafafafafa]a]a]s
Lindernia_procumbens IMAGNOLIOPSIDA L 36 [afafafafafafafafafafafafafafafafafafafafafafafafafafalafa]afa]a]1 111
Lindernia_viatica MAGNOLIOPSIDA [ 36 [afafafafafafafafafafafafafafafafafafafafafafafafafafalafalafa]a]1 111
Marsilea crenata POLYPODIOPSIDA L 36 [afafafafafafalafafafafafafafafafafafafafafafafafafafafafafa]a]a]a 111
Marsilea minuta POLYPODIOPSIDA Lc 20 [alafafafafafalafafafafalalalafafafafafafafafafafafafafalafafafafafalaafa]a]a]s
Marsilea_quadrifolia POLYPODIOPSIDA Lc 20 [afafafafafafalafalafafafafafafafafalafafafafafafafalafafafafafalafafala]afa]a]a
cyanea LILIOPSIDA Lc 36 [afafafafafafalalafafafafafalal{afafafafalafafafafafalafafafa]a]a]a 111
hastata LILIOPSIDA L a0 [afafafalalafafafafalalafafafalalalalafafalafafafafafalafafafafafalaafafa]ala]s
korsakowii __|LILIOPSIDA L 36 Jalafafafafafalalafafafafafalala{alalalalafafafalalalaafala]ala]s 111
[Monochoria vaginalis LILIOPSIDA [ a0 [afafafafalaafafafalalal{afafalalalalafafafafafafafafalafafafafafalafafafa]a]a]1
Najas graminea LILIOPSIDA L 31 Jafafafafafafafala]a]a 1fafafafa]a]a 11 afafafafafafafaala]a
Najas_indica LILIOPSIDA [ a0 Jalafafafalalalalafafafalalalafafalalafafafafafafafafafafafafafafalalalafala]a]1
Najas marina LILIOPSIDA Lc 18 [aafafafafafafafafala afafafalafa]a
Najas_minor LILIOPSIDA Lc 18 |a|afafafa[afafafala[1 1lafafalafa]a
Nechamandra alternifolia__|LILIOPSIDA Lc 18 |a|afafafa[afafafala[a 1lafafala[a]a
Neptunia oleracea MAGNOLIOPSIDA Lc 20 |alafafafafafalafafafafalafala[afalafafafafafafafafafafalafafalafafala[afala]a]1
Nymphaea nouchali MAGNOLIOPSIDA Lc 20 [alafafafafafalafafafalalalala[a[afafalafafalafafafafafalafafafafafala[a]ala]a]s
Nymphaea pubescens MAGNOLIOPSIDA L 20 [alalafafafalalalafa[afafafalala{alalalalafafala|afalafalala[afalalalala]ala]a]a
Nymphaea rubra MAGNOLIOPSIDA Lc 90 [alalafafafalalalafafafafafalalalalalalalafafalafafalafafala[afala]afala]a]a]a]a
tetragona [IMAGNOLIOPSIDA L 18 |aafafafafafafafafal1 1lafafafafa]1
[Oenanthe javanica IMAGNOLIOPSIDA L a0 [afafafalafafafafalalalala[aalalalalafafafafafafafafalafafalafafala]afala]a]a]1
Ottelia_alismoides LILIOPSIDA L 18 [afafafafafafafafafafs 1fafafafafa]s
Ottelia_cordata LILIOPSIDA L 15 1 1 11 afafafafafafafafa]a]s
nodosus LILIOPSIDA L 36 [afafafafafafafafafalafafafafafafafafafafafafafafafafafafa]afa]a]s 111
octandrus __|LILIOPSIDA L 18 [afafafafafafafafa]a]a 1fafafafafa]a
wrightii LILIOPSIDA L 36 [afafafafafafalafafafafafafafafafafafafafafafafafafafafafafa]a]a]a 111
Ranalisma_rostrata LILIOPSIDA DD 18 [afafafafafafafafafala afafafafafa]a
Sagittaria LILIOPSIDA Lc 18 [afafefafafafafafafafa afafafafafa]a
sagittaria_pygmaea LILIOPSIDA L 2 1 1
[Sagittaria_trifolia LILIOPSIDA Lc 20 [alafafafafalalaafafafalalalafafalafafafafalafafafafafalafafafafafalafafa]a]a]s
[salvinia_cucullata POLYPODIOPSIDA Lc 20 [alafafafafalalaafafafalalalafafafafafafafalafafafafafalafafafafafalaafala]a]s
Salvinia_natans POLYPODIOPSIDA Lc 20 [alafafafafafalalalafafafalalal{afafalafalafafafafafalafafalafafalaalala]ala]a]a
Sesbania_bispinosa IMAGNOLIOPSIDA L 31 Jafafafafafafalala]a]a 1fafafafafa]1 11 afafafafafafafalafa]a
Sesbania javanica IMAGNOLIOPSIDA L a0 [afafafalalaafafalalala{afafalalalalafafalafafalafafalafafalafafalafafafa]ala]s
Trapa_incisa IMAGNOLIOPSIDA [ 36 Jalafa{a[afafalalafafafafafafalalafafafalafafafafafalafafafa]a]a]a 111
Typha LILIOPSIDA L 18 [aafafafafafafafafala afafalalala]a
[Typha orientalis LILIOPSIDA L 36 |a|a|afafafafafafafalala[afafafalala]a[a]s 1fafa]1 AEERERE 1
[Typhonium flagelliforme _|LILIOPSIDA L 20 [alalafafafafafafafa[afafafafalafa[afa]a]a R afafaf1]a 1afaf1]a
|Vallisneria natans LILIOPSIDA Lc 18 |a|afafafa[afafafalala 1lafafalafa]a
|Vallisneria spiralis LILIOPSIDA L 20 |alafafafafafalaafafalalalala[afalafalafafalalafafafafala[afalafafalaala]a]a]1
[Wedelia_chinensis MAGNOLIOPSIDA Lc 20 [alafafafafafalafafafalalalala[a[alafafafafalafafafafafalafafalafalala]afala]a]s
[Wolffia_globosa LILIOPSIDA Lc 20 [alalafafafalalalala[afafalafala{alalalalafafafafafalafafalalafala]alala]a]a]a]a
[Xyris wallichii LILIOPSIDA L a0 [afafafalafafafafalalalala[afalalalalafafalafafafafalalaafalalalala]alala]a]a]1
Zannichellia_palustris LILIOPSIDA L a0 [afalafalafafafafalalalala[afalalalalafafalafafafafafalafafalafalala]alala]a]a]1
[Total 117]117[117 117117117127 |117|117]117[117] 78 [117[117|117[117]119[117[119] 78| 78 [ 78 | 78 [ 78 |78 | 78 86 [ 83 | 78 88 |85 |85 88 60 | 60 [60 |60 |85 [85 [ 85
[Total Liliopsida 50505050 50[50[50]s0|50]|50[50]28]50]50]50]50]52[50]52][28]28[28]28|28[28]28]31[33]28]33[31]31|33[23]23]23[23[31]31[31
[Total I 61]61]61]61]61]61]61[61[61[61]61]45]61[61[61]61]61]61]61][a5[45]45[45]45]45[45[50]50(45]50]49[49[50]33[33[33|33[49]49]49
[Total 6]6|el6]6[6[6[6]6]6[6[s[e]6[6]6]6[6[6[s[s[s[s]s[s[s[s[s[s]s[s[s[s[a[afafa]s]s]s
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Fish

Sub-basin Code

Red List | Presence in

Species Binomial Code | sub-basins 28(27|26{24|50
Acanthopsoides delphax LC 25 1 1(1 1 1(1|1])1|1]|1 1| 1 1 1 11111
Acanthopsoides gracilentus LC 19 1 1(1 1 1)1 1 1| 1 1 1 11111
Acanthopsoides gracilis LC 16 1 1)1 1 111 1 111 1 1 1]1]1]1]1
Acanthopsoides hapalias LC 26 1 1(1 1 1)1 111 1|1 1 1 11111
Acantopsis_choirorhynchos LC 32 1 1)1 1 1]1f1]1f1]1 1)1 1 a 1]1]1]1]1
Achiroides melanorhijnchus LC 3 1/1]1
Akysis bilustris DD 9 1111 1
Amblyceps serratum DD 8 1
Amblypharyngodon chulabhorna{  LC 10 1
Annamia_normani LC 19
Auriglobus modestus LC 3 1 1
Auriglobus nefastus LC 2 1
Bagarius suchus NT 40 1(1]1 1 1 1(1f1]1 1 1 1 1/1[1]1]1|1]1
Bagarius yarrelli NT 40 1]1(1]1 1 1 1]1(1)1]1 111 1 1/1f1f1]1]1]1
Bagrichthys obscurus LC 10 1[1 1 1111111
Balitora annamitica LC 40 1]1f1]1f1]1|1]1 i i 1]1(1)11 111 i 1)1f1f1]1]1]1
Bangana behri vu 20 1(1f1)1)1|1]1]|1 1 1 1 1 1 1 1]1(1 1/1]1
Bangana yunnanensis DD 40 1{1f1f(1f1[1f1]1 1 1 1/1(1)1f1|1]1 1 (1)1 1 1 1 1111111
Barbichthys laevis LC 40 1(1(1[1|1]1]1]1 1 i 1(1]1f1f1f1]1 1]1]1 i i 1 1(1f(1)1]1]|1]f1
Barbonymus altus LC 23 1 1/1(1)1f1|1|1 1 (1)1 1 1 1 1|11 )1]1|1]1
Barbonymus gonionotus LC 19 1{1(1]1]|1 1 11|11 1 1 111 )1]1[1f1
Barbonymus sc LC 40 1 1111111 1/1]1]1 1 1|1 )1/1f1]1]|1]1
Belodontichthys truncatus LC 40 1 11|11 |1|1]1 1 (111 1 1 |1]1|1f1|1]1]1
Betta prima LC 3 1/1]1
Betta smaragdina DD 3 1[/1]1

microlepis NT 8 1[1]1
Boleophthalmus boddarti LC 23 1)1f1]1/1 111]1
Brachirus _harmandi LC 32 1]1f1)11 1{1])1
Brachirus panoides LC 3 1(1]1
Brachygobius mekongensis LC 11 1 1(1]1
Catlocarpio CR 10 1(1]1
Channa gachua LC 40 11111 1(1]1
Channa_lucius LC 3 1(1)1
Channa_marulius LC 40 1(1]1f1]1 10101
Chaudhuria_caudata DD 18 1(1(1(1 10101
Chitala_blanci NT 1 1 10101
Chitala lopis LC 3 111
Chitala ornata Lc 3 1(1)1
Cirrhinus jullieni DD 3 1)1]1
Cirrhinus microlepis VU 3 1)1]1
Cirrhinus molitorella NT 15 1)11(1
Clarias macrocephalus NT 3 1)1]1
Clupeichthys aesarnensis LC 3 1]11]1
Clupisoma_sinensis LC 40 1(1]1]1|1 1]1]1
Coilia_lindmani Lc 3 1{1(1
Cosmochilus_harmandi LC 31 11111 1/01]1
Crossocheilus_atrilimes LC 9 1/01]1
Crossocheilus reticulatus LC 10 10101
Cyclocheilichthys apogon LC 3 111
Cyclocheilichthys armatus LC 22 1(1f1f1]1 1[/1]1
Cyclocheilichthys enoplos LC 11 1 111
Cyclocheilichthys furcatus LC 9 1[/1]1
Cyclocheilichthys heteronema LC 3 1(1]1
Cyclocheilichthys lagleri LC 32 1(1f1f1(1 1(1]1
Cyclocheilichthys repasson LC 3 1[(1]1
Cynoglossus feldmanni LC 3 1(1]1
Cynoglossus_microlepis LC 3 1)1])1
Datnioides undecimradiatus VU 20 1(1(1(1 10101
Dermogenys LC 23 1(1f1]1]1 1/11]1
Devario gibber LC 13 1
Devario salmonatus DD 10
Doryichthys boaja LC 3 1
Doryichthys contiguus LC 10 1]1
Elops machnata LC 2
Epalzeorhynchos frenatum LC 3 1[(1]1
Epalzeorhynchos munense vu 23 1(1]1]1]|1 1]1]1
Esomus longimanus DD 10 1]1]1
Esomus metallicus Lc 3 10101
Eugnathogobius siamensis LC 3 111
Garra cambodgiensis LC 32 11111 111
Garra_cyrano DD 20 1 11111
Garra fasciacauda Lc 13 1 111
Glossogobius giuris LC 9
Glyptothorax filicatus DD 11 1
Glyptothorax lampris LC 21 1(1f1f1(1 1 1 111 1
Glyptothorax laosensis LC 40 1f(1f1f1(1 1 1 111 1
Glyptothorax trilineatus LC 10 1(1f1(1 1 1
Gymnostomus caudimaculatus LC 11 1 1 1[1(1 1[(1]1
Gymnostomus lineatus LC 8 1 1 1[1(1 1(1]1
Gymnostomus lobatus LC 8 1 1 1(1(1 1(1]1
Gymnostomus ornatipinnis LC 20 1(1(1]1 1 1 1/1]1 1/1]1
Gymr J i LC 10 1 1 1111 1)11]1
Gyrinocheilus_pennocki LC 9 1 1 11111 11111
Hampala dispar LC 8 1 1 1]1(1 1/1]1
Hampala macrolepidota LC 3 1/1]1
Helicophagus leptorhynchus DD 3 111
H inkii LC 3 1/1]1
Hemibagrus filamentus DD 3 1 1 1
Hemibagrus nemurus LC 40 11111 1 1 1 111
Hemibagrus wyckii LC 12 1 1 1 1
Hemibagrus wyckioides LC 12 1 1 1
Hemimyzon ecdyonuroides DD 11
Hemimyzon papilio LC 18
Heteropneustes fossilis LC 18 1(1f1f1
Homaloptera confuzona DD 23 11111 111]1
Homaloptera leonardi LC 3 111]1
Homaloptera smithi LC 40 1(1]1]1]1 1/1]1
Homaloptera tweediei DD 11 1(1]1
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Sub-basin Code

Species Bil ial Code | sub-basins 91|80/67|66|65(64| 61 |63 29|28(27|26|24|50

Homaloptera yunnanensis LC 40 1(1(1f1|1|1]|1]1 1|1(1]1(1|1 1111 1111
Homaloptera zollingeri LC 7 1/1]1 1/1]1
Hypsibarbus lagleri VU 12 1 1 1[1]1 1(1]1
Hypsibarbus malcolmi LC 6 1/1]1 1/1]1
Hypsibarbus pierrei DD 30 1{1)1f1|1 1{1]1]1|1]1 1(]1]1 1]1]1
Hypsibarbus vernayi LC 3 1/1]1
Hypsibarbus wetmorei LC 13 1 1 1[1]1 1(1]1
Kryptopterus_bicirrhis LC 22 1 1{1]1]1|1]1 1 1 1(1]1 1(1]1
Kryptopterus geminus LC 3 1111
Labeo barbatulus DD 40 1)]1(1f1|1]1f1/1 1)]1(1j1|1)1]1 1)]1(1]1f1)1 1)1 1 1)1(1]1[1]1]1
Labeo chrysophekadion LC 31 1)1(1(1]1]1(1[1 1)1 1 1)1(1]1/1)1 1)1 1 1]1(1)1[1]1]1
Labeo pierrei Y 32 1)]1(1f1|1]1f11 1)1 1 1)]1(1]1f1)1 1)1 1 1)1|1)1[1]1]1
Labiobarbus leptocheila LC 22 1f{1]1])1f1f1f{1]1 1 1 1 1)1 1 1(1]1)]1 111
Labiobarbus siamensis Lc 6 101(1 101(1
Laides longibarbis LC 32 il 1 il 1)1 i 1]1]1]1/1)1 1 111 1]1]1]1 11111
Laubuca caeruleostigmata EN 10 1 1 1 (111 1/1]1
Lepidocephalichthys furcatus LC 15 1 1(1 1 1 1 1 1 1
Lepidocephalichthys hasselti LC 12 1 1 1 1 1 1/1]1
Leptobarbus rubripinna DD 3 1]1]1
Lobocheilos melanotaenia Lc 3 1011
Lobocheilos rhabdoura Lc 3 1111
Luciosoma_bleekeri Lc 3 1011
Luciosoma setigerum DD 3 1(1]1
Lycothrissa crocodilus LC 3 1/1]1
Macrochirichthys macrochirus NT 11 1 1 1]1]1
Macrognathus circumcinctus LC 6 1(1]1
Macrognathus maculatus LC 18 1f{1]1]1]1 1(1]1
Macrognathus semiocellatus LC 6 1/1[1
Macropodus opercularis LC 8 1{1)1f1f1

Mastacembelus favus Lc 3 1011
Mekongina_erythrospila NT 20 1 1 1 1)1 1 1(1]1 1]1]1
Monopterus albus LC 40 1(1(1]1)1f1f1 1{1](1]1|11 1]1 1 1(1]1 1(11]1
Monotrete baileyi LC 9 1)1 1 1(1]1 1]1]1
Monotrete cambodgiensis LC 20 1 1)1(1f1]1 1)1 1 1/1(1 1/1]1
Monotrete cochinchinensis LC 3 1111
Monotrete ocellaris Lc 3 1011
Mystacoleucus atridorsalis LC 14 1 1 1 1 1]1]1
Mystacoleucus marginatus LC 33 1(1 1 1{1(1]1|11 1 1 1(11]1
Mystus atrifasciatus LC 5 1 1 1]1]1
Mystus multiradiatus LC 32 1)1 1 1)]1(1]1f1)1 1 1 1/1]1
Mystus mysticetus LC 5 1 1 1]1]1
Mystus rhegma DD 3 1(1]1
Mystus singaringan LC 20 1 1({1]1]1]1 1 1)1(1]1 1]1]1
Nandus _oxyrhynchus LC 40 1]1(1]1/1)1]1 1)]1(1]1f1]1(1 111 1/1]1
Nemacheilus longistriatus LC 28 1(1]1]1|1f1f1 1{1]1])1|1f1]1 111

Nemacheilus platiceps DD 23 1 1 1(1]1]1|1f1]1 1|11 1(1]1
Neodontobutis aurarmus LC 3 1]11(1
Neolissochilus_blanci NT 38 1)]1(1]1|1)1]1 1)1(1]1f1]1(1 111 1)]1(1)1[1]1]1
Notopterus notopterus LC 40 1 1{1)1f1f1 1 1(1])1(1 111 1111|111
Ompok_urbaini LC 40 1]1(1f1|1)1]1 1)]1(1]1f1)1 1 1)1 1)/1(1)1[1]1]1
Onychostoma meridionale LC 12 1 1 1]1 1111|111
Opsarius koratensis LC 5 1 1 1(1]1
Opsarius ornatus LC 5 1 1 1]1]1
Opsarius pulchellus LC 22 1)1 1 1 1 1(11]1 111]1
Osphronemus exodon VU 23 1 1 1)1(1]1f1]1 1 1 1/1(1 1/1]1
Osteochilus lini LCc 3 1011
Osteochilus melanopleura LC 6 1/1[1 1/1]1
Osteochilus microcephalus LC 6 1[1]1 1(1]1
Osteochilus vittatus Lc 6 101(1 1(1(1
Osteochilus waandersii LCc 8 1 10101 101(1
Oxyeleotris marmorata LC 6 1 1(1]1
Oxygaster anomalura LC 8 1 1 1111 1]1]1
Oxygaster pointoni VU 20 1 1({1]1]1]1 1 1 1 1(1]1 1(11]1
Pangasianodon hypophthalmus EN 10 1 1 1(1]1 1]1]1
Pangasius bocourti LC 9 1 1 1 1(1]1 1(11]1
Pangasius conchophilus LC 9 1 1 1 1(1]1 1]1]1
Pangasius elongatus DD 9 1 1 1 1(1]1 1(1]1
Pangasius krempfi VU 19 1f{1]1]1]1 1 1 )1/1] 1 1 1 11111 f1]1
Pangasius larnaudii LC 22 1 1{1(1]1|1f1(1 1 )1(1] 1 1 1 1(1]1]1|1f1([1
Pangasius macronema LC 22 1 1 1|1(1f1f1|1]|1 1 [(1(1 1 1 1 1(1]1]1 111
Pangasius mekongensis LC 22 1 1{1(1]1|1f1(1 1 )1(1]1 1 1 1(1]1]1|1f1([1
Pangasius sanitwongsei CR 23 1 1 1{1]1]1|1f1]1 1 )1/1] 1 1 1 1111 |1|1]1
Pangio myersi LC 11 1 1 1]1 1 1(1]1 1(1]1
Papuligobius ocellatus LC 12 1 1 1)1 1 111 1(1]1
Parachela_maculicauda Lc 3 101(1
Parachela oxygastroides LC 31 1(1)1)1f1f1 1)]1(1]1f1)1 1 1]1]1
Parachela i Lc 3 101(1
Parachela williaminae LC 3 11111
Paralaubuca barroni Lc 3 101(1
Paralaubuca harmandi LC 6 1111
Paralaubuca riveroi Lc 15 1 1 101(1
Paralaubuca typus LC 6 1]1]1
Parambassis apogonoides LC 3 1(1]1
Parambassis siamensis LC 6 1111
Parambassis wolffii LC 3 101(1
Parasikukia _maculata LC 3 1]11(1
Phalacronotus apogon LC 3 1/1]1
Phalacronotus bleekeri LC 3 1111
Physoschistura pseudobrunneand LC 12 1 1 1 1/1]1
Polynemus i i LC 6 1 1(1]1
Poropuntius aluoiensis DD 9 1

Poropuntius bolovenensis EN 18 1(1 1({1]1]1]1 1

Poropuntius consternans EN 18 11 1|1]1]1(1 1

Poropuntius laoensis LC 13 1 1 1 1

Poropuntius lobocheiloides EN 18 1)1 1f(1]1]1]|1 1

Poropuntius normani LC 20 1 1 1 1

Poropuntius solitus EN 18 1(1 1|1]1[1(1 1

Pristolepis fasciata LC 6
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Sub-basin Code
Red List|Presence in

Species Binomi Code | sub-basins [99]|98|97|96|95/94|93|92(69|68|91|80|67|66|65|64| 61 |63|62|29|28|27|26|24(50|25(40| 22 23| 21| 30 | 19 | 18 |17 (16 |15 |14 |12 |13 |11
Probarbus lab: j EN 11 1 1 1/1 1 1/1]1 1/1]1
Pseudobagarius inermis DD 31 1{1]1)1f1f1f1]1 1(1 1 1f{1(1)1f1f1f2 1|1 f1|1]1 1 1 1(1]1 1]1]1
Pseudolais micronemus DD 6 1 1 1 1(1]1
P: IS Si i LC 40 1)1j1j1f1)ajaf1fajajaf1jafaf1|2j21fafaf1j1ja1f1)2f1f1f1|1 f1/1]|1 1 1 )11 |1]1]1]1]1
Puntioplites falcifer LC 3 1(1]1
Puntioplites waandersi LC 3 1]1]1
Puntius_brevis LCc 6 1 1 1 101(1
Raiamas guttatus LC 40 1)1 j1f1jafaf1fajajaf2jafaf1f2j2jafaf1j1jaf1j2]j1f1f1]1 f1/1]|1 1 1 )11 |1]1]1]1]1
Rasbora amplistriga LC 6 1 11111
Rasbora aurotaenia LC 3 1111
Rasbora borapetensis LC 3 1(1]1
Rasbora daniconius LC 40 1011 f1f1)1faf1|2j1f1f1)2faf1 |22 faf1f1j1j1f1|1]1f1f1] 1 f1/1]|1 1 1 )11 |1]1]1]1]1
Rasbora spilocerca LC 3 1|11
Rashora tornieri LC 30 1)1 1(1)1]1f1)1 |1 1(1f21 )11 1211|121 |1)]1] 1 1 1 )11 |1]1|1]1]1
Rasbora trilineata LC 3 1(1)1
Rhinogobius taenigena LC 4 1 1 1)1

h 10! i vu 17 1(1f1)1]1 1 1011 1)]1]1]1/1]1f1]1
Scaphognathops stejnegeri LC 3 1
Schistura_bairdi EN 3 1]1)1
Schistura_bolavenensis EN 10 1]1f1f1|1]1]1(1 1)1
Schistura_carbonaria LC 9 1]1f1f1)1]1f1(1 1
Schistura clatrata LC 17 1]1f1f1|1]2f2f1f1]21]|1 1(1f11]1 |1
Schistura_dorsizona LC 1 1
Schistura fusinotata Lc 1 1[1 1(1f1)1]|1]1 1 1)1
Schistura_imitator LC 18 1)1(1f(1f1)2f{1f1 |12 f1|1]2|1f1|1]1 1
Schistura_isostigma LC 26 1)1]1f1f1)21f1f1|1]1|1 111111 1)1 1 1)]1]1 1/1]1
Schistura kengtungensis LC 3 1(1]1
Schistura_khamtanhi DD 27 1)1]1f1f1)21f1f1|1]1|1 111111 1 1)1 1 1/1]1 1/1]1
Schistura_kontumensis VU 3 1 1 1
Schistura magnifluvis LC 6 1 1 1 1/1]1
Schistura_nicholsi LC 39 1)1(1f(1f1)2f1f21 |21 f1|1]21|1f1|1]1 1 1)21(1f1)1)1{1f1] 1 f1[1]1 1 1 )11 ]1]1]1]1]1
Schistura_nomi LC 19 1)1(1f1f1)21f1f1|21j1f1|1)21|1f1|1]1(1 1
Schistura_rikiki DD 2 1 1
Schistura_tizardi DD 2 1 1
Scomberomorus _sinensis DD 3 1]1]1
Serpenticobitis octozona DD 12 1({1]1)21|1]1({1|1 1 1 1 1
Sewellia_diardi DD 10 1 1(1f1)1(1 1 1]1]1
Sewellia elongata NT 11 1 1 101111 1 1 (11
Sewellia_speciosa LC 29 1(1f21)1(1j1 /2121|211 /21 )2)1f{21|1 2)21]|1f1)21[1]1/1]1|1 1/1
Sikukia gudgeri DD 21 1)1(1f1|1])1f11 1 1 1 1)1 1 11|11 ]1]1]1
Sikukia stejnegeri LC 3 1/1]1
Sundasalanx _mekongensis LC 20 1 1(1 1 1(1 1 1)1 1]1 1 1 )11 |1][1|1]1]1
Sundasalanx praecox LC 6 1/1(1 1|11
Syncrossus_helodes LC 22 1 1{1f1)2f{2f1 21|21 |1]1]1 1 1 )11 |1f(1]1f1]1
Tetraodon abei LC 31 1)1 111 )1 /11 1(1 1 1)1 |1 f1f1)21|1f1]1 1|1 1 1 1 1)]1(1 1111
Thryssocypris tonl i LC 6 1 1 1 111
Thynnichthys thynnoides LC 10 1 1 1 1111 |1|1]1
Tor laterivittatus DD 17 1)]1]1f1f1)21{1f1|1]|1|1 1(1)1)1f(1]1
Tor tambra DD 40 1)1(1f(1f1)2{1f21 /21211 f21)2{21f21 |22 |21[21f21]2 )21 f21)2{1f21/1] 1 [1/1] 1 il 1 )1]1]1]1]1]1]1
Tor tambroides DD 40 1)1(1f1f1)2f1f1|21j21f1f21)2|2f1 2|21 |2f21f1]21 (21 21 |21]21f1f1] 1 f1[1]| 1 1 1 1 /1|1 ]1[1]1]1
Toxotes microlepis LC 22 1 1{1f(2)1f1f1f2 1|1 f1]1]1 1 1 1)1 f(1f(1f{1]1]1
Trichopodus microlepis LC 3 1/1]1
Trichopodus pectoralis LC 3 1]1]1
Trichopodus trichopterus LC 3 1/1[1
Trichopsis pumila LC 3 1]1]1
Trichopsis schalleri LC 3 1/1(1
Trichopsis vittata LC 3 111
Wallago attu NT 40 1)1j1f1f1 )1 {1 f1 |21 f1f21)21|{21f1|2]|2|1f{21f1]21(1f21)2]1f1f1] 1 1/[1| 1 1 1|11 |1]1]1]1]1
Wallago micropogon DD 40 1(1 (1)1 j1j1j2jaf1f2jaj1j1j2jaf1f1 2 jaf1f1)2f1j1 /21|11 1|11 1 1|11 |11 |1]1]1
Xenentodon canciloides LC 14 1 1 1(1 1)1 |1 f1]1]1]1f1]1]1
Yasuhikotakia eos LC 16 1 1(1 1 1[1 1 11 1 1 1]1 111
Yasuhikotakia longidorsalis DD 8 1 1(1 1 1)1 1 1
Yasuhikotakia nigrolineata VU 20 11111111 1(1 1 1|1f1f1f1]1(1 11
Total 74|74(73(73|81(73|81|81)|43(44(73|82|44(43|43|43(104|43(37)|89|91(82|83|91|95/83|71| 109 [84|153| 113 | 119 | 107 [139|138/143| 96 |221|220|220
Total CR ojojofojo|O0fO0fO|O|OfOf1]|0fOfO|O|1|OfO|2|21|1f21)21f21f1|1]| 2 1|2 1 1 2 |2(2|2]|2|2]|2]|2
Total EN 5/5[/5|5|5[/5|5|5|0f[0|5|5/0/0|0|0f1/0|/0|4[4|/4]|4|4]1|4]|0]| 2 4|7 |1 1 2 13[(3|3[2|4/4)4
Total VU 3(3(3|3(3|3|3|3|0f1|3|6|1/0|0|0Of6/0|1|8(/8|/8|8|8/6|/8|3| 7 |[8|10| 8 8 7[9|9[9|8[10]|10]10
Total NT 6(/6/6)/6/6/6/6|/6|(4(4|/6(5/4/4|/4|4(8 (4|4|5(5|5|5|5[7|5|5|[ 5 |5]|10] 7 7 4 | 8|/8[8)|4[10|10]10
Total LC 45|45(44(44|51|44/51|51|31(31|44|54(31(31/31|31| 69 [31/25|58|60(52|53|60|64|53|53| 78 |54|103| 82 | 86 | 77 [100| 99 (104| 68 |170|169|169
Total DD 15[15|15({15(16|15|16({16| 8 | 8 [1511|8 |8 (8 |8 |19 |8 |7 [13|13]|12|12|13|16(12|9| 15 |12 21| 14 | 16 | 15 |17 |17 |17 |12 |25 |25 |25
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Annex 2: Listing of Key Biodiversity Areas (KBAs) in the Sekong Basin

Significant populations of species

Significant Significant populations |Significant congregations of |known only to be found in a ‘3\‘8’ A @'b\e &0‘7
populations of of endemic species one or more bird species at  [particular biome and/or significant 6&‘" 4{5@} & KQ"e' 6¢b§ &'b& e’\‘o
globally threatened |known only to be found |certain times in their lifecycle |regional/sub-regional populations of Q\\‘ & L @)‘ ’ 8’0 &‘?' &e & &3“’ &

Name of KBA Area (ha) Country species in a limited area or seasonal migration trigger species V& \5‘§ N RIS NI ESYL

Western Siem Pang 138,137 |Cambodia 1 1 1 1 1 1

Virachey 432,415 |Cambodia 1 1 1 1 1 1 1

Sekong River 14,116 |Cambodia 1 1 1 1 1 1

Nam Ghong 160,000 |Laos 1 1 1

Xe Pian 243,100 |Laos 1 1 1 1 1 1 1

Nong Khe Wetlands 3,900 |Laos 1 1

Xe Khampho / Xe Pian 197,280 |Laos 1 1 1 1 1 1 1

Xe Khampho 120,000 (Laos 1 1

Attapu Plain 71,400 |Laos 1 1 1 1 1

Dong Ampham 180,220 |Laos 1 1 1 1 1 1

Phou Kathong 94,000 |Laos 1 1

Bolaven North-east 73,000 |Laos 1 1

Upper Xe Kaman 34,780 |Laos 1 1 1 1 1

Dakchung Plateau 5,140 [Laos 1 1 1 1 1

Phou Ahyon 148,900 |Laos 1 1 1 1

Xe Sap 137,120 (Laos 1 1 1 1 1 1

A Luoi - Nam Dong 112,200 |Vietnam 1 1 1

Northern Hien 24,700 |Vietnam 1 1

Lo Xo Pass 15,000 |Vietnam 1 1 1 1 1

Song Thanh 95,000 |Vietnam 1 1 1 1 1
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Appendix 7.2:

Descriptions of Dam Sites in Tier 5
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Annex 7.2: Tier Five: Small-scale Hydropower Sites for Local Consumption

As noted in Section 7, the Sustainable Site Suitability Survey, projects below 25MW are regarded
as too small to be practical for power exports, therefore we assign them a separate tier for
development. These would replace output from the mainstream dams that is intended for sale to
EDL for local consumption. These aggregate to 67 MW and a total of 295 GWh/y new power
(Table 7-3 in Section 7), which would be sufficient for likely growth in demand in the local grid
that serves Sekong and Attapeu Provinces for well into the future. However, because they are
small, they may also have a relatively high impact on migratory fish per unit of power produced.
Therefore, these should only be invited by the Government of Lao as necessary for local
development requirements.

Project Descriptions and Estimated Power Output

Houay Pache

Houay Pache is estimated to have a mean annual energy output of 49 GWh (11 MW of capacity)
with the design head of 172 m and the design discharge of 16 m3/s. Table 7.2-1 lists the salient
features of this site, while the layout and profile of the project are shown in Figure 7.2-1 and 7.2-
2, respectively.

Table 7.2-1. Salient Features of Houay Pache Site.

Item Houay Pache

Location (Province) Sekong

Location (Lat. /Long.) 15956.70'N
106952.51’E

River Xe Kong

Installed Capacity (MW) 11

Annual energy (GWh) 49

Catchment Area (km?) 186

Average annual flow (m®/s) 9

Rated head (m) 172

Design discharge (m?/s) 16

Full supply level (m) 450

Headrace tunnel (km) 4.3

Penstock (km) 1

Dam height (m) 65
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Houay Pache

Figure 7.2-1. Layout of Houay Pache Hydropower Project.

Figure 7.2-2. Profile of Houay Pache Hydropower Project.
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Phak Houay

The main features of Phak Houay are presented in Table 7.2-2. The mean annual energy output
of the projectis 57 GWh (13 MW of capacity) with the design discharge of 14 m3/s and 240 m the
head. The 90 m head out of 240 m design head is gained from the dam. The profile and location
of Phak Houay are shown in Figure 7.2-3 and 7.2-4, respectively.

Table 7.2-2. Salient Features of Phak Houay.

Item Phak Houay

Location (Province) Sekong

Location (Lat. /Long.) 15954.11'N
106955.94’E

River Xe Kong

Installed Capacity (MW) 13

Annual energy (GWh) 57

Rated head (m) 240

Design discharge (m?/s) 14

Full supply level (m) 420

Catchment Area (km?) 141

Average annual flow (m®/s) 6

Headrace tunnel (km) 3.4

Penstock (km) 2.3

Dam height (m) 90

Figure 7.2-3. Profile of Phak Houay Hydropower Project.
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”

a0t Phak Houay

power house

penstock Headrace

surge Shaft

CThalw

Figure 7.2-4. Layout of Phak Houay.

Nam Pouang Hydropower Site

Nam Pouang Hydropower Site is designed for 69 GWh of mean annual energy output (16 MW of
capacity) with design flow of 19 m3/s and design head of 145 m. The salient features of the project
are provided Table 7.2-3. The general layout of Nam Pouang Hydropower Site is shown in Figure
7.2-5 and the approximate profile in Figure 7.2-6.

Table 7.2-3. Salient Features of Nam Pouang Hydropower Site.

ltem Nam Pouang

Location (Province) Attepeu

Location (Lat. /Long.) 15241.50'N
107218.84’E

River Xe Xou

Installed capacity (MW) 16

Annual energy (GWh) 69

Rated head (m) 145

Design discharge (m?/s) 19

Full supply level (m) 330

Catchment Area (km?) 298

Average annual flow (m®/s) 11

Headrace tunnel (km) 15

Penstock (km) 4

Dam height (m) 20
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Tailrace :
power house b P A

penstock ~ Headrace

Figure 7.2-5. Layout of Nam Pouang Hydropower Site.

Figure 7.2-6. Profile of Nam Pouang Hydropower Project.
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NHI Site C

NHI Site_C would have a mean annual energy output of 43 GWh (10 MW of capacity) with the
design head of 134 m and the design flow of 15 m3/s. The salient features of this project are
presented in Table 7.2-4. Figure 7.2-7 shows the layout and Figure 7.2-8 shows the profile of
NHI Site_C project. The dam height is 70 m, which can be can possibly reduced by changing the
location of the dam (moving upstream) to achieve the same design head. For that, better
topographic information and site inspection is needed.

Table 7.2-4. Salient Features of NHI Site_C Hydropower Project.

Item NHI Site_C

Location (Province) Sekong

Location (Lat. /Long.) 15258.64'N
106242.60’E

River Xe Kong

Installed capacity (MW) 10

Annual energy 43

Rated head (m) 134

Design discharge (m’/s) 15

Full supply level (m) 350

Catchment Area (km?) 186

Average annual flow (m>/s) | 7.7

Headrace tunnel (km) 4.0

Penstock (km) 1.2

Dam height (m) 70
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N NHI Site_C «\‘j TCnakeuy Nua

)

\‘\

Headrace Tunnel N Ye Kong River

Penstock Power house

Surge Shaft
Tailrace

Figure 7.2-7. Layout of NHI Site_C Hydropower Project.

Figure 7.2-8. Profile of NHI Site_C Hydropower Project.
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NHI Site D

NHI Site_D is designed for 42 GWh mean annual energy output (9 MW of capacity) with the design
head of 190 m and the design discharge of 9 m3/s. Table 7.2-5 presents the salient features of
this site. Figure 7.2-9 and Figure 7.2-10 show the layout and profile of this site, respectively.

Table 7.2- 5. Salient Features of NHI Site D Hydropower Project.

Item NHI Site_D

Location (Province) Sekong

Location (Lat. /Long.) 15930.80°N
106250.84'E

River Xe Kong

Installed capacity (MW) 9

Annual energy (GWh) 42

Rated head (m) 190

Design discharge (m?/s) 9

Full supply level (m) 350

Catchment Area (km?) 110.6

Average annual flow (m®/s) 4.7

Headrace tunnel (km) 6.7

Penstock (km) 3.0

Dam height (m) 50

Xe Kong River
——
f ‘Pakkayong

Tailrace poweghouse

Headrace
penstock

surge Shaft

Google earth

Figure 7.2-9. Layout of NHI Site_D Hydropower Project.
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Figure 7.2-10. Profile of NHI Site_D Hydropower Project.

Houay Chalelu Site

The Houay Chalelu 1 site is placed on a small tributary to the Xe Kaman between the Xe Kaman
#3 reservoir and the Xe Kaman #3 powerhouse. The mean annual energy output is 25 GWh (6
MW of capacity) (see Tables 7-1 and 7-3 in Section 7).

Nam Pa Site

The Nam Pa site is placed on a small tributary to the Xe Kaman with confluence to the Xe Kaman
below the Xe Kaman #3 hydropower plant. The mean annual energy outputis 10 GWh (2 MW of
capacity) (see Tables 7-1 and 7-3 in Section 7).
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Annex 9.1:

Illustrative Study of Design Improvements and Operation Policies
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Annex 9.1: Illustrative Study of Design Improvements and Operation Policies

Introduction

This Section presents the results of a study of illustrative design improvements and operational
policies for four of the hydropower dams proposed for the mainstream Xe Kong River to
maximize sediment discharge. The selected dams are highlighted in Figure 9.1-1:

1. Xe Kong5

2. Xe Kong4B
3. Xe Kong 3B
4. Xe Kong 3A

The same considerations could also be applied the other three proposed dams. Sections 2 and 5
of this Master Plan have shown that sediment passage through these dams is very important for
the continued health and biological productivity of the Xe Kong River within Lao PDR, within
Cambodia, and for the downstream Mekong River, Mekong Delta, and Tonle Sap. The purpose of
this work is not to suggest that these dams be built—indeed, Section 5 of this Master Plan shows
that the impacts they would impose on the migratory fishery calls into question their
sustainability—but to demonstrate that if they were to be built, there are design and operational
strategies that would vastly improve their ability to pass sediment through them. The other
purpose is to show that the more sustainable dams at the alternative sites identified in this Master
Plan could also be designed and operated to pass sediments.

This Section identifies reservoir sedimentation management methods that can be used to
increase the amount of sediment passed to the river reach downstream of these proposed dams.
Seven alternative designs were also considered, in addition to the proposed dams identified
above. The assessment included analyzing sediment removal from four alternative designs that
may be used instead of the currently proposed Xe Kong 5 Dam. Three alternative designs for the
currently proposed Xe Kong 4 Dam were also considered.

The study results indicate that it is possible to increase significantly the amount of sediment that
may be passed downstream of the cascade of dams when implementing reservoir sedimentation
management technology. Concurrentimplementation of drawdown flushing along the cascade of
dams is likely to increase the availability of sediment in the downstream river reaches from 20%
(without sediment management) to at least 72% of current conditions with the alternative
designs the currently proposed Xe Kong 5 and Xe Kong 4 Dams. The Xe Kong 3B and Xe Kong 3A
Dams, correctly designed and operated, would perform satisfactorily to pass sediment (but not
migratory fish). The study has been executed at pre-feasibility level, i.e., at the conceptual stage
of design.
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Figure 9.1-1. Location map of hydropower projects on the Xe Kong River, Lao PDR.
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Approach

The study evaluated the potential to pass sediment through the four proposed dams and their
reservoirs by making use of established reservoir sedimentation management techniques. This
was done by first considering the potential to pass sediment through the currently proposed
dams. If it was found that the sediment passage ability of the currently proposed dams can be
improved, alternative designs were conceived and analyzed. The designs with the greatest
potential to pass sediment to the downstream river were identified.

Data

Flow and sediment data and the information on reservoir type and size were obtained from
various sources (such as ICEM, 2010; Meynell, 2014 and the Hydropower Database
http://www.3sbasin.org/iucn/). Google Earth also provided additional, approximate

topographic information.

Sediment management alternatives

At least eleven different techniques exist to manage sediment in reservoirs (see, e.g., Annandale,
2011). Not all of these techniques are viable for increasing sediment passage through the dams
along the Xe Kong River. After consideration of the problem, it was decided that the reservoir
sedimentation management techniques with the greatest potential for passing sediment through
the four dams along the Xe Kong River are drawdown flushing, sluicing, and density current
venting.

Drawdown flushing - description

The objective of drawdown flushing is to erode and remove previously deposited

sediment from a reservoir and discharge it downstream. This is accomplished by first emptying
the reservoir and allowing the river flowing through the reservoir to erode and transport the
previously deposited sediment. During drawdown, flushing a reservoir is brought to the original
river-like condition by releasing reservoir flows through bottom outlets. This is usually executed
during a low-flow period, preferably just prior to the monsoon. By implementing drawdown

flushing just prior to the monsoon allows the reservoir to be refilled with water once drawdown
flushing is complete.

It is important for flushing flows to freely discharge through the low-level outlets without
damming; therefore the need to implement drawdown flushing during low-flow periods.
Sediment is eroded by water flowing in single or multiple channels through the sediment that
previously deposited in the reservoir. The success of sediment removal by flushing depends on
the reservoir size, geometry (such as width of the reservoir, the valley side slopes and
longitudinal river-slope), location of the low-level outlets, the type of sediment deposited in the
reservoir, and the magnitude of the flushing flows.

A distinguishing feature of drawdown flushing is that it requires emptying a reservoir and
allowing the formation of river-like flow conditions over the previously deposited sediment. This
requires the use of low-level gates to discharge freely the eroded sediment downstream. The
creation of river-like conditions requires that drawdown flushing be implemented during low-
flow periods, i.e., during the non-monsoon season. Once drawdown flushing is complete, the
outlets are closed and the reservoir filled with water for continued power generation.
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Assessment criteria

White (2001) provided criteria to assess the potential for successful drawdown flushing.
In general, drawdown flushing is successful in narrow, steep reservoirs where the sediment
transport capacity of the water used to execute drawdown flushing is large enough to remove the
amount of sediment that has deposited within a reservoir between flushing events. In order to
implement drawdown flushing it is obviously also necessary to have available low-level outlets
that are large enough to drain the reservoir and to freely discharge re-entrained sediment
downstream.

To assist dam designers in decision-making, White (2001) devised six parameters that may be
used to determine the potential success of drawdown flushing. The proposed parameters were
validated by using data from 14 dams where drawdown flushing has been implemented in the
past. Drawdown flushing was deemed successful at six of those dams and unsuccessful at the
remaining eight. This recorded experience provides a good basis for predicting potential
drawdown flushing success at other projects. The six criteria are conceptually presented in what
follows. More detail may be found in White (2001).

Sediment balance ratios (SBR and SBR,)

The sediment balance ratio (SBR) quantifies the ability to re-entrain and transport
previously deposited sediment during drawdown flushing. The SBR is the ratio between the
amount of sediment that may be removed by the water flowing through the reservoir during
drawdown flushing and the amount of sediment that has deposited in the reservoir between
drawdown flushing events. Conceptually, the SBR is defined as follows:

Sediment volume that may be removed during flushing

SBR =
Sediment volume deposited between flushing events

Due to the fact that the sediment transport capacity of the water used during drawdown flushing
is determined by the amount by which the water surface in the reservoir is drawn down, White
(2001) also proposed to use an additional criterion, which is the SBR if the reservoir is drawn
down to the maximum extent possible. He named that parameter SBRa.

The SBR represents the sediment balance ratio if the water level at the dam is drawn down to the
elevation of the low-level outlet. Such an outlet may not be located right at the bottom of the dam,
due to design constraints. The SBRq parameter provides an indication of the potential to
successfully flush the sediment from the reservoir should one be able to draw down the water
surface to the lowest level possible, i.e., to the level of the riverbed at the dam. For flushing to be
successful both SBR and SBRq must be greater than one, i.e., the potential to flush sediment out of
the reservoir must be greater than the amount of sediment that deposited in it during the period
between flushing events. SBRgq will always be greater than SBR, making it, in essence, a
superfluous parameter.

Drawdown ratio (DDR)

Another parameter devised by White (2001) is known as the drawdown ratio (DDR). This
parameter quantifies how far the water surface elevation can be drawn down using a low-level
outlet (LLO). The parameter is defined as:
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Hy

max

DDR =1 -

The meaning of the variables H; and H,,,, are shown in Figure 9.1-2.

By making use of the fourteen projects where drawdown flushing has been implemented, White
(2001) found that if DDR > 0.7, then flushing may be successfully implemented (see further on).

LLO

/o
g

Figure 9.1-2. Variables defining the DDR.

Flushing width ratio (FWR) and top width ratio (TWR)

The two ratios known as the flushing width ratio (FWR) and the top width ratio (TWR)
provide some idea of the ability to remove substantial amounts of deposited sediment from a
reservoir by means of drawdown flushing. Figure 9.1-3 represents an average cross section of a
reservoir valley. Suppose that sediment has filled the entire valley and that an attempt to remove
sediment through drawdown flushing is made. When using drawdown flushing a channel is
eroded into the deposited sediment. The dimensions of that channel are defined by Wrand Wy,
i.e., the bottom width and the top width of the channel that is eroded into the deposited sediment
during the flushing event. The dimensions of the original reservoir valley are defined by W, and
Wiop, 1.€., the bottom and top widths of the reservoir valley.

Whot > Deposited sediment

Figure 9.1-3. Cross section of reservoir valley and variables used to quantify FWR and TWR.

The FWR is defined as:

Wy
FWR =
Wbot
And the TWR is defined as:
W,
TWR = L2
Wtop
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From Figure 9.1-3 it can be seen that if drawdown flushing results in both the top and bottom
widths of the eroded channel exceeding the top and bottom widths of the reservoir valley, then
all the sediment would have been removed. Therefore, in the ideal case drawdown flushing
would be successful if both the FWR and TWR parameters are greater than one. In cases where
they are slightly less than one, it may mean that only part of the sediment may be removed. It
means that some but not all of the reservoir storage space may be preserved in the long term.

Long-term capacity ratio (LTCR)

From a practical point of view, it may not be possible to remove all deposited sediment
from reservoirs by making use of drawdown flushing, as indicated in the previous section.
Therefore, what one wishes to know is how much of the original reservoir volume can be
preserved in the long term if drawdown flushing is regularly implemented. The long-term
capacity ratio (LTCR) provides a measure of how much of the reservoir volume might be
preserved in the long term when regularly implementing drawdown flushing. Itis defined as the
ratio between the cross-sectional area of the channel eroded into the deposited sediment (the
area B in Figure 9.1-3) and the total cross sectional area of the reservoir valley prior to
sedimentation (the sum of area A and area B in Figure 9.1-3), that is:

Area B
Area A + Area B

LTCR =

Validation of criteria

The criteria defined in the previous sections are used in the RESCON model (Palmieri et
al. 2003) to assess the potential success to use drawdown flushing to remove deposited sediment
from reservoirs. That model, i.e.,, the RESCON model, has been used to assess the dams and
reservoirs investigated in this study. The criteria used in the RESCON model are shown in Table
9.1-1.

Table 9.1-1. Drawdown flushing criteria used in the RESCON Model.

Parameter Name Criterion
SBR >1

LTCR >0.35
DDR >0.7
FWR >1

TWR ~1

SBRy >1

The viability of these criteria to predict the potential success of implementing drawdown flushing
to remove adequate amounts of deposited sediment from reservoirs were reviewed by White
(2001). He used information obtained from fourteen projects to perform the assessment.
Drawdown flushing was deemed successful at six of those projects, and unsuccessful at the other
eight.

Figure 9.1-4 and Figure 9.1-5 compare the calculated values of SBR, FWR, LTCR and TWR to the
criteria set in Table 9.1-1. The comparison of the DDR values is shown in Figure 9.1-6. It is
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observed that the criteria are substantially satisfied. These criteria were therefore used to assess

the potential for drawdown flushing at the four dams and reservoirs reviewed during this study.
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Figure 9.1-4. Comparison of flushing criteria parameter values at reservoirs that have been successfully flushed (White,

2001).
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Figure 9.1-5. Comparison of flushing criteria parameter Values at Reservoirs that have not been Successfully Flushed

(White,

2001).
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Successful Flushing Unsuccessful Flushing

1 .
09 - 09 1
0.8 - 0.8 4
07 e e e e e e e e e e e e — o m 07 = = == == — =
e 06 e 967
g 05 8 05 1
0.4 - 0.4 4
0.3 4 0.3 4
0.2 4 0.2 -
0.1 0.1 4
0 T T T r : 0
(\e‘\‘% ‘((\“Q’o ‘;\c\e«\ (o‘i)‘\é & g}\?"\ o‘i'@ ofo@ 5\"’{\ QQ\;Q o"é SN S $ &f
Q% o> ©® @ we® Qé‘o' N A 3 2 & ,2‘}\6 &
20 o ) X G © B 0\)&(\

Figure 9.1-6. Comparison DDR Parameter Values and Criteria for Reservoirs that are Known to have and have not been
Successfully Flushed (White, 2001).

Sluicing - description

Sluicing is a sediment management technique implemented during floods, i.e., during the

monsoon. The objective of sluicing is to minimize the amount of sediment that will deposit in a
reservoir. This is done by creating flow conditions in a reservoir that are characterized by high

sediment carrying capacity. In the ideal case, which is seldom accomplished, the sediment
transport capacity in the reservoir will be equal to the sediment transport capacity of the river
carrying sediment into the reservoir. Should it be possible to accomplish this goal the amount of
sediment carried into a reservoir from upstream (S;) will equal the amount of sediment
discharged downstream (S), with no net amount of sediment depositing in the reservoir (Figure
9.1-7).

The sediment transport capacity in the reservoir is maintained at a high level by drawing down
the water surface elevation at the dam as much as possible while floodwaters flow through the

reservoir. By doing so, the energy slope of the water flowing through the reservoir is increased,
thereby maximizing the sediment transport capacity of those flows. The water surface elevation
at the dam is drawn down by using low- and / or mid-level gates at the dam. It is obviously not
possible to draw down the flows in a reservoir to the same extent required by drawdown flushing.
The reason for this is that sluicing is implemented during high flows (the monsoon) during which
time the rate of flow into the reservoir is normally larger than the free-flow discharge capability
of low-level outlets.

Sluicing is best implemented in narrow reservoirs, located in relatively steep rivers where
monsoon flow volumes are large relative to the reservoir volume. Successful flushing also
requires provision of enough large mid- and low-level outlets in the dam that will allow the water
surface elevation at the dam to be drawn down significantly during flood flows characteristic of
the monsoon. Dams that are designed with the ability to significantly draw down the water
surface elevation at the dam during the monsoon have a much greater potential to successfully
transport large amounts of sediment through the reservoir without deposition; thus fulfilling the
purpose of sluicing.
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Figure 9.1-7. Concept of Sediment Pass-through by Making Use of Sluicing.

Assessment criteria

The engineering profession has not developed simple criteria for assessing the potential
success of sluicing at pre-feasibility level investigations. The potential for implementing sluicing
has therefore not been assessed during this study. It is left for more detailed assessment during
the feasibility and design phases of the projects.

Density current venting - description

When water with very high sediment concentrations flow into a reservoir it is possible
that the density of the sediment-laden water is higher than the water contained in the reservoir.
Depending on local conditions very little mixing might occur between the density current and the
reservoir water. This means that a dense, sediment-laden current flows along the bottom of the
reservoir towards the dam.

Deposition of this sediment can be prevented by releasing the density current downstream of the
dam. This is accomplished by installing low-level gates at the dam. When these gates are opened
as the density current approaches the dam, the high sediment concentration water may be
released downstream of the dam. This means that the heavy sediment loads contained in the
density current is discharged downstream of the reservoir, without depositing in the reservoir.
The process is known as density current venting (Figure 9.1-8).

Figure 9.1-8. Concept of Sediment Pass-through by Density Current Venting.
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Assessment criteria

In order to assess the potential for density current formation and to determine the level
of efficiency by which density currents may be used to release sediment through low-level outlets
ata dam require sediment rating curves, sediment particle size distributions and water discharge
data for the river in question. None of this information has been available for assessment during
this pre-feasibility study. The approach that was therefore followed was to conduct a sensitivity
analysis to determine under what conditions density currents might form in the four reservoirs
and how efficient such currents would be at passing sediment through the reservoirs when using
low-level outlets. For this purpose, a method developed by Fan, as described in Morris and Fan
(1998), has been used. Once the required sediment and water discharge data becomes available
in the future, studies that are more detailed can be performed to assess the effectiveness of
density current venting. The results of such studies will be used to determine whether the
assessments made during this project are viable.

Essential design elements

Implementation of drawdown flushing, sluicing, and density current venting requires
incorporation of low- and mid-level outlets in dams. Without the availability of such outlets, it is
not possible to implement any of the three reservoir sedimentation management techniques
considered in this study. It may also be necessary to install a lining in the low-level outlets to
resist the effects of abrasion.

Outlets

Dam design elements required to facilitate successful implementation of drawdown
flushing, sluicing, and density current venting include low- and mid-level outlets (Figure 9.1-9).
The outlets are used differently in each case.

Spillway
Hmax
Mid-Level Outlet
Drawdown & Rinsing x-H
Low-Level Outlet \
Flushing = 1 <03 Ho

Figure 9.1-9. Essential Dam Design Elements Required to Facilitate Drawdown Flushing, Sluicing, and Density
Current Venting.

Drawdown flushing

To implement drawdown flushing, executed during the non-monsoon season, it is
necessary to first empty the reservoir. This is accomplished by opening both the mid- and low-
level outlets. Using both outlets allows rapid emptying of the reservoir. Once the reservoir is
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empty, the low-level outlets are used to discharge the water containing re-entrained sediment to
the downstream river. After drawdown flushing has been completed, the low-level outlets are
closed to refill the reservoir. When the water level reaches the mid-level outlets, they are opened
to allow discharge of clean water to the downstream river. Release of this clean water is
necessary to rinse the fine sediments that may have deposited along the riverbanks and on the
riverbed of the downstream river reach. Rinsing the fine sediment with clean water enhances
environmental conditions and appearance. After rinsing is complete, the mid-level outlets are
also closed to continue filling the reservoir.

Sluicing

Sluicing is executed during flood (monsoon) conditions, which means that it will not be
possible to empty the reservoir. The objective during sluicing, i.e., to maximize the sediment
transport capacity of the water flowing through the reservoir, is accomplished by opening both
mid- and low-level outlets. By modulating the openings of the low- and mid-level gates it is also
possible to regulate the sediment concentration in the water released downstream of the dam.
Once sluicing is complete, the low-level outlets are closed and the mid-level outlets may be used
to rinse fine sediments that may have deposited along the downstream river reach, if necessary.
Upon completion of the rinsing process, the mid-level outlets are also closed and the reservoir
refilled with water.

Density current venting

Density currents are released through the low-level outlets. This means that these outlets
are opened to facilitate venting once the density current reaches the dam face. The mid-level
outlets may be used to control the sediment concentration of the sediment-laden water released
through the low-level outlet. This is done by releasing clean water from the mid-level outlets by
opening them to the desired degree. When density current venting is complete, the low-level
outlets are closed. At this time, the mid-level outlets may be opened to release clean water to
rinse the downstream river from fine sediments, if necessary. Once completed, all outlets are
closed to maintain a full reservoir.

Lining
It may be necessary to line the low-level outlets to prevent damage by abrasion. This may

be accomplished by using high-strength concrete, steel or other abrasion resistant materials like
basalt tiles.

Sediment management in dam cascades

When passing sediment through cascades of dams, as in the case under consideration along the
Xe Kong River, it is usually preferred to concurrently release sediments from all dams in the
cascade. This may be performed by first opening outlets at the upstream dams, followed by
sequential opening of outlets at the downstream dams. Detailed specification of how this should
be accomplished is project specific. The procedure is determined by more detailed study and
refined through experience gained during implementation.
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Hydropower Projects Considered

Four hydropower projects were studied along the main stream of Xe Kong River in Lao PDR. The
salient features of these four projects are given in Table 9.1-2.

Table 9.1-2. Salient Features of the proposed Xe Kong Hydropower Projects.

Item Xe Kong 5 Xe Kong 4 Xe Kong 3B Xe Kong 3A

Status F.S. completed |F.S.approved |F.S.completed |F.S.completed

Location Lat. 15°58.5’/ |Lat. 15°30.8’/ |Lat.15°22.6’/ |Lat.14°34.2’/
Long 106°55.8’ |Long 106°47.3’ |Long 106°46.8’" |Long 106°54.9’

River Xe Kong Xe Kong Xe Kong Xe Kong

Installed capacity (MW) 330 300 146 140

Rated head (m) 188 140 34 17

Design discharge (m?/s) 146 240 460 568

Full supply level (m) 500 290 160 117

Catchment area (kmz) 2,615 5,400 5,882 9,700

Mean annual flow (m?/s) 137 205 240 316

Total reservoir volume 1,356 3,100 425 486

(mill m3)

Reservoir length (km) 41 92 15 21

CIR (Capacity Inflow Ratio) [0.31 0.48 0.01 0.02

Trap efficiency (%) 95 99 48 55

Sediment yield (t/km?/yr) 280 280 280 290

Note: F.S. completed/ F.S. approved = Feasibility Study completed or approved

Sediment Management
Proposed facilities — sediment balance

Atthis time, little information is available about sediment management plans at the four proposed
dams and their reservoirs along the Xe Kong River. By assuming that sediment management
would not be implemented at any of these dams, it is estimated that about 80% of the sediment
will be trapped by these reservoirs. This was estimated by using Brune Curve (Brune, 1953)
based on the inflow, reservoir size, and the incoming sediment load. Table 9.1-3 shows the
sediment balance through the cascade of four reservoirs, in the absence of sediment management.
This simple calculation shows the need of sediment management plans for sediment transport
continuity.
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Table 9.1-3. Sediment Balance through Cascade of Dams.

Dam Catchment |Incremental | Sediment | Sediment Cum. Cumulative Trap | Sediment | Sediment Cum. Cum.

Area (kmz) Area (kmz) Yield |Load (t/yr)| Sediment | Sediment [ Efficiency | Trapped Passed [Decrease in|Decrease in

(t'km 2 lyr) Passed, No | Load (t/yr) (%) (thyr) (thyr) Sediment | Sediment

Dam Case | with Dams Load (t/lyr) | Load (%)

(tiyr)

Xe Kong 5 2,615 2,615 280 732,200 732,200 732,200 95| 695,590 36,610] 695,590 95
Xe Kong 4 5,400 2,785 280 816,410] 1,548,610 853,020 99| 844,490 8,530 1,540,080 99
Xe Kong 3B 5,882 482 280 143,124] 1,691,734 151,654 481 72,794 78,860 1,612,874 95
Xe Kong 3A 9,700 3,818 290] 1,181,645 2,873,379| 1,260,505 55| 693,278| 567,227| 2,306,152 80

Annex 9.1—14




Sustainable Hydropower Master Plan for the Xe Kong Basin

Sediment management alternatives

Xe Kong 5
The Xe Kong 5 hydropower project is planned at the top of a cascade of dams in the
mainstream Xe Kong River. This dam and four other alternative designs, which might replace the

proposed design, were considered to optimize the potential to pass sediment through this facility.
Principle features of the five alternative hydropower projects are shown in Table 9.1-4.

Table 9.1-4. Comparison of Characteristics of Xe Kong 5 Dam and its Alternatives.

Xe Kong 5
Current Xe Kong 5 Xe Kong 5 Xe Kong 5 Xe Kong 5
Item Design Alternative 1 |Alternative 2 |Alternative 3 |Alternative 4
Location Lat. 15°58.5" |Lat. 5°52.90° |Lat.15°52.90" |Lat.15°52.90" |Lat.15°58.5’
Long Long Long Long Long
106°55.8’ 106°53.37’ 106°53.37’ 106°53.37’ 106°55.8’
Installed capacity 330 248 198 141 248
(MW)
Rated head (m) 188 188 150 107 188
Design discharge 146 146 146 146 146
(m?/s)
Full supply level (m) |500 431 393 350 468
Reservoir length (km) |41 32 20 18 35
Dam height (m) 188 156 118 75 156
Reservoir volume 1,356 1,356 851 541 1,158
(Mill m®)
CIR (Capacity Inflow [0.31 0.31 0.20 0.13 0.27
Ratio)
Trap efficiency 95% 95% 92% 88% 94%

Xe Kong 5 reservoir

The proposed Xe Kong 5 reservoir has a capacity inflow ratio (CIR) of 0.31, which
corresponds to a sediment trapping efficiency of 95%. The current design does not have a bottom
outlet and the NHI team has no other information about the sediment management plans. Figure
9.1-10 shows the approximate coverage of the proposed Xe Kong 5 reservoir. It is noted the
reservoir is narrow and long (41.3km). The narrow-ness of the reservoir is a positive indicator
of the potential for flushing, but the length and large volume of the reservoir may limit successful
implementation of drawdown flushing.

The RESCON program was used to assess the potential for drawdown flushing, assuming
adequately sized low-level gates were available in the current design. Calculations to determine
the potential to implement density current venting were also performed. The results of these
analyses are presented below.
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Xe Kong!5 Dam
o A

Xe Kong 5 alternative designs

An alternative dam site was identified approximately 11 km downstream of the proposed
Xe Kong 5 dam site. Three different alternatives were studied by varying the dam height at this
location. Figure 9.1-11 shows the schematic layout(s) of the alternative(s). These alternative
options include headrace and tailrace tunnels, and an underground powerhouse. The total length
of underground work is approximately 9 km. The tunnel arrangement provides an additional
head of 32m compared to the head available at the dam. Itis assumed that the geologic conditions
are good enough for underground construction. This assumption requires validation to proceed
further on these alternatives. Alternative-1 maintains the same design head (i.e., 188 m) as in the
original design. Alternative-2 creates a design head of 150m and Alternative-3 creates a design
head of 107m. Other features of these three alternatives are given in Table 9.1-4.

Annex 9.1—16



Sustainable Hydropower Master Plan for the Xe Kong Basin

Figure 9.1-11. Schematic of Xe Kong 5 Alternatives 1 to 3.

The reservoir lengths in all alternatives are shorter and the reservoir volumes of two of the
alternatives are smaller than the proposed design. These geometric features provide somewhat
more favorable conditions for drawdown flushing. It is also noted that the shorter reservoir
lengths and smaller reservoir volumes also require lesser amounts of resettlement and lesser
amounts of environmental impact due to inundation, should these issues be of concern. The
shorter reservoir lengths and changes in inundated area can be observed in Figure 9.1-12 through
Figure 9.1-13, which are on the same scale. An attempt has also been made to maintain the
installed capacity of the alternative designs as close to the original as possible by making use of a
tunnel and a downstream powerhouse to generate power.

The additional head provided by the tunnel arrangement is 32m, which corresponds to
approximately 42 MW of power for the given design discharge. If the powerhouse is built at the
dam of the alternative site (i.e., tunnel arrangement is discarded), then each alternative will
produce 42 MW less power than with the tunnel. In lieu of a tunnel arrangement a powerhouse
could be constructed at the dam; this may be decided based on financial/economic optimization,
which is beyond the scope of this study.

In addition to Alternatives 1-3, another alternative, Alternative 4 of Xe Kong 5, was considered at
the originally proposed Xe Kong 5 dam site. In this alternative (i.e., Figure 9.1-15), the top level
of the dam is reduced to 468 masl (compared to the current design level of 500 masl), but a tunnel
arrangement—including headrace, powerhouse and tailrace facilities - has been added to achieve
the same head as before (i.e,, 188m). Figure 9.1-15 through Figure 9.1-17 illustrate the layout,
tunnel alignment, and reservoir area of this alternative. The additional head provided by the
tunnel arrangement is 32m.
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Figure 9.1-12. Reservoir Inundation Area of Xe Kong 5 Alternative-1.
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Figure 9.1-13. Reservoir Inundation Area of Xe Kong 5 Alternative-2.
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Figure 9.1-14. Reservoir Inundation Area of Xe Kong 5 Alternative-3.

Figure 9.1-15. Schematics of Xe Kong 5 Alternative-4.
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Figure 9.1-16. Tunnel Alignment of Xe Kong 5 Alternative-4.
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Figure 9.1-17. Reservoir Inundation Area of Xe Kong 5 Alternative-4.

All four of these alternatives present better sediment flushing potential through the reservoir
than the current design. The RESCON program was used to assess the potential for drawdown
flushing of each. Calculations to determine the potential to implement density current venting
were also performed. The results of these analyses are presented in the next section.

Xe Kong 5 potential to pass sediment

Drawdown flushing

The graphs on Figure 9.1-18 summarize the drawdown flushing analysis results for the
Xe Kong 5 Dam and its proposed alternatives. On the graph showing the flushing criteria, results
indicating most of the parameters having values greater than one mean that implementation of
drawdown flushing would likely be successful. Similarly, the values of LTCR > 0.35 and DDR >
0.70 indicate that the proposed design as well as the alternatives may all successfully remove
deposited sediment by drawdown flushing. However, it is noted that the criterion indicating DDR
> 0.7 implies that the dam designs will contain adequately sized low-level outlets allowing the
flushing discharge to freely flow through the dam, without damming.

TWR < 1.0 is not a great concern. The LTCR parameter compensates for its effect. If TWR were
greater than one, it would have resulted in a LTCR value approximating 1.0, which means that
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drawdown flushing may remove all deposited sediment. The fact that none of the LTCR values

approaches one indicates that the assessment acknowledges that not all sediment can be

removed by drawdown flushing, which is what could be expected for TWR < 1.0.

Xe Kong 5 Flushing Criteria

42 ) Y
s'v\‘ o N o™ %6“\‘
e
* \@0(\% \{\o(\% $00% \LO(\
e e e &
Xe Kong 5 LTCR
0.70 1.00
0.65 0.95
0.60 0.90
0.55 0.85
0.50 0.80
0.45 0.75
0.40 0.70
0.35 = 0.65
RSP LR
J& & o> o o %
42 YOO ye*

Figure 9.1-18. Comparison of Quantified Values of SBR, FWR, TWR, SBRd, LTCR, and DDR and Criteria for Xe Kong-5 Dam
and Alternative Designs.

Note that the Xe Kong 5 Alternative 3 has the greatest potential to remove deposited sediment by
making use of drawdown flushing. That alternative has the highest LTCR value, meaning that it
has the potential to remove the greatest amount of deposited sediment and retain close to 65%

of the reservoir volume in the long term. From an operational point of view, Alternative 3 is also

favored because its reservoir volume is much smaller than any of the other options. It is

estimated at only 541 million m3, whereas the currently proposed Xe Kong 5 Dam has an

estimated reservoir volume equaling 1,356 million m3. For purposes of drawdown flushing the

smaller reservoir volume will require less time for emptying the reservoir, and therefore less time

lost for generating power.
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Based on the results it is important to note that drawdown flushing requires dam designs
containing low-level and mid-level outlets of adequate size. Correct design of the dam is therefore
very important. The two sets of outlets are required to draw down the reservoir water surface
rapidly when preparing the reservoir for drawdown flushing. Once the reservoir is empty, the
low-level gates discharge flushed sediment downstream. When refilling the reservoir, once
drawdown flushing is complete, clean water released from the mid-level outlets rinses fine
sediment in the downstream river reach. An indication of the required size of the gates may be
found on page 33, which considers requirements for flushing the entire cascade of dams using the
preferred alternatives.

Table 9.1-5. Venting Efficiency (%) for Xe Kong 5 and its Alternatives.

Sediment Concentration (mg/l)
Flow
(m/s) |100 500 1,000 2,000 5,000 10,000
137* 0 12 19 24 28
274 0 17 23 28 32
685 0 23 28 32 37
1,370 |0 21 27 31 36 40

Density current venting

The density current venting analysis results are presented in Table 9.1-5, which contains
estimates of venting efficiency for various possible combinations of flow magnitudes and
sediment concentrations, flowing into the reservoir. This approach was followed because of the
absence of a rating curve providing a relationship between river discharge and sediment
concentration. For example, the table indicates that it would be highly unlikely for a density
current to form if a flood with a magnitude of 685 m3/s discharging into the reservoir would be
associated with a sediment concentration of 500mg/l. This is concluded by observing that the
venting efficiency of such an event is zero, i.e., a density current would not form.

On the other hand, if that same flood (685m3/s) would carry sediment at a concentration of 2,000
mg/] then it is likely that a density current would form. This conclusion is made by observing
from the table that the venting efficiency of such an event would be 28%. What this means is that
about 28% of the sediment flowing into the reservoir would be contained in a density current. By
passing this current through a low-level outlet at the dam, it may be possible to release that
percentage of the incoming sediment downstream of the dam.

The conclusion made from Table 9.1-5 is that density currents might form in the reservoir of the
Xe Kong 5 Dam if the sediment concentrations in the inflowing water are high enough. It also
indicates that the venting efficiency would likely be approximately 30%. This means that if
density currents would form then they would have the ability to discharge about 30% of the
incoming sediment to downstream reaches of the reservoir if vented through a low-level outlet
at the dam.

1
Average annual flow.
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Additional work that should be completed is to collect sediment concentration and water
discharge data, as well as particle size distributions of suspended sediment flowing into the
reservoir during high flow conditions. This information will be useful to provide more confidence
about the possible formation of density currents.

Xe Kong 4

The potential to pass sediment through the Xe Kong 4 Dam and its reservoir was
considered by analyzing the currently proposed design as well as three other alternative designs.

The salient features of these four alternative designs are presented in Table 9.1-6.

Table 9.1-6. Comparison of Characteristics of Xe Kong 4 and its Alternatives.

Long 106°47.3’

Long 106°47.3’

Long 106°47’

Xe Kong-4 Xe Kong-4 Xe Kong-4 Xe Kong-4
Item Current Design | Alternative 1 Alternative 2 | Alternative 3
Location Lat. 15°30.8’ Lat. 15°30.8’ Lat. 15°43’ Lat. 15°39’

Long 106°48’

Installed capacity (MW)

300

173

130

152

Rated head (m) 140 80 60 70
Design discharge (m?/s) 240 240 240 240
Full supply level (m) 290 230 230 230
Dam height (m) 140 80 40 50
Reservoir length (km) 92 71 31 47
Reservoir volume (Mill m3) 3,100 1,771 768 1,167
CIR (Capacity Inflow Ratio) |0.48 0.27 0.12 0.18
Trap efficiency 99% 94% 88% 91%

Xe Kong 4 reservoir

The reservoir volume of the proposed Xe Kong 4 Dam is very large compared to the inflow,
corresponding to a sediment trapping efficiency of 99%. Figure 9.1-19 shows the approximate

reservoir area, indicating substantial inundation.

Xe Kong 4 alternatives — overview

Three alternatives were studied for Xe Kong 4 Dam. The locations of these alternative
designs relative to the location of the currently proposed Xe Kong 4 Dam and relative to the

location of Xe Kong 5 Dam and Xe Kong 5 Alternative-1 Dam are shown in Figure 9.1-20.
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Figure 9.1-19. Reservoir Inundation Area of Xe Kong 4.

Figure 9.1-20. Xe Kong 4 Alternatives.

Xe Kong 4 Alternative-1 is at the same location as the currently proposed Xe Kong 4 Dam, but has
areduced dam height. The reason for reducing the dam height is that it facilitates implementation
of Xe Kong-5 Alternative-1. If the dam height is not lowered, the head at Xe Kong 5 Alternative-1
design will be reduced due to inundation. The backwater of the currently proposed Xe Kong-4
Dam reaches the toe of the currently proposed Xe Kong 5 Dam. With Xe Kong 5 Alternative-1
located downstream of the currently proposed Xe Kong 5 Dam, it is necessary to lower the water
surface elevation at the outlet of its tailrace tunnel. The dam heights of all the Xe Kong 4 Dam
alternatives have been set such that their tail water does not exceed the location of the tailrace
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tunnel exit of Xe Kong 5 Alternative-1 (see Figure 9.1-20). The shorter reservoir lengths and
lower reservoir volumes also make drawdown flushing more feasible. Additional head for power
generation at Xe Kong 4 Alternatives-2 and -3 is created by making use of tunnels, illustrated by
the red dashed lines in Figure 9.1-20.

Xe Kong 4 Alternative 1

The Xe Kong 4 Alternative-1 design incorporates a reduced 80 m high dam at the same
location as the currently proposed Xe Kong 4 Dam. Figure 9.1-21 shows the approximate outline
of its reservoir.

" Xe Kon%t‘l Dam
Xe Kong 5 Dam
£

Cooglc earth

Figure 9.1-21. Reservoir Cover Area of Xe Kong 4 Alternative-1.

Xe Kong 4 Alternative 2

The Xe Kong 4 Alternative-2 design incorporates a reduced dam height of 40m, which is
located approximately 40 km upstream of the currently proposed dam site. This alternative
includes headrace and tailrace tunnels, approximately 7 km in length, and a powerhouse cavern
(Figure 9.1-22). Figure 9.1-23 shows the approximate reservoir area.

Figure 9.1-22. Schematics of Alternative 2 of Xe Kong 4.
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1‘ Xe Kong-4 (Alt-2)
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Figure 9.1-23. Reservoir Inundation Area of Xe Kong 4 Alternative-2. S

Xe Kong 4 Alternative 3

The Xe Kong-4 Alternative-3 design incorporates a reduced dam height of 50 m, which is
located approximately 24 km upstream of the currently proposed Xe Kong-4 Dam site. This
alternative also includes approximately 7 km of tunnel/underground work including headrace
and tailrace tunnels and a powerhouse cavern (Figure 9.1-24). Figure 9.1-25 shows the reservoir
inundation area.

Figure 9.1-24. Schematics of Xe Kong 4 Alternative-3.
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Figure 9.1-25. Reservoir Inundation Area of Xe Kong-4 Alternative-3.

Xe Kong 4 potential to pass sediment

Drawdown flushing

From Figure 9.1-26 it is noted that the flushing criteria are substantially met at all four
designs (except for TWR), which implies that drawdown flushing may be successfully
implemented. From a sediment passage point of view it is likely that Xe Kong 4 Alternative-2 will
be the preferred design because its high LTCR value implies that it will pass the greatest amount
of deposited sediment. From an operational point of view, it is also favored because its reservoir
volume is much smaller than any of the other options. It is estimated at only 768 million m3,
whereas the currently proposed Xe Kong 4 Dam has an estimated reservoir volume equaling
3,100 million m3. For purposes of drawdown flushing the smaller reservoir volume will require
less time for emptying the reservoir, and therefore less time lost for generating power. It is
therefore concluded that it will likely be possible to implement drawdown flushing at the Xe Kong
4 Dam and its alternatives, provided that adequately sized mid- and low-level outlets are installed
to facilitate its implementation.
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Xe Kong 4 Flushing Criteria
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Figure 9.1-26. Comparison of Quantified Values of SBR, FWR, TWR, SBRd, LTCR, and DDR and Criteria for Xe Kong-4 Dam
and Alternative Designs.

Density current venting

The lack of a rating curve providing a relationship between river discharge and sediment
concentration necessitated using the approach implement for the Xe Kong 5 analysis for
determining the potential viability of density current venting. The density current venting
analysis results are presented in Table 9.1-7, which contains estimates of venting efficiency for
various possible combinations of flow magnitudes and sediment concentrations.

The conclusion made from Table 9.1-7 is that density currents might form in the reservoir of the
Xe Kong 4 Dam if the sediment concentrations in the inflowing water are high enough. It also
indicates that the venting efficiency would likely be on the order of about, say, 25%. This means
that if density currents would form then they would have the ability to discharge about 25% of
the incoming sediment to downstream reaches of the reservoir if vented through a low-level
outlet at the dam.

Annex 9.1—28



Sustainable Hydropower Master Plan for the Xe Kong Basin

Additional work that should be completed is to collect sediment concentration and water
discharge data, as well as particle size distributions of suspended sediment flowing into the
reservoir during high flow conditions. This information will be useful to provide more confidence
about the possible formation of density currents.

Table 9.1-7. Venting Efficiency (%) for Xe Kong 4 and its Alternatives.

Sediment Concentration (mg/l)

Flow
(m3/s) 100 500 1,000 2,000 5,000 10,000
205° 0 0 0 9 16 21
410 0 0 0 14 20 24
1,025 0 0 14 20 26 29
2,050 0 0 19 24 29 33

Xe Kong 3B and Xe Kong 3A

Xe Kong 3B

Xe Kong 3B hydropower project is planned to be downstream of proposed Xe Kong 4
hydropower project. The main features of this project are listed in Table 9.1-8. Figure 19.1-27
shows the approximate inundation area reservoir. No alternative designs were found viable to

replace the Xe Kong 3B Dam.

Table 9.1-8. Main Features of Xe Kong-3B Hydropower Project.

Item Xe Kong-3B
Location Lat. 15°22.6’/ Long 106°46.8’
River Xe Kong
Installed capacity (MW) 146

Rated head (m) 34

Design discharge (m?/s) 460

Full supply level (m) 160
Catchment area (km?) 5,882
Mean annual flow (m?/s) 240

Total reservoir volume (mill m?) 425
Reservoir length (km) 15

Bottom width of the dam (m) 200

CIR (Capacity Inflow Ratio) 0.01

Trap efficiency (%) 48
Sediment yield (t/km?/yr) 280

2
Average annual flow.
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Figure 9.1-27. Reservoir Inundation Area of Xe Kong 3B. (Note: Xe Kong 3up is the same as Xe Kong 3B.)

Xe Kong 3A

The Xe Kong 3A hydropower project is proposed at the most downstream reach of the
cascade formed by the four proposed dams. Its dam site is located near the powerhouse of the
existing 152 MW Houay Ho hydropower project. Table 9.1-9 lists the main features of the Xe Kong
3A project. Figure 9.1-28 shows the approximate reservoir inundation area. Investigations
indicated no feasible alternatives for replacing the Xe Kong 3A Dam.

Table 9.1-9. Main Features of Xe Kong 3A Hydropower Project.

Item Xe Kong 3A
Location Lat. 14°34.2’/ Long 106°54.9’
River Xe Kong
Installed capacity (MW) 140

Rated head (m) 17

Design discharge (m?/s) 568

Full supply level (m) 117
Catchment area (km?) 9,700
Mean annual flow (m?/s) 316

Total reservoir volume (mill m?) 486
Bottom width of the dam (m) 200
Reservoir length (km) 21

CIR (Capacity Inflow Ratio) 0.02

Trap efficiency (%) 55
Sediment yield (t/km?/yr) 290
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Figure 9.1-28. Reservoir Cover Area of Xe Kong 3A. (Note: Xe Kong 3d is the same as Xe Kong 3A, and Xe Kong 3up is the
same as Xe Kong 3B.)

Xe Kong 3B and Xe Kong 3A — potential to pass sediment

Drawdown flushing

The RESCON analysis performed on Xe Kong 3B and Xe Kong 3A Dams and their
reservoirs indicates that it will likely be feasible to implement successfully drawdown flushing at
both facilities. This can be seen in Figure 9.1-29, which compares the drawdown flushing
parameter values to the criteria deemed to make drawdown flushing successful. Only one of the
criteria, i.e,, TWR, is not satisfied; which is not a great concern. It is noted that it will likely be
possible to implement drawdown flushing at these two dams provided that adequately sized mid-
and low-level outlets are installed to facilitate its implementation.
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Xe Kong 3 Flushing Criteria
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Figure 9.1-29. Comparison of Quantified Values of SBR, FWR, TWR, SBRd, LTCR, and DDR and Criteria for Xe Kong-3B and
3A Dams. (Note: Xe Kong 3d is the same as Xe Kong 3A, and Xe Kong 3up is the same as Xe Kong 3B.)

Density current venting

The density current venting analysis, performed using the same basis as for the other
dams, indicates that such formation may be possible at high flows that concurrently occur with
high sediment concentrations (Table 9.1-10 and Table 9.1-11). The venting efficiency appears to
be slightly less effective at Xe Kong 3A. However, it is likely reasonable to assume a density
current venting efficiency of about 20% to 25%.
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Table 9.1-10. Venting Efficiency (%) for Xe Kong 3B.

Sediment Concentration (mg/l)
Flow
(m3/ s) 100 500 1,000 2,000 5,000 10,000
240° 0 0 0 13 20 24
480 0 0 9 18 24 27
1,200 0 0 18 23 29 32
2,400 0 0 22 27 32 36

Table 9.1-11. Venting Efficiency (%) for Xe Kong 3A.

Sediment Concentration (mg/l)
Flow
(m3/ s) 100 500 1,000 2,000 5,000 10,000
316* 0 0 0 0 15 19
632 0 0 0 13 19 23
1,580 0 0 12 19 24 28
3,160 0 0 18 23 28 32

Cascade of Dams — flushing

Flushing discharges

All the dams in the cascade have been found to be amenable to drawdown flushing.
However, each of the facilities was considered independently in the foregoing sections. Because
the dams are in a cascade it is necessary to perform an assessment of the effectiveness of
drawdown flushing when executed in a cascade. When flushing dams in a cascade it is preferred
to implement concurrently the procedure at all dams. The exact timing of gate openings, from the
most upstream dam to the most downstream dam, is determined by more detailed studies to be
conducted at a later stage, and will normally be refined during practical implementation.

Table 9.1-12 presents the flushing discharges that may be considered at each of the dams. The
second column indicates the discharges (Qr) that are expected to result in viable flushing should
the procedure be implemented independently at each dam (as determined in the previous
sections). However, the fact that these dams are in a cascade requires modification of those
flushing discharges. The discharges that will be used when flushing the cascade (Qf cascade) are
shown in the third column in Table 9.1-12.

3
Average annual flow.
4
Average annual flow.
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Table 9.1-12. Flushing Discharges in Cascade.

Dam Qs Qs _cascade
(m?/s) (m?/s)

Xe Kong 5 Alt-3 274 410

Xe Kong 4 Alt-2 410 410

Xe Kong 3B 360 410

Xe Kong 3A 632 632

For example, Xe Kong 4 Alternative-2 is located immediately downstream of Xe Kong 5
Alternative-3. This means that it will be necessary to increase the flushing discharge at Xe Kong
5 Alternative-3 to 410 m3/s to ensure that the flushing discharge at Xe Kong 4 Alternative-2 is
high enough. The higher discharge released from Xe Kong 4 Alternative-2 implies that the
flushing discharge available at Xe Kong 3B will also be greater than originally used to assess its
flushing feasibility. For purposes of this assessment, it is therefore assumed that the flushing
discharge at Xe Kong 3B is 410 m3/s. It is also assumed that the additional catchment area
between Xe Kong 3B and Xe Kong 3A is large enough to ensure that the flushing discharge at the
latter facility is 632 m3/s.

Potential of cascade to pass sediment

The effectiveness of flushing the cascade of dams has been determined by calculating the
flushing criteria when using the flushing flows required for flushing the cascade. Figure 9.1-30
presents the analysis results, indicating that flushing through the cascade should be effective. The
majority of criteria, except for TWR, are satisfied.

Sediment management combinations

The preferred approach to managing sediment in this cascade of dams is to implement
sediment management technology at all dams. This means that it is desirable to incorporate
adequately sized mid- and low-level outlets at all dams and to implement a sediment management
strategy requiring concurrent drawdown flushing at all reservoirs on a regular basis; either
annually or at least every two or three years.

Drawdown flushing effectiveness

The effectiveness of passing sediment to the downstream river increases when
implementing sediment management at all dams along the cascade. Table 9.1-13 presents
estimates of the reduction in sediment load in the river downstream of Xe Kong 3A when
implementing various combinations of sediment management in the upstream reservoir. For
example, if sediment is not passed through any of the reservoirs along the cascade, the reduction
in the sediment load in the downstream river will be 80%. It means that only 20% of the original
sediment load will be present in the river if the cascade of dams is built without any sediment
management.
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Cascade Flushing Criteria
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Figure 9.1-30. Comparison of Quantified Values of SBR, FWR, TWR, SBRd, LTCR, and DDR and Criteria for Flushing through
the Cascade of Dams along the Xe Kong River. (Note: Xe Kong 3d is the same as Xe Kong 3A, and Xe Kong 3up is the same

as Xe Kong 3B.)

Table 9.1-13. Reduction in sediment load for various sediment management combinations.

No Passage 80%
Passage through 3B and 3A only |62%
Passage through 3B,3A & 4 43%
Passage through all dams 28%

On the other hand, if sediment passage is successfully implemented at all four reservoirs by
making use of drawdown flushing it is estimated that the reduction in the sediment load in the
downstream river will only amount to about 28%. It means that the amount of sediment in the
river will equal about 72% of the current sediment load when successfully implementing
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drawdown flushing in the cascade of dams. The selected projects to accomplish this goal are
Xe Kong 5 Alternative-3, Xe Kong 4 Alternative-2, Xe Kong 3B, and Xe Kong 3A.

The estimated reduction in sediment load when implementing sediment management at Xe Kong
4 Alternative-2, Xe Kong 3B, and Xe Kong 3A is 43%. If sediment management is only
implemented at Xe Kong 3B and Xe Kong 3A, the reduction is estimated at 62%. It is therefore
concluded that concurrently implementing sediment management at all four dams along the
cascade will significantly increase the sediment load in the downstream river.

Density current venting

In addition to the analysis results previously presented in this report, a rough estimate of
venting efficiency was also made as a check calculation by using a relationship presented by
Morris and Fan (1998). That empirical relationship between the reservoir length and venting
efficiency is expressed as:

Eff = —0.122.1n (L) + 0.6907

Where, “Eff’ is the flushing efficiency and “L” is the reservoir length in km. Table 9.1-14 presents
the sediment venting efficiency with respect to reservoir length for different cases.

It is noted that the average venting efficiency is approximately 30% for the most desirable
projects, i.e., Xe Kong 5 Alternative-3, Xe Kong 4 Alternative-2, Xe Kong 3B, and Xe Kong 3A. Based
on this information and the information previously presented in the report it may be concluded
that it might be likely to pass about 30% of the incoming sediment loads associated with density
currents, should they exist. Additional studies to determine the potential existence of density
currents, based on measured sediment and water discharge data, are required to confirm this
result. If it is found that density currents will likely occur, it will also be necessary to determine
whether they could be passed through a cascade of dams. This might be a challenge because the
upstream ends of reservoirs are generally very close to each of the dams. However, it is noted
that installation of mid- and low-level outlets, adequately sized, will facilitate density current
venting should they occur once the dams are constructed.

Sluicing

It is noted that sluicing effectiveness was not studied because general criteria for
determining its success are not generally available. The potential to use sluicing as a sediment
management techniques requires more detailed investigations. However, it is noted that
installation of adequately sized mid- and low-level outlets will facilitate its implementation, as it
will implementation of drawdown flushing and density current venting.

Table 9.1-14. Density Current Venting Efficiency using Empirical Relationship.

Length Efficiency
Reservoir (km) (%)
Xe Kong 5 41 24
Xe Kong 4 92 14
Xe Kong 3B 15 36
Xe Kong 3A 21 32
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Alternatives
Xe Kong 5 Alt-1 32 27
Xe Kong 5 Alt-2 20 33
Xe Kong 5 Alt-3 18 34
Xe Kong 5 Alt-4 35 26
Xe Kong 4 Alt-1 71 17
Xe Kong 4 Alt-2 31 27
Xe Kong 4 Alt-3 47 22
Conclusions

Sediment management techniques to facilitate passage of sediment through the cascade of dams
consisting of the Xe Kong 5, Xe Kong 4, Xe Kong 3B and Xe Kong 3A Dams were considered. The
methods that were studied include sluicing, drawdown flushing and density current venting.
Design criteria compatible with the pre-feasibility level of assessment performed during this
study have been used to determine the relative level of success that can be accomplished when
using these sediment management techniques.

Simple design criteria for establishing the relative success of implementing sluicing have not been
established in the profession at this time. It was therefore not possible to determine its potential
success as a sediment management technique during this pre-feasibility study. It means that the
potential use of sluicing as a sediment management technique should be determined through
more detailed studies during the feasibility and design stages of these projects.

Drawdown flushing was found to be potentially feasible for the proposed designs of all
considered projects. By considering alternatives for Xe Kong 5 and Xe Kong 4 Dams, it was found
that the effectiveness of flushing can be considerably increased. The preferred projects are the
Xe Kong 5 Alternative-3 and Xe Kong 4 Alternative-2. These alternatives have reservoirs of lesser
lengths and lesser volumes that currently proposed. This means that sediment removal would
be more effective because drawdown will occur more rapidly, thereby reducing power
production downtime.

[t was found that the reduction in sediment load in the river downstream of the cascade may be
reduced from 80% when sediment management is not implemented to only 28% should
drawdown flushing be concurrently implemented at all dams along the cascade. The estimate,
therefore, indicates that the sediment load in the downstream river will increase from 20% of
what it currently is (with no sediment management) to about 72% of what it currently is (when
concurrently implementing drawdown flushing along the entire cascade). To accomplish this
improvement in the availability of sediment after construction of the cascade it is necessary to
use Xe Kong 5 Alternative-3 and Xe Kong 4 Alternative-2 modified designs (or other designs that
may be devised, which perform at those levels or better) and the currently proposed Xe Kong 3B
and Xe Kong 3A designs.

The use of density current venting in addition to drawdown flushing may further increase the
amount of sediment that is released downstream of the cascade. The preliminary estimates
performed during this study indicate that it may be possible to release about 30% of the amount
of sediment entering a reservoir during the occurrence of a density current. It is noted that the
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analysis conducted during this study did not have available sediment data (i.e., particle size
distributions, sediment concentrations and sediment rating curves), which are required for
defensible analysis. However, sensitivity analyses of the potential of density current formation
presented in this report indicate the combinations of water discharge and sediment
concentrations that may result in such occurrences. Once sediment data have been collected, it
may be possible to predict the potential for density current formation with more confidence.

The preliminary estimates of density current efficiency indicate that it is approximately 30% for
Xe Kong 5 Alternative-3, Xe Kong 4 Alternative-2, Xe Kong 3B, and Xe Kong 3A. This means that
it might be possible to concurrently vent density currents through the cascade of dams, should
they occur. However, this opinion requires further investigation during more detailed feasibility
and design studies.

It is therefore concluded that the availability of sediment in the downstream river, after
construction of the cascade of dams, may be considerably increased through implementation of
reservoir sedimentation management technology. The analysis results indicate that the use of
alternative dam designs combined with drawdown flushing may increase the availability of
sediment in the river downstream of the cascade by about three times, i.e, it is expected to
increase from 20% to about 72% of what it currently is. The provision of low- and mid-level
outlets required for drawdown flushing may also provide additional sediment management
benefits if it is found that density currents occur in the reservoirs. In such cases, the low-level
outlets may be used to vent those density currents. Similarly, the availability of low- and mid-
level outlets will also facilitate implementation of sluicing, should it be found during further
studies to be a viable sediment passage technique. Importantly, it is emphasized that adequately
sized low-level and mid-level outlets should be provided at all dams. Provision of such outlets
will not only facilitate drawdown flushing, but will also make possible density current venting
and sluicing should those management techniques be found to be viable.

Recommendations

Based on the findings of this study the following recommendations are made:

1. Consider implementing Xe Kong 5 Alternative-3 and Xe Kong 4 Alternative-2
design modifications proposed in this report. These alternative designs
significantly improve the ability to pass sediment by means of drawdown flushing.
The proposed alternative designs should be refined during the feasibility and
design stages of the project.

2. Implement technology facilitating sediment management at all dams along the
cascade, i.e., at Xe Kong 5 Alternative-3, Xe Kong 4 Alternative-2, Xe Kong 3B and
Xe Kong 3A.

3. Install adequately sized low- and mid-level outlets in each of the dams. The
outlets must be adequately sized to facilitate drawdown flushing, sluicing, and
density current venting.

4. During the feasibility and design phases of the project, conduct studies to
establish how the cascade will be operated to pass sediment. This means that each
dam should not be independently designed, but that a comprehensive design
incorporating all four dams should be performed. During such studies, it is
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necessary to carefully study the management and movement of sediment through
and downstream of the entire cascade of dams. The configuration of the cascade
of dams indicates that it will be necessary to concurrently implement sediment
management techniques at each of the dams. When implementing drawdown
flushing and sluicing, it is necessary to commence opening gates at the most
upstream dam. The gates at the other dams are then opened in succession, from
upstream to downstream. Refinement and optimization of such an operating
procedure is necessary as part of the feasibility studies and design of the cascade
of dams. Operating procedures for density current venting in the cascade of dams
should be established during the feasibility and design stages of the cascade of
dams.

Collect field data at each dam site, including particle size distributions of
suspended sediment and bed load, and concurrent measurements of suspended
sediment concentrations and water discharge data. This information is required
to develop sediment rating curves and to assess in more detail the characteristics
of drawdown flushing, sluicing, and density current venting.

Perform additional, more detailed studies during the feasibility and design stages
of the cascade of dams to:

A. Refine the drawdown flushing design and the operating procedures

B. Establish the viability of using sluicing to pass additional amounts of sediment
and establish the required operating procedure.

C. Determine whether density currents are likely to occur within the reservoirs
upstream of the dams, thereby allowing implementation of density current
venting as an additional sediment management technique to pass sediment
downstream.

D. Study and refine the operating procedures to successfully pass sediment
through the cascade of dams when using drawdown flushing, sluicing, and
density current venting.
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