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Fish passage at the Don Sahong dam site,
Khone Falls, Mekong River, southern Laos
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Presenter
Presentation Notes
Somphone Team Leader and his team
Thanks to the conference organisers and funders
Check the website for all reports
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Mekong Basin dam projects
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Hydropower Dams
®  Operational dams.
g ©  Under-construction dams
® Licensed dams
g ®  Planned dams
Irrigation/other dams

N Dams listed in Table 1

e 88 HP damsin LMB by 2017, 20 in China and 1000s of other dam:s.
e 11 Mekong mainstream projects in LMB, 2 under construction.
 Maps from Hortle & So (2017
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Presentation Notes
Fish migrate from Tonle Sap and other Cambodian floodplains and tributaries as water levels fall.
Migrate up Mekong mainly in search of food.
Many of these fish return DS with the flood in the early wet season.
In early wet season upstream migrations, then breeding, with DS drift of larvae and fry.
Xayaburi 1900 km, DSHP 720 km, Quatre Bras 350 km
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Presentation Notes
The Hou Sahong channel is about 5km in length, and falls some 20 m between its inlet and outlet.
The hydro turbines will generate power by making use of this difference in water level. But to do this it requires embankments to be built either side of the river to contain the river and retain the water level. The WL will be the same as at the inlet to the H Sahong. The crest level of these embankments will be high enough to prevent flooding, ana all excess flood flows are naturally distrubuted through the other natural channels. 
The poerhouse will have 4 bulb turbines. Otherwise there are no gated structures required for this project. Instead, some excavation is required at the upstream end of the Hou Sahong, this will be within the existing river and is required is to deepen the inlet to provide flow capacity needed in the dry season. 


Don Sahong Hydropower Project (DSHP)

e Construction - January 2016 to mid-2019.
* Impact area of 4.6 km?
* Small reservoir = 2.8 km2. e.g. Nam Ngum Res. is 470 km?Z.

e Live storage = 0.021 km?3, cf. all Mekong reservoirs = 46 km3. Don Sahong
=~1/2200 of all live storage.

e (Capacity 260 MW, Dam 25 m high, Operating head 16-18 m.
* Discharge 1600 m3/s, 17% of mean annual flow .
e Horizontal bulb turbines, 4 blades, GE (Alstom), 7.2 m dia., 83.3 rpm.

e DSHP effects on Mekong flows and sediment transport are not regionally
significant.

* Fish and fisheries are very important regionally, and the dam will block
one Mekong channel.
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Mean Q 9400 m3/s, Range 1,000-45,000 m3/s from 2010-2015.


MRC PNPCA report 2014
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Figure 4. Options for expanding fish passage at Khone Falls to compensate for lost dry season and
wet season fish passage in Hou Sahong. Yellow is existing and proposed by developer, red is
recommended for investigation by EG.
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Average daily flows at Khone Falls
1985-2000 vs. 2011-2015
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e Fish passage enhanced by dry season flows
e Reduces fishing efficiency
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The MRCS modeled the ‘Definite Future scenario’ of Hydropower development to 2015 and accurately predicted the increase in dry season flow shown here at Pakse.
Main points to note – the volume of active storage that MRCS used in the Definite Future scenario 2015 has already occurred.
The increased dry season flow regime predicted from that scenario have been observed at Pakse since 2011
Dry season flows have increased significantly, with minimal change to wet season flows. 
Other modelling of fish response to hydrology in monsoon flood pulse systems has shown that increasing dry season flows, which fill the river channel, will increase fish production by increasing the survival of breeding fish. 
In practice , any increase in dry season flow reduces fishing efficiency, allowing more fish to survive. This is particularly noticeable at the Khone Falls. 


Khone Falls channels, baseline 2015
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About 10 km across. Falls drop about 30 m over 5 km
Dam is on one of 7 main channels.
Partial barrier to many fish – of about 250 species, about 20 species are found only below the falls.
Flow is mostly down the east channels in the dry season and down the west channels in the wet season.
Western 50%, Phapheng 30%, XP 8%, SH 5%. April Discharge has doubled.
On average Sahong Channel will take 17% of the water once the dam is built.



DSHP Construction 2016

AL N

DON SAHONG POWER COMPANY



DSHP Construction 2016-2019
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DSHP operations 2019-
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Presentation Notes
About 10 km across. Falls drop about 30 m over 5 km
Dam is on one of 7 main channels.
Partial barrier to many fish – about 20 species are found only below the falls.
Flow is mostly down the east channels in the dry season and down the west channels in the wet season.
On average Sahong Channel will take 17% of the water once the dam is built.
Western 50%, Phapheng 30%, XP 8%, SH 5%. April Discharge has doubled.


Fish migrate into all channels
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Several waves of upstream migration throughout the year, 
Fish attempt to ascend all channels. Fish (cyprinids) approach to the west in the dry season. And mainly to the east especially catfish in the wet season.
So many places need to be improved. Ellipses are additional sites recommended by MRC review in 2014
Work has been done at 8 sites and will continue each dry season. 2 more sites are planned this dry season.



Somphamit Falls 17 Feb 16

* Part of western falls, 2" most popular tourist site

 Most fish cannot pass most of the cascades
“wDSPC
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2nd of the 3 biggest waterfalls
Impassable to most fish in the dry season
But drowns out in the wet season


Somphamit Falls 31 July 18

e Falls are drowned out completely across 3 km of river.

* Fish can likely pass in many places; but difficult to study.
e Upstream fish passage is mainly a low-flow issue.
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Khone Phapheng Falls, 18 March 2016

Most popular tourist attraction
e Only small side channels passable in the dry season.
* Traps blocked channels until 2016
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To show the largest of falls in the dry season – Phapheng 
The most popular tourist site.
Dry season typical appearance. It is a cascade rather than a waterfall
450 m wide upstream cf about 150 m wide downstream
About 8 m drop at the falls, water level rises more ds than us in the wet season
Side channels to the left or west may pass fish but have been blocked in the past



Khone Phapheng Falls, 2 Aug 2018

 ‘Drown-out’ of barriers, fish passage easier in the wet season
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Water level rises more ds than us – 6 m cf 2 m
Side channels to the left or west may pass fish but have been blocked by fishing gears in the past



Dam site in 2010 looking down Sahong Channel
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General view of the Sahong Channel in dry season before construction started.


Illegal gears block migrations in
Sahong Channel May 2013

Main obstruction
for upstream migration at Taat Pho
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Lee are inclined plane traps
Fish approach barriers and are caught in lee traps as they return
Sahong was a good channel but many fish could not pass the traps


Upstream coffer dam Sahong Channel, May 2016

 Closed 5-15 Jan 2016 by temporary coffer dam
“wDSPC L2
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Closure was 5-15 Jan 2016.
Upstream coffer dam here in May 2016
Blasting and earthworks are isolated from the river
Water now flows down Phapheng Channel 2016-2019


Don Sahong Dam Site, July 2016

 Xang Pheuak Channel is on the left
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Presentation Notes
Xang Pheuak to the left under natural conditions is larger than Sahong and has adequate water for fish passage.
By an standards it is a large channel.


Approach for upstream fish passage improvements

Reduce fishing pressure (DSFMC)

e Large illegal fishing gears removed by GolL in
2016.

 Ongoing enforcement of the law, especially
destructive fishing.

* Provide alternative livelihoods for fishers.
Physical improvements (DSPC)

1) Increase water flow through channels.

2) Remove or flatten barriers.

3) Go around barriers (bypass).

<>DSPC 21
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Reducing fishing pressure and blockage by gears is possibly more important than physical improvements.



Sadam Channel, 26 May 2006
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Sadam has been blocked by gears for many years, preventing fish passage.
They were removed in 2013, then rebuilt in 2015, then removed by GoL in 2016.


Sadam Channel blocked in dry season 2013

* One of several fences across the channel
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Near the upstream entrance of Sadam Channel in January 2013
Shows that many pa soi and associated species migrated up this far and were caught by this trap
Many more caught along the channel by similar traps and other gears
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Lee Traps in Xang Pheuak Channel

17 Aug 14
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Nokkasum Noi Lee Traps, one branch of Xang Pheuak
Lee traps are traditional gears to catch fish migrating downstream – mainly used in early wet season for fish that fail to ascend a barrier.
The fish would attempt other channels if not caught


®
Lee Trap in Sahong Channel, 17 June 2014 (& (&
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Note the large size of river and rapid flow and turbulence – very difficult for fish to pass these rapids so they turn back and are caught in the lee.
Or go up the edges and are caught in luang khang traps.
Extremely difficult to monitor fish quantitatively in these conditions.



More traps and getting bigger each year

. Don SahongMay 2015 very large luang khang traps

 Traps have become larger as chain saws and other tools
more available.
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Increasing use of big gears at Khone Falls

Large Traps used by 60 Khone Falls HHs in 2015
50
45
]
40 °
o ® Lee
35 e
]
30 oo
25 ® Luang
20 . bl o Khang
 J ]
15 .
10 ® oo
[ N J
5 ° ®
0 $ > e e o o°°°
1920 1940 1960 1980 2000 2020
Year Ownership Began

nnnnnnnnnnnnnnnnnnnnn

27


Presenter
Presentation Notes
Among 60 HHs which are monitored ownership of trap sites goes back to 1940.
Most trap sites have been used only since the 1990s.
Luang khang traps especially increased since 2000 because of demand for fish by traders.
The increase in traps and fishing pressure generally is unsustainable, and detrimental for household fishers



Giant Catfish (protected), from lee, Etout, July 2014
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Long distance migrator, spawns in upper part of Mekong in Lao and Thailand. One of the world’s largest fish.
Giant catfish are caught every year by lee traps
Highly endangered species. 
The species which is most likely to become extinct
Category 1 Protected species under Lao fisheries law. Protected also in Thailand and Cambodia.
Illegal to catch or sell.
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Pa beuk are eaten on site
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Giant catfish are supposed to be released but are not.


Big Gears in July 2015, all removed June 2016
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YELLOW IS LEE TRAPS
> 350 TRAPS
Impassable to most fish in the dry season
ALL TRAPS WERE REMOVED IN JUNE 2016


Approach to fish passage improvement works

1. ldentify barriers and flow issues

2. Hydraulic modelling for larger works
3. Planning, hiring and approvals
4

5

. Dry-season window identification
. Works during dry season each year

1) Deepening to increase flow

2) Flattening barriers
3) Bypass channels

==
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Fish passage sites Iy
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e Sites 1-8 already modified. Sites 9-13 planned.
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Most work is done by fishers with hand tools
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Downstream of Xang Pheuak Noi; breaking large rocks where fish accumulated and were trapped by fishers.
After the rocks were removed many fish could be seen moving upstream past this barrier.



Temporary levees, gears burnt to heat and crack
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Presentation Notes
Top left shows small sandbag coffer dam.
Fishermen were happy to burn their gears when employed.
The fires were used to heat and crack rock prior to splitting it.
Bottom right - a nice fish passage was created and colonised rapidly by fish.


Blasting and machinery for larger works
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The largest fish passage – Hou Wai – was created by excavation using confined blasting and earthmoving machiner.


Xang Pheuak Channel, 26 April 2016
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View from downstream of a large bypass channel at Hou Wai, Khone Lan waterfall is on the right.
TUFLOW software was used for hydraulic modelling prior to the work.
The temporary levee upstream (rear) allowed site works in early 2016 – deepening and flattening barriers to create the Hou Wai bypass channel. 
The bypass channel had just been opened to check the flow, after that it was closed on 25/4/16 for further excavation.
And then reopened on 3/5/16.



Xang Pheuak Channel, 29 June 2016

Early wet season flows drown out barriers.
“wDSPC
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Similar angle, early wet season drown-out of the falls makes the barriers passable



Xang Pheuak Channel, 26 April 2016

e A significant barrier in this channel
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Presentation Notes
Large bypass channel at Hou Wai, Khone Lan waterfall is on the left. The temporary levee allowed site works in early 2016 – deepening and flattening barriers to create the bypass channel. 
The bypass channel had been opened to check the flow, after that it was closed on 25/4/16 for further excavation.
And then reopened on 3/5/16.


Xang Pheuak Channel, 29 June 2016

e Early wet season, barriers drowned out

“wDSPC
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Similar angle, early wet season showing drown out of the falls.


Success of fish passage works directly observable

 Hou Wai re-opened on 3 May 2016, fish migrated through
the channel in large numbers around 20 May 2016.

“wDSPC 40

nnnnnnnnnnnnnnnnnnnnn


Presenter
Presentation Notes
Hou Wai coffer dam was opened on 3/5/16.
Sampling by DSPC fishers on 20/5/16 caught many fish along the Hou Wai channel.
And then many fishers arrived using cast nets to catch fish – on 23/5/16 about 50 men were fishing in the channel
Many fish were caught at Hou Wai and then upstream as far as Ban Hat 22 km upstream


24 May 2016, Ban Hat - 22 km upstream of Hou Wai

e About 200 boats fishing the migration, > 2 tonnes per day

aaaaaaaaaaaaaaaaaaaaa
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About 200 boats were fishing the migration of fish which had come through Xang Pheuak Channel over the previous few days.
They were each catching about 20 kg of fish, mainly pa pien (Scaphognathops).
So the catch was 4 tonnes per day.



Processing fish at Ban Hat

DON SAHONG POWER COMPANY


Presenter
Presentation Notes
Cutting up Pa Pien to make fermented fish at Ban Hat.


18 July 2018 Pakse 150 km US of Khone Falls
Pangasius sanitwongsei, 125 kg, Gill Net
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Fish most likely migrated through Khone Falls


23 July 2018 Thakhek, 400 km US of Khone Falls
Pangasmnodon gigas, 120 kg
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Fish most likely migrated through Khone Falls


Hou Som Yai works in 2017

* Planning is based on surveys and modelling.
e Access and approvals are significant issues.
e Limited window during each dry season for works.
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Traps block Hou Som Yai in 2015
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There are 3 lee and 4 luang khang traps at this site in Som Yai, a small bypass channel at Phapheng Falls 
Big gears have been removed from most places in May-June 2016.
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Traps removed in 2016

e By 2017 — some rebuilding
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Hou Som Yai barrier...concreted in 2000
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e Blocked all fish, which were then caught by lee traps.
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Hou Som Yai barrier reduced in April 2017

Fish pass upstream, but some accumulation of fish at low flows
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Hou Som Yai Channel, 2017 daily fish catch by

standardised cast netting

2,442 fish, 35 species
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Fish moved upstream in large numbers after barriers reduced.

Some accumulation of fish at barriers.

More works planned in 2019 dry season.

50
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Summary

e DSHP construction 2016-2019, Sahong Channel closed Jan. 2016.

e DSHP differs from other Mekong hydropower projects, blocks one of seven
anabranch channels at Khone Falls.

e About 83% of total Mekong discharge will bypass the dam, providing
opportunities for fish passage in six other channel systems.

e Fish passage is being improved by physical works in channels and by
eliminating barrier gears from channels.

e Destruction of big gears by GolL in 2016 reduced blockage of channels for
migrating fish but caused some loss of catches at Khone Falls.

e Fish passage improvements already done at 8 sites and more are planned,
ongoing for 10 years.

 Downstream fish passage will be mainly via other channels. Bulb turbines
are relatively fish-friendly. Monitoring will direct further mitigation work.

wDSPC >1



Total Mekong Discharge and
% flow through the DSHP turbines
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* Flow through DSHP plant will be low at times of
most downstream migrations.
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A footnote note on downstream fish passage.
DSHP is different from other dams because it is across only one channel of the river
Water which does not go through the plant just flows down other channels
Fish migrate upstream through the year, but mainly during the dry season and early wet season.
It’s enough to say we need to provide upstream fish passage all year
From monitoring on site, most larval drift is during July and August
Most downstream migration of larger fish is during September to November
So the plant is inherently more favourable for downstream migration than a full cross-river dam
4 Bulb turbines  each 65 MW
Most advanced fish friendly design which is available from Alstom
Modelling shows fish strike ranges from 2% to 12% probability from 20-150 cm assuming same downstream rate throughout the year.
Most downstream migration is at higher flows (June-Dec) when the proportion of flow through the plant is 6-36% of the total flow.
Screening and behavioural deterrence are being evaluated
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