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ABSTRACT 

Tube Fishways are an emerging new technology to restore upstream passage of migrating 

fish. They address the developing global issue of disruption of riverine pathways by hydraulic 

barriers. This disruption has led to the population collapse of migrating fish communities in 

Australia and world wide, leading to significant ecosystem impacts and disruption of human 

food systems. In this contribution we describe recent progress towards reliable field 

operation of the Tube Fishway, including the safe lift of fish over vertical distances exceeding 

8 metres and the attraction of fish into the transfer chamber of the fishway. The techniques 

for lifting fish have changed and developed as the lift distance has progressed from 1 to 4 to 

8 metres. Specifically, it has been necessary to replace the dual attraction/lift mechanism 

possible for low lift applications with a propulsive method which allows the lifting of fish at 

near-atmospheric pressure across low to high head barriers without causing barotrauma in 

fish. Increasing the elevation of lift has increased the transport velocities of the fish with 

potential negative impacts due to the turbulent nature of the unsteady surge, possible wall 

impacts of fish and intense accelerations around system bends. Increasing transport 

velocities have also increased air entrainment at the moving free surface. This has potentially 

beneficial effects by ensuring high oxygen levels and cushioning for the transported animals. 

The end goal is unattended systems in the field. Therefore, it is critical that fish be reliably 

attracted into the base (transfer chamber) of the fishway. A sequence of studies have 

demonstrated reliable means of achieving this. Automatic field operation requires 

understanding of both fish behaviour and the constraints of real river systems. The critical 

considerations to achieve this are presented as well as an appraisal of the limitations of data 

systems under field conditions. 

INTRODUCTION 

Hydraulic Structures and Fish Passage Disruption 

High-head hydraulic structures such as dams as well as low-head hydraulic structures, e.g. weirs, have 

been constructed for thousands of years (Schnitter 1994). Dams typically block the entire flow across 

the valley, while weirs are constructed across a stream. Dams have many purposes including flood 

mitigation, water supply, hydropower generation and recreation. Large dams typically do not overtop 

except perhaps during floods. Dams which do not overtop have spillways to safely discharge flows 

downstream when the dam storage capacity is exceeded. Weirs are typically smaller than dams and 

while they may have with similar purpose to high-head structures, they are often designed to control 

and maintain water levels in streams. Water flows over the top of weirs except periods of very low 

flows. Figures 1 and 2 show a dam and weir structure respectively.  



 

 

 

Figure 1. A photograph of the dam creating Lake Parramatta in Sydney, Australia. This dam is 

believed to be the oldest in Australia and was originally constructed from cut stone. More 

recently it has been capped in concrete. During periods of high rainfall, floodwaters cascade 

over the dam crest. The dam is approximately 20 metres high. This dam overtops rarely but is 

designed to overtop and has no dedicated spillway. 



 

 

 

Figure 2. A photograph of Mangrove Creek Weir which is located to the north of Sydney, 

Australia. This concrete structure is only approximately 2 metres high but allows pump intakes 

to divert water from the creek upstream of the weir for water supply. 

 

Fishways 

Although images of salmon leaping up rapids are widely admired, weirs and dams are barriers for fish 

as they move upstream and downstream to feed, spawn and breed. Fish may be able to migrate 

downstream with the water overtopping weirs and spillways. However, the water speeds are usually 

too high for fish to be able to move upstream against the flow. 

Over the last approximately 70 years, the catastrophic impact of dams and weirs on native fish 

populations has becoming increasing apparent (Agostinho et al., 2008; Roscoe & Hinch, 2010; Harris 

et al., 2017). In many locations in the world, populations have collapsed of those fish that live in 

rivers for a portion of their lifecycle. Note that many, if not all, species of fish rely on migration to 

complete some aspect of their life cycle.  

Fishways have been developed to restore fish migration across weirs and dams. Typically, fishways 

are sloping ramps connecting the crest of a weir with the river downstream. Some of the water 

overtopping the weir is directed into the fishway. Fishway slopes are sufficiently gentle that fish can 

dart between pools of reasonably slow flowing water behind obstacles in the fishway. In this way, 

upstream migrating fish can work their way from the river downstream, up the fishway, over the top 

of the weir and further upstream. (Rajaratnam, & Katopodis, 1984; Rajaratnam, Van der Vinne & 

Katopodis, 1986; Katopodis, 2005; Hoitink, Dommerholt & van Gerven, 2008; Baki, Zhu, & 

Rajaratnam, 2014) 

For a large dam, designing a fishway is much more difficult. To make a gently sloping ramp from the 

river downstream to the crest of the dam requires major construction that would rival the cost of the 

dam itself. Also, it is difficult to have water flow down any sloping ramp because there is generally no 

water near the crest of the dam. The fish have to be lifted over the dam crest to the water stored 

upstream of the dam (the reservoir). For dams, special fishways called fish locks or fish elevators 

have been developed which can lift fish vertically (Clay, 1995; Gough et al., 2012). These types of 

fishways have had significant operational challenges. Recently, there has been success with so-called 

trap and haul systems. In this case, fish are caught downstream of a dam and trucked for release 

upstream. Trap and haul systems cannot operate without intervention. 

 

Tube Fishways 

Over the past few years, new closed conduit technologies have been developed to provide upstream 

passage for fish. Garavelli et al. (2019) describe a system using air pressure to propel adult Rainbow 

Trout (Oncorhynchus mykiss) and adult Chinook Salmon (O. tshawytscha) through an enclosed tube 



 

 

over 30 m up an unspecified slope. Harris et al. (2020) attracted juvenile Australian bass (Percalates 

novemaculeata) into a 400 mm diameter transfer chamber, entraining and delivering them vertically 

via a tube of 1 m length and 50 mm diameter to a reservoir above.  

A tube fishway is a self-powered water propulsion system that lifts volumes of water containing the 

animals at near atmospheric pressure up and over the hydraulic structure (Harris et al., 2020; Peirson 

et al., 2021) (Figure 3). 

 

Figure 3. A schematic diagram illustrating the operating cycle of a Tube Fishway. Flow over the 

weir is from left to right. Note that the transfer chamber must be embedded within a larger 

scale attraction discharge over the weir. 



 

 

 

The functional components of a tube fishway are illustrated in Figure 3 and are as follows. A delivery 

conduit is a pipe which transports the fish from below the weir to a point above the weir. The transfer 

chamber is a short section of pipe section lying horizontally in the water below the weir. The transfer 

chamber is used to attract and trap fish migrating upstream. One end of the transfer chamber is 

connected to the lower end of the delivery conduit. An inlet pipe remains filled with water from above 

the weir. Its lower end is connected to the transfer chamber. A gate is fitted to the open end of the 

transfer chamber to enable system pressurisation. A valve is fitted to the lower end of the inlet pipe 

just above the connection with the transfer chamber. This valve controls discharge from the inlet 

conduit to the transfer chamber. 

The operating sequence of a Tube Fishway is summarised by the panels in Figure 3. When the gate is 

open, a continuous small flow emerges from it which attracts fish migrating upstream into the transfer 

chamber (Panel 1). When the gate is closed, fish are trapped in the transfer chamber and the transfer 

chamber can be pressurised (Panel 2). When the inlet valve is opened, pressure within the inlet 

conduit forces flow into the transfer chamber and to surge up the Tube Fishway, carrying fish trapped 

in the transfer chamber up the fishway to deliver them upstream at a higher level that the static level 

of the upstream reservoir (Panel 3, Peirson et al., 2021). Fish are released upstream of the weir (Panel 

4). The delivery conduit drains via the transfer chamber to enable the pumping sequence to commence 

again (Panel 5). Please note that multiple sizes and different species of fish can be delivered at the 

same time. 

The description above applies to weirs where the upstream water levels are in proximity with the weir 

crest. For a dam, where the water level may be some distance below the crest, a small auxilary 

reservoir above the crest or, possibly, a pump may be used to provide the additional energy required 

to discharge fish over the crest to the reservoir upstream (Peirson et al., 2021). 

In this contribution we describe recent progress towards reliable field operation of the Tube Fishway. 

We do this by describing the processes of attraction, capture, transport and the automated combination 

of these processes within a large-scale laboratory complex. We finish with concluding remarks that 

identify key challenges for field deployment and how we plan to address these. 

 

ATTRACTION 

The initial successful work to attract fish into a transfer chamber was accomplished by Harris et al. 

(2020). Vertical and horizontal-cylinder designs were investigated using Australian Bass (Percalates 

novemaculeata). Harris et al. (2020) found that a 400mm diameter horizontal-cylinder design with 

appropriate attraction flows successfully achieve reliable attraction through a slotted entrance. 

Manually-operated sliding horizontal gate and an internal trap mesh was used to capture the fish. 

Three key principles of fish behaviour in fishways were found to be important to the successful 

design: disturbed fish often seek refuge at depth; fishes’ escape reactions strongly motivate swimming 

into flows; and, smooth entry pathways can reduce delays. In terms of practical transfer chamber 

design, it was necessary to apply the attraction flows to the upstream end of the chamber, to ensure 

that the base of the transfer chamber was in proximity with the bed of the collection bay from which 

the fish were approaching, and, to minimise any bends or curves in the trajectory taken by the 

approaching fish into the transfer chamber.  

During this study, the attraction flows were also leveraged to achieve non-volitional transfer of the 

fish once the transfer chamber gate was closed. In nine trials of the best fishway design, 44 of 45 

Australian bass were transferred. The average required time to transfer the fish was 19 minutes. 

Successful attraction was also achieved during studies to demonstrate safe vertical transfer of fish 

(Peirson et al., 2021). In this case, a scaled-down version of the transfer chamber of Harris et al. 

(2020) with a diameter of 0.086 m was used. A small attraction flow of approximately 2 L/s was 

applied to the upstream end of the transfer chamber. Fish were captured by an 8mm thickness 

plexiglass flange fitted with a gate. A pneumatic actuator controlled the opening of the gate. Six 

Silver perch (Bidyanus bidyanus) of approximately 100 mm length were acclimated locally. 

Individual fish were extracted and released individually within a collection bay. Each fish entered the 



 

 

transfer chamber within a few minutes. 

Extensive further testing has been undertaken by Farzadkhoo et al. (2021) who have established that 

the highest entry rate of Silver perch is achieved with an attraction velocity of 0.15 m/s for transfer 

chamber sizes ranging from 0.1 to 0.4m in diameter (Figure 4). The work being undertaken during 

this phase of the study is extensive and more results including different species and entry 

arrangements will be available soon. 

 

Figure 4. Photos of a group of silver perch being attracted into the transfer chamber of the 

Tube Fishway 

 

In terms of readying the Tube Fishway for field deployment, the efficacy of attraction flows for 

specific species of Australian native hatchery fish is developing. These can be compared to very 

limited field studies which show that velocities must be less than 0.66 and 1 m/s respectively for 

passage of 95% of migrating juvenile Barramundi (Lates calcarifer) and Australian bass (Mallen-

Cooper, 1992).  

It is important to note that successful attraction requires that fishway entrances be embedded within 

larger scale flows bypassing a hydraulic structure so that fish migrating upstream are attracted to the 

base of the fishway (Bunt, 2001). 

CAPTURE 

Investigations of the capture of fish in transfer chambers have not been as extensive as for attraction. 

Harris et al. (2020) deployed a fish trap inside the transfer chamber to prevent fish from leaving once 

they have entered. The incorporation of traps into Tube Fishway systems presents two significant 

complications. The first is possible damage to the trap or damage to captured fish once the transport 

cycle commences. High velocity flows entering from the inlet conduit might drive fish into the mesh 

of a porous trap or the fluid drag on the trap may damage it. The second is that there will be water 

borne debris in real river systems which will tend to be captured by the porous mesh of the trap. This 

could result in blockage of the trap or the transfer chamber being filled with debris retained by the 

trap. 

Consequently, during the investigations reported by Peirson et al. (2021) no trap was used. An infra-

red fish detection system was developed that could trigger closure of the transfer chamber entry gate 

once fish had progressed sufficiently into the system. However, this approach was discontinued as any 

infra-red detection system may be compromised at high levels of turbidity that are likely to occur 

during small fresh events that may trigger fish migration (Baumgartner et al., 2010). Instead, the gate 

was closed once fish had been observed to enter the transfer chamber. 

More recent studies by Farzadkhoo et al. (2021) have shown that without a trap in place, over 

extended periods fish will continue to enter and leave the transfer chamber. Further present work is 

quantifying the increased capture rate that can be achieved with a trap in place as well as the 



 

 

development of potentially novel trap designs that will be not subject to fouling issues. 

 

TRANSPORT 

Harris et al. (2020, Figure 5) demonstrated an elegant fish attraction/entrainment arrangement that 

only required closing of the transfer chamber gate to trigger initiation of fish vertical transport via the 

delivery conduit. While satisfactory for small vertical lift distances, this approach requires 

pressurisation of the transfer conduit for large vertical lift, which may cause barotrauma to fish left in 

the transfer chamber. Consequently, we sought a solution that would ensure that fish could not remain 

within the transfer chamber once the transport sequence was initiated. 

The transport system illustrated in Figure 3 was developed. Once the inlet valve is opened, the 

potential energy of the water stored in the inlet conduit and entering from the reservoir upstream is 

converted into increasing kinetic and potential energy within the delivery conduit. As water enters the 

transfer chamber, fish are entrained and surge with the water up the delivery conduit. An unsteady 

discharge occurs during the peak of the surge delivering fish into the upstream reservoir. During this 

process, the pressures imposed on the original transfer chamber contents (including the entrained fish) 

remain in proximity with atmospheric. 

This system has been tested extensively and shown to have no discernible negative impacts on the 

transported fish over a two week post-test monitoring period. Peirson et al. (2021) report field-scale 

testing of the tube fishway undertaken on a steep (30° slope) 8 m embankment at the UNSW Water 

Research Laboratory. Two phases of testing were undertaken, initially with juvenile Australian bass 

approximately 80 mm in length and then with Silver perch approximately 100 mm length. A key 

observation that emerged during the studies described by Peirson et al. (2021) is that air is actively 

entrained at the moving free surface in field scale facilities. This has potentially beneficial effects by 

ensuring high oxygen levels and cushioning for the transported animals. 

Far more extensive testing has since been conducted using electronic tracers (10 replicates) and live 

fish (70 replicates) demonstrating reliable delivery of the transfer chamber content to a delivery 

reservoir 4 metres vertically above the transfer chamber. Further, no negative impacts on the live fish 

could be identified that were attributable to their transport by the Tube Fishway. Some minor bruising 

on the noses of the largest Silver perch tested (fish length/tube diameter =1.6) may have occurred but 

this vanished during the post-test monitoring period. 

The electronic tracer work confirmed that the pressures experienced during the transport sequence 

remained in proximity with atmospheric. However, exposure to very high accelerations (of order ten 

times gravity) was recorded. These high accelerations appear to be either rotational, as the transported 

fluid travels through bends in the delivery conduit, or due to impacts with the conduit walls.  

Preliminary work by Kammanankada (2020) included quantifying the pressure and acceleration 

exposure of animals transported through pipe transitions as well the behaviour of transiting fish. Much 

more extensive testing is presently underway as this may have significant implications for much 

larger vertical lift distances when high velocities interact with pipe transitions. 

 

AUTOMATION 

During the studies of Harris et al. (2020), and Peirson et al. (2021) all operations were controlled 

manually. An automated Tube Fishway has now been established at the UNSW Water Research 

Laboratory suitable for lifting fingerlings over low weirs and barriers (1 m vertical lift). This Tube 

Fishway operated continuously for two weeks without disruption prior to reconfiguration for tests 

with live hatchery fingerlings. An annotated photograph of the autimated Tube Fishway is shown in 

Figure 5. 

System operation can be observed in two videos available via hyperlinks. A video from above shows 

the delivery of water to the reservoir upstream https://unsw-

my.sharepoint.com/:v:/g/personal/z8303407_ad_unsw_edu_au/EXneMJ66UmJNrvdg-

Aoc8sEBHOEgAmAku7uRjtr-fEjhZA?e=5sQGy8; and in a second video (https://unsw-



 

 

my.sharepoint.com/:v:/g/personal/z8303407_ad_unsw_edu_au/EUb16FTxdMdLgiNy9B_zcEEBW9V

lSG5zlAmKb_se7EDSwA?e=8xKsQx), the delivery of water occurs approximately 20 s into the 

video and the system drains ready to receive fish at approximately 50 s into the video.  

Any fishway is overtopped by minor floods and it is essential that field installations be able to resume 

operation without intervention. To achieve this, the valve and gate system has been designed around 

off-the-shelf pneumatically-actuated butterfly valves. Control of the butterfly valves can be located 

outside of the flood zone and is exercised by 12V circuitry and compressed air. 

 

 

Figure 4. An annotated photograph of the automated Tube Fishway viewed from downstream. 

This system has been designed to lift small fingerlings over barriers of 1 m height. Visible 

components are indicated by the red text. 

 

CONCLUDING REMARKS 

Tube Fishways are an emerging new technology to restore upstream passage of migrating fish.Their 

performance is now well-established in the laboratory accompanied by a demonstrated set of 

numerical tools for their hydraulic design. Recent work demonstrates the reliable safe lift of 

Australian native hatchery fish over vertical distances exceeding 8 metres, the attraction of fish into 

the transfer chamber of the fishway and unattended hydraulic operation.Further work in the laboratory 

is presently quantifying fish capture efficiency and possible injury to fish due to high veloity transport 

though hydraulic transitions. 

The end goal is unattended systems in the field. Consequently, a system has been adopted that 



 

 

removes the control components from the flood zone, leaving only pneumatic-actuated valves, 

pipework and supporting infrastructure exposed to flood waters. Housing the system within 

conventional stormwater pit structures should increase flood resilience and minimise opportunities for 

vandalism. 
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