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1 Executive Summary

This executive summary outlines key considerations for the design of a fishway at a 1.4m high
Sleng Weir.

1.
2.

Sleng Weir is a 1.4m high weir located 45min west of Siem Reap.

The site survey and interviews with local operators and fishermen indicates that the site is
suitable for multiple fishway designs.

The two most promising design options for Sleng Weir are the vertical slot and cone
fishway designs.

These designs are suitable for fish ranging from 50mm to 500mm in size and operate
across the full range of flows at the site.

The design is based on the assumption that the upstream cheater boards will not be used
in the future as outlined by the local operators.

Before finalizing the design and tender, it is crucial to investigate the foundations to ensure
they are suitable for the proposed fishway.

By considering these factors, the project team has developed a fishway design that effectively
facilitates fish passage over the weir while ensuring that the design is safe and durable,
provides educational opportunities at the site and meets the FishTech project objectives for
effective fish passage and maintenance of fisheries production for local communities.
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2 Introduction

As part of the FishTech: Integrating technical fisheries solutions into river development
programs across Southeast Asia project being implemented by Charles Sturt University in
conjunction with country partners, a series of fishways are planned to be installed in waterways
throughout Cambodia in a bid to restore fish passage in these important systems and to
demonstrate the process for implementing fish passage at barriers in Cambodia. The Sleng
Weir is the first of these projects to be implemented in Cambodia.

Sleng Weir, is an irrigation diversion weir which is impeding fish passage in the Stueng Phlang,
west of Seim Reap in Western Cambodia (Figure 1). The weir is a significant barrier within the
system, impeding passage in all but the largest flows. As the most downstream barrier in the
river the weir directly impacts a wide range of species that are migrating within the waterway
and also between the Tonle Sap and its watershed.

This report outlines the requirements for fish passage at the site, design considerations for
fish passage and design options that may be implemented at the site to remediate fish
passage.

2.1 Location

The Sleng Dam is located approximately 40 kilometres West-Northwest of the city of Siem
Reap on the Stueng Phlang on the northern side of the Tonle Sap. The river flows generally
south from its headwaters, through extensive rice cultivation regions and into the northern
floodplains of the Tonle Sap. The weir is located in a region dominated by agricultural land
use mixed with rural villages (Figure 1 and Figure 2) with the located on the northeast fringe
of the Prey Chruk village.

Figure 1: Location of Sleng Dam and proposed fishway 40 northwest of Siem Reap.

—_—
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Figure 2. the weir is located to the northern outskirts of Prey Chruk.

The west bank of the site is accessible by road, just off a rural lane that leads to Prey Chruk
village. Independent access to the east bank is restricted by agricultural fields, though the weir
can be traversed easily at low flows across its crest from the west to access the agricultural
areas on the opposite bank.

2.2 Weir Description and Use

The Sleng Weir (Figure 3) is used to create a storage for diversion of stream water flow into
the local irrigation system. The weir also has a joint function as a local access road. The weir
consists of a single stepped concrete spillway, with a roadway across its crest. The road
slopes into and out of the weir crest. The crest of the weir sits at a relative level of 14.82
metres, while the spillway consists of 900 millimetres concrete steps that leads to a concrete
apron at 12.85 metres.

On the upstream side of the weir crest there are a series of concrete pylons that gives the
capability of installing segmented stop boards, to potentially raise the weir crest level.
Interviews with local weir operators indicate that cheetah boards have never been installed on
the weir and that there are no plans to utilise the boards in the future.
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Figure 3. Looking west across the crest of Sleng Weir, with the road across the crest.

2.3 Consultation

Consultation was undertaken at the Sleng Weir with the local community, fishermen, irrigation
officials, and provincial officers on how the weir operates and flows occur at the weir to ensure
that any fishway designed for the structure is suitable for local operating conditions. This
collaborative effort helps to enhance the understanding of how the weir operates and its
potential impact on the movement of fish and the community requirements of the structure. It
also fosters a sense of ownership and responsibility among all stakeholders involved in the
management of any future fishway.

At the Sleng Weir input and feedback received from local fishermen, the community and
irrigation officials was particularly valuable for understanding water flows at the structure and
for ensuring that the proposed fishway does not negatively impact weir operation. The
involvement of provincial officers also ensured that the fishway will operate within the local
regulatory frameworks and meets the water needs of the surrounding communities.
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2.4 Fish Biology and Livelihood Considerations

2.4.1 Fish Community

One hundred and nine freshwater fish species have been recorded from the Stueng Phlang
system (Table 1, data provided by MAFF 2023). For most of these species, unimpeded
movement among freshwater habitats is important to complete key life-history aspects, such
as spawning and juvenile dispersal. Many fish move between the Tonlé Sap and riverine
environments for spawning, feeding or to access refuge habitats; these migrations are cyclic,
moving upstream and downstream. The extent of spawning upstream is unknown but it is
likely that many species undertake upstream migrations to disperse within the catchment of
streams that enter the Tonle Sap.

The fish abundance and biomass at the Sleng Dam is likely to be moderate, and dominated
by upstream migrating cyprinids and catfish species, with a strong presence of small-bodied
potadromous species such as yellow loach, Asian redtail catfish and Hampala barb (Figure 5,
Table 1). All of these species are likely to be migrating at the Sleng Dam and need to be
considered in design.

Figure 5. Examples of species known to be present in the Stueng Phlang system (from left to
right): Asian Redtail Catfish (Hemibagrus nemurus), Striped Snakehead (Channa stirata),
Hampala Barb (Hampala macrolepidota), Yellow Loach (Yasuhikotakia lecontei), Iridescent
Glassy Perchlet (Parambassis apogonides), Dusky-face Carp (Osteohilus lini), Shark minnow
(Luciosoma setigerum), Tiger botia (Syncrossus helodes), and Siamese Algae-Eater
(Gyrinocheilus aymonieri) [Photos obtained from FishBase].

2.4.2 Fish and Livelihood Importance

Wild caught fish from the Tonle Sap and surrounding tributaries contribute essential social,
economic and nutrition services to the local communities which live around them. Specific to
the Stueng Phlang system, fish of all sizes are an important economic and nutrition base for
the local communities. Four main communities are situated on the Stueng Phlang, consisting
of 44 villages and approx. 7,100 households, and 35,179 people. 31 of the 44 villages (24,151
of the 35,179 locals) are upstream of the Sleng Weir and would benefit from improved
migration of fish along the Stueng Phlang.

Small-bodied fish are particularly valuable for local consumption, with particular importance to
women and children. Locals are able to catch these fish directly from the river and consume
them at home, contributing important nutrient and protein base for families. Small and large-
bodied fish such as Channa (snakehead) are both consumed directly by households or are
sold through local markets along with many other wild caught fish from the Tonle Sap and
Stueng Phlang. These considerations of fish size and community needs are taken into
consideration in the design.
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2.4.3 Fish Size

As a result of the large number of fish species likely to occur at the site, it is not unexpected
that there is a wide range between the maximum and minimum lengths of many of the species
that are undertaking migration in the system. However relatively few large body species occur
in the system, as would be expected in a medium sized waterway. The largest species that
occur in the system include striped snakehead and onegilled eel at around 1 metre long. Most
other species are less than 300 millimetres long at their maximum size, with the majority of
the biomass of fish undertaking migrations in the system likely to be less than 200 millimetres
long.

Interviews with local fishermen back up this hypothesis, indicating that the size of migrating
fish at the site is generally small to medium size fish and they do not see any great numbers
of large body species entering this waterway. The full list of fish species found at the site along
with their maximum and minimum lengths is provided in Table 1.

Criteria 1 — Target Fish Size: The target fish size for the Sleng Weir should be between 25mm

and 600mm.

Table 1. list of fish species likely to occur in the Stueng Phlang with the maximum and
minimum size at migration (provided by MAFF 2023).

Minimum Maximum
Length(cm) Length(cm)

Scientific Name English Name Khmer Name

Acanthopsoides =
1 hapalias [BUANUITG ™S 3 6
Acantopsis =
2 dialuzona YR 5.3 11.7
3 Bagarius suchus Crocodile catfish il il 40 70
Barbonymus = .
4 goniontus Java barb BSsSEs 4.7 40
5 Betta splendens Slame?izglghtmg lainsEIhy 4 6.5
6 Brachirus harmandi | Harmand's sole BHumsisigl 2.3 18
] Striped =,
7 Channa stirata Snakehead ain 13 100
Chela . . o . s
8 caeruleostigmata Flying minnow SEnA™w 4 7
o Lessor silver =
9 Cirrhinus lobatus mud carp Lﬁlﬂ uHHY 6 15
10 | Cirrhinus siamensis S'amf:r‘; mud B_ujusu 6 14
1 Clarias meladerma | Blackskin catfish [SHinNgs 10 35
Clupeichthys - = .
12 esamensis Thai river sprat Bunnuse 4.6 55
. . ] Mekong = .
13 | Clupisoma sinensis bachcha SunscnFG)H 25 35
14 | Corica lainiata Ban%I;(:I;trlver BuMUHETISG 4 7
Crossocheilus Reticulate flying = .
Lk reticulatus fox [FCENRES 2.3 17
Crossocheilus Siamese flying = .
16 oblongus fox Iai Dl 8 15
17 Cyclocheiichthys Beardless Barb L?WUU meygsuy 2.4 17.5
apogon
Cyclocheilichthys . o ;
18 rmatus White eyes barb | [S{UFENENHENS 18 23
Cyclocheilichthys =
19 e Mekong barb By 35 28
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20
21
22

23

24

25
26
27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

Cyclocheilichthys
lagleri

Eleotris fusca

Epalzeorihychos
frenatum
Epalzeorthynchos
munense

Esomus longimana

Garra
cambodgiensis

Garra fisheri

Glyptothorax
laosensis
Glyptothorax
lampris
Gymnostomus
lobatus
Gymnostomus
siamensis
Gyrinocheilus
pennocki
Hampala
macrolepidota

Hampala dispar

Hemibagrus
wyckioides
Hemibagrus
nemurus
Hemibagrus
spiloperus
Hemiculter
leucisculus
Homaloptera
zollingeri
Homalopteroides
smithi
Kryptopterus
hexapterus
Labbiobarbus
leptochelus
Labeo
chrysopkadion
Labiobarbus
siamensis
Lobocheilos
rhabdoura
Lobocheilos
melanotaenia
Luciosoma
setigerum

Luciosoma bleekeri

Macrobrachium
sintangene
Macrobranchium
niponsese
Macrognathus
siamensis
Macrognathus
semiocellatus
Mastacembelus
favus

Dusky sleeper

Long-fin flying
minnow
Stonelapping
Minnow

Lessor silver
mud carp
Siamese mud
carp
Spotted Algae
Eater

Hampala barb

Spotted
Hampala barb

Redtail catfish

Asian Redtail
Catfish
Blackspotted
catfish

Sharpbelly

Puting beliung

Black
Sharkminnow

Shark minnow

Apollo shark
minnow

Peacock eel

Eyespot spiny
eel

Tire track eel
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13

10

2.1
20
4.1
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5.6
3.5
21
6.4
10
4.5

6.9
3.2

14
3.2
10.5

4.3

15
15
20

15
26
15

20

15
100
10.8

12.1
15
14
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53

54

55
56
57

58

59
60
61

62

63

64
65
66

67
68

69

70
71

72

73
74

75

76

77

78
79
80

81
82
83

84

85
86

87

Mastacembelus
armatus
Mystacoleucus
marenway
Mystacoleucus
greenwayi
Mystus mysticetus
Nemacheilus
pallidus
Ophisternon
benglense
Opsarius
koratenasis
Ore nil
Osteochilus
melanopleura
Osteochilus
schlengelii
Osteochilus
microcephalus
Osteochilus
hasseltii
Osteohilus lini

Oxyeleotris
marmorata

Pangio anguillaris
Pangio fusca

Parachela
siamensis

Paralaubuca typus

Paralaubuca barroni

Parambasis wolfi
Parambassis
apogonides
Parambassis sp

Pseudomystus
siamensis

Puntioplites
proctozysron
Puntius
aurotaeniatus
Puntius
partipentazona

Rasbora aurotaenia
Rasbora
borapetensis

Rasbora paviana

Rasbora hobelmani

Rasbora
amplistringa
Scalopidia
spinosispes
Somaniathelpusa sp

Syncrossus helodes

Syncrossus
lucasbahi

Tiretrack spiny
eel

Onegilled Eel

Nile tilapia
Gaint bony-
lipcarb
Grey-bony-
lipcarp
Striped bony-lip
carp

Nilem Carp
Dusky face carp
Marble Goby

Burmese loach

Duskyfin glassy
perchlet
Iridescent
Glassy perchlet
Glassy Perchlet

Asian
Bumblebee
Catfish
Snail eating
barb

Tiger barb

Pale rasbora

Blackline
rasbora
Sidestripe
Rasbota

Kottelat rasbora

Black rice crab

Tiger botia
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12
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11

10
15
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3.2
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2.7

4.6
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13
23

12
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14
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Thynnichthys lesser bighead =

88 thynnoides carp g 3.6 25
Trichohodus Three spot 2 =

B trichopterus gourami LR L 5 15
Trichohodus Snakeskin =

90 pectoralis gourami mgd 9 25

91 Tr{0h0h0dus Moonllght ‘E‘?‘fi‘m M 5 15
microlepis gourami e

. o Croaking o e
[alinl=I=at]
92 Trichopsis vittata gourami linlinisis 4 7
93 Trichopsis pumila Talking gourami Lﬁﬁﬂlﬁg Shw 4
. Freshwater =

94 Xenentoden cancila garfish BN 23 40

95  Xenentodon sp BHinuSmanu 15 35
Yasuhikotakia N

96 longidorsalis RERAswig 7 11
Yasuhikotakia 3 =

97 modesta Orangefin loach i mliis) 5 12
Yasuhikotakia =

98 | contei Yellow loach [SEmEG)H 5 15
Yasuhikotakia =

99 caudipunetata T e 5 8
Yasuhikotakia . o =

100 morleti Skunk botia AN 6 95

101 Yasuhikotakia eos Sun loach Ssmegi 4 11

102 | Puntius brevis intat=lai™lal 6 12

103 Macrogqathus Bar-bellied spiny Lﬁmmum o 3 16
circumcinctus eel BT
Pangasius Long barbels NS

104 macronema pangasiid catfish g 12 35
Mystacoleucus Se

e obtusirostris [ SBA 10 20

106 | Acantopsis sp Small spot Lﬁgmt@ﬁ(ﬁmﬁm) 12 23
Gyrinocheilus Siamese Algae- o

a0 aymonieri Eater Lgely 3.2 25.7

108 | Mystus sigaringan Lﬁﬁ Meenwiig 8 35
Ompok o

) hypophthalmus Enial gs 13 30

2.4.4 Migration Season

Peak migration upstream in Tonlé Sap rivers is reported to occur at the onset and first half of
the rainy (wet) season (Chenng Phen & Ngor Peng Bun, Cambodian Inland Fisheries
Research and Development Institute, pers. comm.) (Figure 6). At the onset of the south-
westerly monsoon and the beginning of the wet season, flows in the river will be lower and
increasing to moderate levels. This provides the best window of upstream migrating conditions
for juvenile and small-bodied fish. Larger fish can take advantage of higher flows to facilitate
their upstream migrations and movements within the river.

Downstream fish passage could occur any time there is sufficient flow over the crest of the
weir and within the fishway.

At other fishway sites around that Tonle Sap where monitoring has been undertaken, theret
has been a direct correlation between the peaks in river flow associated with high flow events
and peak migration times for fisheries. This indicates that fish species in the catchment are
strongly associated with outflow from watersheds. However, it is also likely that there is some
migration (although reduced) throughout the year, whenever there is flow in the river.
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Criteria 2 — Target Migration Season: The target migration for the Sleng Weir should be

whenever there is flow in the system.

MEAN MONTHY DISCHARGE AT OF STUNG SRENG AT
KRALANH DISTRICT (1998-2004)

160
140 .
Period of
120 peak fish
< 100 migration
£
& 80
2
2 60
o
40
20
00 r—e —
2 A > S A < o A < < > <
W& & © qu RO RS o & o &
S S w N S S QN 0 S
N & N O 2 & 2 <
NaEESY AN G NS
3 & eo Q

Figure 6: Simple mean discharge on the Strueng Sreng measured monthly between the years
of 1998 and 2004 at the Kralanh District in Siem Reap Province, Cambodia. The highlighted
area represents the period of the first half of the wet season in which most of the fish
migration occurs (Ministry of Water Resources and Meteorology).

2.4.5 Stream Hydrology

The catchment of the Stueng Phlang is contained within the relatively flat land to the north and
West of Siem Reap and as such does not receive extreme rainfall events like those in the
more mountainous areas to the South of the Tonle Sap. Flows in the system are directly linked
to rainfall events, with peaks rapidly occurring in association with high intensity rainfall. The
system does have long periods of flow but may also cease to flow for considerable periods of
times in many years. What is it in sq kms (approx. 2000?) and what is the length of river
(approx. 100km?)?
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Stueng Phlang

Figure 7. Catchment of the Stueng Phlang on flat land northwest of Siem Reap.

2.4.6 Yearly Flow Patterns

In a typical year, the Stueng Phlang flows in all months, seeing lowest flows lows in the dry
season between November and April (Figure 5). Between May and October, this region will
usually receive the majority of its rain, with stream flows increasing throughout the season,
before peaking from August to October. After this, rainfall and corresponding stream discharge
steeply falls off into the dry season.

The region north of the the Tonlé Sap around Siem Reap is known to experience a high degree
of variability in rainfall events from year to year. For the purposes of this proposal, trends have
been generalised from patterns seen in the Stueng Sreng, an adjacent sub catchment with
similar geographic and climatic characteristics and for which historical data is available.
General trends of rainfall and flow can be expected to be similar in timing between the two
rivers, though events in the Stueng Phlang will be of smaller magnitude.

2.4.7 Weir Water Levels

Information on water levels at the Sleng Weir (Figure 8) have been derived from interviews
with local weir operators, who have provided water levels associated with the weir at periods
of high and low flow.

Predicted water levels at the weir for the predicted period of migration are shown in figure 7.
The weir has a fixed crest level of 14.82m and a downstream apron at 12.85m. A downstream
control exists that maintains a minimum water level in the tailwater pool of 13.15m.

Elevated flows in the wet season (1 year ARI) raise the headwater level at the weir to a
maximum of 0.5m above crest level (15.32m), while tailwater levels also rise 0.7m above low
flow levels to 13.85m on these flows. When water flow is low, the water level in the weir pool
recedes to the level of the weir crest. This condition persists for several months of the year,
both before and after the wet season, because the height of the weir is controlled by the offtake

—_—
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irrigation structure. During these low flow periods tailwater levels at the weir remains at
13.15m.

The identified weir operating levels set the minimum operating level of any fishway exit at
14.75m to maintain weir pool levels for irrigation releases and minimum operating level for any
fishway entrance at 13.15m. The maximum differential head for the design is 1.67m as
identified by the headwater/tailwater differences identified by local operators.

Criteria 3 — Target Weir Operating Levels: The target weir operating levels for the Sleng Weir
should be as follows:

Minimum Headwater Operating Level — 14.75m
Maximum Headwater operating level — 15.32m

Maximum Tailwater Operating Level — 13.85m

Minimum Tailwater Operating Level — 13.15m

RL15.32 Max Headwater
A
0.57m Depth Weir Crest
14.82m
RL 14.75m y
Min Headwater \
|
|
| Max Tailwater
I RL13.85m
Max Differential Head 1 .GOm:
| 0.7m Depth
|
|
Y RL13.15m
Min Tailwater

Figure 8. Summary of design levels for potential fishways on the Sleng Weir.
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3 Design

The design of the fishway is reflected by the conditions available at the site, both within the
weir structure, as well as the pool downstream and the available space on each of the
abutments of the structure.

3.1 Design Options

The target upstream migratory fish community strongly influences the Sleng Weir fishway
design. Small fish (<100 mm long) require very low water velocities and turbulence, and a
minimum pool depth of 300 mm; while large fish can tolerate higher velocities and turbulence
but require deeper pools. The body form of eel like species excludes them from the large fish
category as they regularly negotiate shallow habitats.

Two key design criteria for fishways that determine much of the design are the maximum water
velocity and the maximum turbulence. For Sleng Weir we consider that for 25-600mm fish,
where a high certainty of passage is required, 1.4 m/s is the maximum water velocity
(calculated from head loss per pool) and 30 Watts per cubic metre (W/m3) is the maximum
turbulence. These represent values well within the swimming ability of these smaller species.
For larger fish (e.g. >300 mm) a higher turbulence of 55-70 W/m?3 could be used.

We consider there are two design options that meet these requirements: i) a cone fishway
(Figure 9) and ii) a single vertical-slot fishway (Figure 10). Generic design specifications for a
fishway Sleng Weir are summarised in Table 2, with specific design criteria for these two
options.

=

Figure 9. Example of a cone fishway built in Cambodia at the Romlech Il Weir.
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Figure 10. Example of a single-slot vertical-slot fishway.

A single vertical-slot fishway that meets the key design criteria has 100mm pool drops and
has pools 2.0 m wide by 2.5m long with a slot that is 150mm that would achieve a turbulence
level of 29 W/m3 and would use 12ML/day at low flow and 21.6ML/day at maximum operating
level.

The cone fishway would be 2.4 m wide, with 100m drops between pools that would achieve a
turbulence level of 19 W/m? and would use 4ML/day at low flow and 102 ML/day at maximum
operating level. The higher discharge would provide greater attraction for fish, which is an
important feature during high flows. In this design there is higher turbulence in the middle of
the fishway channel with lower turbulence along the sides.

The width of the downstream pool which is approximately three times as wide as the spillway
on the weir crest precludes any full width fishway options at the site. While a full width design
would provide the best entrance conditions, as it carries all the river flow, any of the
traditional full width fishway options, such as rock ramp fishways, would require significant
side wall construction in the downstream pool to ensure that the fishway is sealed sufficiently
to pass flows over the structure.

3.2 Fishway Entrance

The current configuration of the weir, with a narrow weir crest and flared downstream spillway,
with a very wide downstream pool, limits the configuration for the fishway entrance at the site.

The upstream limit of migration is relatively well defined at this site according to the flows that
are occurring during migration periods. In general, at low flows fish are accumulating across
the width of the lowest step of the apron and spillway (Figure 9), as water dissipates over the

57
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spillway across the full width of the structure an create an attraction zone at the base of the
weir. During high flows the base of the weir very turbulent and fish are forced to the edges of
the spillway on both sides (Figure 11).

Figure 11. Predicted zones of fish attraction at different flows.

As a full width design is unsuitable at the site, we are restricted to providing partial width
fishway channels on either the right or left bank. Entrances is placed at the edge of the flared
section of the spillway on either of the right or left bank (Figure 12) would provide excellent
attraction to the fishway. Entrance location would be close to the edge of the low flow attraction
zone, as well as the high flow attraction zone. Placement of the fishway entrance at this
location would also protect it from high flows over the weir crest, with the highest flows
occurring through the centre of the channel. A fishway entrance placed in this location is likely
to be passed by the majority of fish as they attempt to move upstream towards either the high
flow or low flow zone of accumulation, thus providing the ideal location for a fishway entrance.

o

Figure 12. Recommendations for fishway entrance design; the apron downstream of the
dissipators must be set lower in the blue zone.

—
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The slight offset of the fishway entrance that is recommended above, is an estimate of the
best location for the placement of the entrance and wet commissioning would be required to
ensure that recirculating flows, which disorient fish, are not occurring. If these are present,
rockfill may be required to reduce them.

Criteria 4 — Target entrance locations: The target entrance location for the Sleng Weir should

be on either the right or left bank just downstream of the spillway.

3.3 Fishway Channel

Both fishway designs require a concrete lined channel within which the baffles are located to
break up the flow. At the Sleng Weir, the downstream channel is very wide due to the flat
nature of the catchment, as such any fishway channel that projects downstream from the weir
would require extensive foundation work within the stream channel. An alternative
arrangement for the fishway channel (Figure 13) that better utilises the natural features of the
site is by placement of the channel parallel to the weir axis, which would allow the fishways to
be built into existing fill in dry conditions without negatively impacting the operation of the
fishway.

Figure 13. Potential pathways for the fishway channels at Sleng Dam that best utilise the
natural features of the site.

Criteria 5 — Target channel location: The target channel design for the Sleng Weir should be

parallel with the weir axis along either the right or left bank.

During periods of high flow, it is common for the rising tailwater to submerge the downstream
entrance of the fishway, resulting in the need for an alternative entrance location. This shift in
entrance position also affects the flow patterns within the fishway, potentially reducing its
effectiveness. To mitigate this issue, it is recommended to raise the side walls of the lower
section of the fishway above the level of the downstream poo at high flowl. By doing so, the
attraction flow is maintained at its designated location even during high-flow periods, ensuring
optimal fish attraction to the fishway entrance.

—_—
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Criteria 6 — Target entrance channel height: The lower leg of the channel at the fishway

entrance for the Sleng Weir should be higher than the tailwater level during high flows to
ensure maximised entrance conditions.

3.4 Fishway Baffles

The baffles in the fishway serve the purpose of reducing the flow rate in the channel, thereby
transforming the fast-moving current into a series of slower pools and small falls. The water
flow across the baffles is gentle enough to allow fish to swim upstream, stopping to rest in
each pool as they make their way to the top. Considering the fish species likely to be present
at this site, which mainly consists of small fish species with only a few moderate size species,
a conservative baffle configuration has been selected. This means that the baffle slot widths
(vertical slot) and step heights (Cone and Vertical Slot) have been reduced from a large river
fishway, ensuring low turbulence conditions that does not impeded these generally smaller
fish during their migration.

The standard 300mm cone fishway design has been demonstrated to pass a similar fish
community at the Kbal Hong fishway on the southern side of the Tonle Sap and as such would
be suitable for this site. For a vertical slot fishway, given the generally small size of the fish
community that requires passage at the site, a relatively small slot size of 150 millimetres
would be suitable for the passage of most fish that are likely to occur at the weir. Some of the
larger fish species that are noted, would also be able to use this slot size due to their body
shape and form.

Criteria 7 — Target Fishway Baffles: The target fishway baffles would be either standard

300mm cone baffles or a vertical slot with 150mm slot size.

3.5 Fishway Upstream Exit

To provide optimal conditions for possible downstream migrants, having the exit of the fishway
close, but not too close to the weir spillway (to prevent upstream migrants from being drawn
over the weir), ensures that any fish attempting downstream migration have a readily
identifiable safe pathway downstream by using the fishway. To achieve this the fishway
channel is required to double back on its path towards the weir (Figure 10) and traverse under
the road at a point where the channel does not raise the road but is still close to the weir crest
and would have sufficient natural light to prevent fish refusing to enter the tunnel under the
road.

The control level for the Upstream end of the channel will also need to be controlled to ensure
that water is preserved for irrigation, which is a primary consideration of local operators. As
such a fixed level no greater than 100mm below the spillway crest is required for any fishway
exit. This is easily achieved within the cone fishway as the invert of the cones create a fixed
crest level at which the fishway operates. In this case the invert of the cone fishway would be
set 100 millimetres below the height of the spillway.

In a vertical slot fishway a depth of around 1m needs to be maintained when operating, thus
the floor of the fishway is placed at 1m below the crest level. This will tend to drain the weir
pool when operating.

—_—
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To prevent drainage of the weir pool during the dry season (when the fishway is not operating),
a control weir can be constructed at the upstream exit with a crest level set 100mm below the
main weir crest. In this way the fishway would not be able to draw water below the agreed
minimal operating level, but whenever there is flow within the river channel the fishway would
still operate normally. This would result in a minimum full supply level 100mm lower than the
current control level for the weir. To avoid becoming a barrier, this weir will need to drown out
during operation. This can be achieved by making the upstream exit wider so that the flow is
controlled at the first baffle slot rather than the weir.

Criteria 8 — Target exit configuration: The target fishway exit would located adjacent to the

spillway and have a control weir or gate to ensure no operation below spillway level.

3.6 Fishway Tolerances

When constructing a fishway, it is important to maintain strict tolerances to ensure that the
structure functions effectively. One critical aspect of this is ensuring that the baffle heights are
accurate to within +/- 5mm. Baffles are designed to slow down the water flow in the fishway,
allowing fish to swim up the structure more easily. If the baffle heights are not accurate, it can
result in water flow that is too fast or too slow, making it difficult for fish to navigate the fishway.
This can ultimately lead to the failure of the fishway and negatively impact the local ecosystem.
As such, it is crucial to ensure that baffle heights are carefully measured and maintained to
ensure their effectiveness.

Other aspects of the fishway design are less specific in their tolerances, with pool lengths,
widths, and heights needing to only be accurate to within +/- 20mm.

Criteria 9 — Target Fishway Tolerances: The fishway should be built such that the height of

baffles are accurate to within =/- 5mm and that all other areas of construction are accurate to
=/- 20mm

3.7 Comparison of Options

It is important in the Fishtech Project to provide fishway designs that are cost effective, fits
within the project budget and that has a very high certainty of passing the majority of fish
species that occur at the site. In Table 2 we have compared the two fishway options described
above to assess their potential effectiveness at the Sleng Weir.

The cone fishway functions over the full range of headwater that occurs at the Sleng Weir,
while discharge and turbulence varies with headwater level; there is higher discharges and
turbulence at higher water levels and lower discharges and turbulence at lower levels, Results
from the Kbal Hong fishway demonstrate that peak passage biomass was achieved at high
discharges and this may give this design an advantage at higher flows when the most fish are
migrating.

In contrast, the vertical-slot design has consistent hydraulics over a wide range of headwater
levels but less discharge (Table 2). The higher discharge of the cone fishway provides greater
fish attraction however the greater depth of flow through the vertical slot fishway may
advantage larger fish, which while observed in cone fishways have not been detected in large
numbers to date.

—_—
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Either of the fishway options outlined above would provide suitable fish passage at Sleng Weir.
Both designs have been demonstrated to be successful for a variety of fish species like those

that would occur at Sleng Weir.

Table 2. Comparison of key design differences between the cone and vertical slot fishway

design for Sleng Weir.

Physical
Gradient

Channel width (internal)

Approximate footprint (with turning pools and
large resting pool)

Hydraulics
Maximum velocity

Average turbulence
Discharge

Functional difference

Headwater variation

Fish attraction to fishway entrance (based on
discharge and location)

Predicted Fish Passage
20-100 mm fish

100-600 mm fish (priority)
600-1500 mm fish

N

Charles Sturt
University

X

1:34
2.0m

126m?

1.4 m/s
29 Wm?

Min — 12.7 ML/day
Max — 21.7 ML/day

Full headwater range

Low Flow — High
High Flow - Moderate

Moderate
High

Moderate

9ERC

1:27
2.4m

120m?

1.4 m/s
31 Wm?d

Min — 4.8 ML/day
Max — 102 ML/day

Full headwater range

Low Flow — High
High Flow - High

High
Moderate

Low
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4 Fishway Design Options

Due to the likelihood that both designs would provide adequate fish passage at the site, we
have prepared concept layouts for both a vertical slot and cone fishway. Within the design
layouts we have located the designs with one fishway on each bank, however both designs
could occur on the opposite bank to which they are shown within these drawings.

4.1 Construction Requirements

The plans presented for this fishway report are not intended for construction and should not
be used as such. These plans are intended to provide an outline of the proposed design and
should only be used as a reference point during the development of the final construction
plans. It is important to note that the plans are subject to change as further investigation and
design work is completed.

While details of baffles, pools and deflectors have been provided the specifications for any
walls or foundations have deliberately not been provided and should be established during the
development of the final construction plans to a standard suitable to the country and province
within which construction is being undertaken.

Fishway foundations are integral to the construction any of fish passage structure, as they
enable are often building unstable riverine environments. However, it is often the case that the
condition of these foundations is unknown prior to construction. To mitigate potential risks and
ensure proper design and construction, geotechnical investigations should be undertaken
whenever feasible. These investigations involve thorough subsurface exploration and soil
testing to accurately assess the condition and stability of the foundation material. By
conducting geotechnical investigations, engineers gain crucial insights into the properties of
the underlying soil or rock, allowing them to make informed design decisions and select
appropriate construction techniques.

In situations where geotechnical investigations are not possible or limited, visual inspections
become a valuable alternative for estimating the foundation conditions. By observing and
evaluating the foundations based on visual cues, engineers can gain some understanding of
the potential challenges and limitations posed by the foundation material. Comparisons with
similar known sites can provide valuable insights, enabling engineers to make informed
estimations regarding the foundation conditions and adjust the design and construction
approaches accordingly. While visual inspections are not as comprehensive as geotechnical
investigations, they serve as an important tool in assessing the foundation condition when
other options are not available.

It is essential to emphasise that while fishway designs take into account typical foundation
conditions, it is ultimately the responsibility of the contractor to ensure that the construction
practices are suitable for the actual foundation conditions encountered during the construction
phase. Contractors must adapt their construction techniques to align with the specific
foundation conditions they encounter on-site. Additionally, close collaboration between
contractors and design engineers is crucial when modifications to the original design are
required to cater to the foundation conditions. Consulting with design engineers ensures that
any necessary modifications do not compromise the primary purpose of the fishway, which is
to facilitate the successful passage of fish.

—
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It should also be noted that while cheater boards are not intended to be placed along the weir
crest to increase its height, the fishway has been designed without the use of cheater boards.
This means that the structure has been optimized to allow for efficient and effective fish
migration without the cheater boards in place on the weir. If it is decided that cheater boards
are to be used in the future, a different design may be required to ensure that they can be
added without negatively impacting the functioning of the fishway. Any modifications to the
design of the fishway should be carefully considered to ensure that the structure remains safe
and effective at passing fish. As such, the addition of cheater boards or any other modifications
to the design of the weir should only be made after careful consideration and consultation with
the relevant experts in the field.
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5 Recommendations

In summary, both a vertical slot and cone fishway would be an effective design for
providing fish passage past the Sleng Weir. A vertical slot fishway is a reliable option
that is effective for a wide range of fish species over a wide headwater range. While
the cone fishway is equally effective at providing fish passage and excels at generating
large volume attraction flows. Ultimately, the choice of fishway design for the Sleng
Weir will depend on a variety of site-specific factors, including fish species, available
space, and project goals.

As such, it is recommended that:

1. In the first instance that a vertical slot fishway be installed at the Sleng Weir, as
this is a new design for Cambodia and would provide an effective fishway with
great opportunities to learn how lower Mekong fish interact with vertical slot
fishways.

2. If monitoring shows that there are enough fish present, a cone fishway could be
installed on the opposite bank in the second year of the project. This approach
would offer a more diverse range of options for fish passage and increase the
likelihood of passing more fish through the barrier. Additionally, a dual bank
fishway of alternate designs would serve as an excellent educational tool, helping
to raise awareness and promote conservation efforts.
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7 Appendix 1 - Masterclass Attendees

Thank you to all Masterclass attendees who assisted with the development of fishway
designs for the Sleng Weir. The contributions made by masterclass participants were
invaluable to understanding conditions in Cambodia and how fish passage could be
implemented at the site. The fishway design that has been developed from this
collaboration will benefit fish populations and the ecosystem and become a great
educational tool. | look forward to seeing the positive impact of our designs on the fish

community of this system in the future.
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