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The construction of dams and other artificial in-river barriers has contributed to the decline in freshwater 
fish populations world-wide due to damaged river connectivity and disruptions to fish migration. Fishways 
are structures that can mitigate these harmful effects by providing fish with a safe passage to navigate across 
barriers without undue stress, delay or injury. Despite feasible but expensive fishway solutions for small 
barriers, for large dams fishways are rare and often impeded by poor performance and high costs. One 
potential solution for this problem is the Tube Fishway, an innovative fishway design that utilises an unsteady 
flow surge to transport fish in pipes over dams at much steeper slopes than traditional fishways. 

This study investigates the application of the Tube Fishway at three existing large dams in Australia. First, 
a numerical model was developed to undertake hydraulic analyses of the Tube Fishway using unsteady pipe 
flow hydraulics, which was validated using experiments on a small physical model. In parallel, a screening 
process was undertaken to identify suitable dams for development of conceptual Tube Fishways using site-
specific characteristics and local fish population data resulting in the selection of Brogo Dam, Menindee 
Weir and Tallowa Dam. Finally, the numerical model was used to analyse the hydraulic performance of the 
proposed Tube Fishways at each of the dam sites. 

The hydraulic results of this study indicate that Tube Fishways may be a feasible solution to transport fish 
over the selected dams. However, further research is needed to ensure that fish can be safely transported 
across large dams. This new technology could potentially be a low-cost and effective solution to provide fish 
passage at large dams and help restore Australian freshwater fish populations.  
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Introduction 

The sustainable design and operation of dams requires the engagement of multidisciplinary experts from 
government, industry and academia to ensure a holistic assessment that considers the interests of society, 
environment and the operator (Felder et al., 2021). Climate change is predicted to lead to more intense rainfall 
and flooding. Existing - and often aging - dams will require upgrades, while new dams may need to be built to 
help with flood mitigation, water supply and hydropower generation. Upgraded or new dams must minimise their 
ecological impact including in terms of disruption to fish migration and sustainable solutions must be found. 

Global freshwater fish populations are declining rapidly. In Australia’s largest river system, the Murray-Darling 
Basin, native fish populations have reduced by 90% since pre-European settlement levels (MDBC, 2004) and of 
the 315 Australian freshwater fish species, approximately 30% are considered threatened with recent studies 
identifying 20 species that face extinction over the next 20 years (Lintermans et al., 2020). Whilst many human-
induced factors may have contributed to this decline, the construction of dams has had a detrimental impact on 
native fish populations in Australia (Cadwallader, 1978; Mallen-Cooper & Brand, 2007) through damaged river 
connectivity and disruption to fish migrations (Thorncraft & Harris, 2000). Fishways are structures that can 
mitigate these harmful effects by providing fish with a safe passage across dams to enable fish migrations (Clay, 
1995). Despite this, fishways have only been installed at < 3% of dams in Australia (Harris et al., 2017), and very 
few of these fishways are considered effective (Bunt et al., 2012). Whilst there has been some success at providing 
fishways at smaller low-head structures (< 5 m in height) through conventional fishway designs (e.g., vertical-slot 
fishways) (Barrett & Mallen-Cooper, 2006; Duncan et al., 2014) fishway performance for large dams is lagging 
behind (Harris et al., 2017).  

Existing fish passage options for large dams include mechanical designs such as fish lifts and fish locks, however, 
these fishways suffer from high costs and often poor reliability due to operational issues (e.g., fish lift of Tallowa 
Dam) (Walsh et al., 2014). Whilst trap-and-haul systems have shown to be effective at some large dams (e.g., 
Hinze Dam) (Harris et al., 2019; O’Brien et al., 2008), they can be limited due to their reliance on manual 
operations by on-site personnel. Overall, high costs and poor performance are key factors preventing the 
installation of fishways at large dams (Harris et al., 2017; Thorncraft & Harris, 2000). There is a need for more 
effective fishway types that provide a solution to fish transport across large dams. Recently, innovative fishway 
designs have been developed to transport fish upstream over large dams in closed conduits. In North America, the 
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“Whoosh” system has grown in popularity and has been used to transport adult salmonids over large dams through 
air in a vacuum-based system (Garavelli et al., 2019). Although this technology has been shown to be effective at 
some North American large dams, it has not yet been trialled in Australia because it is designed to transport only 
large adult fish. The attraction of this system is also not well-suited to Australian native fish species that do not 
possess the swimming ability of their North American counterparts.  

Recently a new fishway type called the Tube Fishway has been developed for Australian native fish species as an 
innovative and cost-effective fishway design, which has shown promising laboratory results in terms of fish 
attraction (Harris et al., 2020, Farzadkhoo et al., 2022), injury-free lifting of fish (Peirson et al., 2021a, 2022) and 
automated continuous operations (Peirson et al. 2021b; Felder et al., 2022). These results also indicate that the 
Tube Fishway could potentially be scaled up to dams over 100 m high using its innovative lifting mechanism 
(Peirson et al., 2021a). Herein this study explored potential concept designs and hydraulic performance of Tube 
Fishways to transport fish across large dams. 

Background on Tube Fishway 

The Tube Fishway has been developed by a multidisciplinary group of engineers and scientist from UNSW 
Sydney at the UNSW Water Research Laboratory. Initial fishway concepts were trialled based upon the principle 
of combining established fishway techniques with passive-transport systems used in aquaculture (i.e., salmon 
farms), which led to the design of the transfer chamber (Harris et al., 2020) used to attract fish into the Tube 
Fishway. Farzadkhoo et al. (2022) further showed that juvenile Australian bass (Percalates novemaculeata) and 
silver perch (Bidyanus bidyanus) could be attracted into transfer chambers with different chamber sizes. An 
innovative lifting mechanism based upon unsteady surges in pipes was developed and shown to safely lift fish in 
Tube Fishways to heights of 4 and 8 m (Peirson et al., 2021a, 2022). The impacts of transporting fish in Tube 
Fishways were investigated through an experimental study of both live fish and a combined acceleration and 
pressure sensor. The results of this study provided important guidance on the pressures and accelerations that fish 
would experience during the Tube Fishway transport (Peirson et al., 2022). No fish were injured despite large 
accelerations during the unsteady lifting process in particular at sharp pipe bends. A fully automated Tube Fishway 
model has been developed and first field trials are about to commence (Peirson et al. 2021b; Felder et al., 2022). 

The operation of the Tube Fishway involves two main phases: (a) attraction of fish into the transfer chamber 
located in the downstream reservoir of a dam and (b) lifting of fish with an unsteady surge at near atmospheric 
pressures up and over dams (Peirson et al., 2021a; Felder et al., 2022). The conceptual operation of a Tube Fishway 
at a large dam is illustrated in Figure 1 comprising the following steps: 

1. Fish are attracted into the transfer chamber via small attraction flows, whilst water from the upstream dam 
reservoir is pumped into a relatively small supply reservoir located on the dam crest.  

2. Closing of the gate to the transfer chamber traps fish inside the transfer chamber of the fishway. 
3. Opening of a second valve initiates the downstream acceleration of water at rest in the inlet pipe, which surges 

through the transfer chamber upwards along the delivery conduit. 
4. Delivery of a volume of water including the trapped fish to the delivery reservoir, which is a second small 

reservoir found on the dam crest. Once fish have been delivered the valve to the inlet conduit is closed 
stopping the flows to the delivery conduit. 

5. Once sorting of fish in the delivery reservoir is completed (e.g., removal of pest species) fish are released via 
the exit chute to the upstream reservoir. The gate to the transfer chamber is opened, draining the delivery 
conduit and the cycle repeats. 

Methodology 

This study investigated the conceptual installation of Tube Fishways at three existing large dams in Australia. 
First, a numerical model was developed to undertake hydraulic analyses of the Tube Fishway using unsteady pipe 
flow hydraulics, which was validated using experiments on a small physical model. Next, a screening process was 
undertaken to identify suitable dams for development of conceptual Tube Fishways designs using site-specific 
characteristics and local fish population data. Finally, the numerical model was used to analyse hydraulic 
operation for each of the proposed Tube Fishway designs. 

Numerical model development 

The development of the numerical model for the Tube Fishway is based on principles of unsteady flow in closed 
conduits. Unsteady flow refers to flow that varies with respect to time. Flow phenomena such as surges and water 
hammer are examples of unsteady flows, which can be triggered in many ways, such as the opening or closing of 
a valve in a pipeline. In the case of the Tube Fishway, it is the opening of a valve, which causes an unsteady surge 
of water at rest to transport and lift the contents of the transfer chamber (water and fish) to overcome the barrier 
imposed by the large dam (Peirson et al., 2021a). Peirson et al. (2021a) introduced the numerical model to generate 
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the surge of the Tube Fishway, which is based upon the modified version of Euler’s equation of motion along a 
streamline in the unsteady form: 

𝜕𝑣

𝜕𝑡
=

𝑔

𝐿
𝑍 , − 𝑍 , − (𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑙𝑜𝑠𝑠𝑒𝑠 + 𝑚𝑖𝑛𝑜𝑟 𝑙𝑜𝑠𝑠𝑒𝑠) (1)  

where: 𝜕𝑣/𝜕𝑡 is the acceleration of the surge; g is gravity; 𝐿  is the total length of the fluid column at time (t); 
and 𝑍 ,  and 𝑍 ,  represent the water elevations in the supply reservoir and delivery conduit, respectively at time 
(t). Since this equation is defined by a non-linear partial differential equation with no closed solution, numerical 
methods are required to solve the equation. The numerical model of Peirson et al. (2021a) was converted into a 
numerical code in Python. Euler’s method was used to numerically solve the differential equations defining 
unsteady flow for initial boundary conditions. This numerical method was used to predict values of the position 
of the delivery conduit free surface (x) and velocity (v) through a process involving linear extrapolation over the 
time step size (∆t). The step size (∆t) was systematically reduced until convergence of results was achieved.  

  
Figure 1 Schematic showing conceptual operation of a Tube Fishway at a large dam; sequence in clockwise direction (Figure 
modified from Peirson et al. (2021a)) 
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Experimental validation 

The numerical model was validated against a small Tube Fishway model. Experiments were conducted in 
November 2021 at the UNSW Water Research Laboratory. The experimental set-up of the Tube Fishway model 
was approximately 1 m in height (Figure 2). Two transparent PVC pipes with a diameter D = 40 mm were used 
for both conduits and an artificial fish was used to aid the tracking of the rising free surface in the delivery conduit. 
A conventional HD camera was positioned above the Tube Fishway to record the motion of the free surface in the 
delivery conduit during experiments. Three elevation ratio Z1/Z2 between the supply and delivery reservoirs 
scenarios were tested during the experimental program. Video recording of the free surface was imported into the 
physics-based motion tracking software, Tracker (Brown et al., 2022), for post-processing of results. 

Overall, the experimental results showed good agreement with the numerical model and the artificial fish was 
successfully transported in all test cases. The numerical model could predict the volume of water transported 
within accuracy <1% and the profile of the free surface in the delivery conduit compared well with experimental 
results (Figure 2). Based on these results, the numerical model was deemed sufficiently accurate at assessing fluid 
behaviour in the Tube Fishways for the large dams. For further details please refer to Ostrovsky (2021). 

  
Figure 2. Experimental validation of the numerical model: Left figure: Tube Fishway experimental setup; Right figure: 
Comparison of surge front propagation in experiments and numerical model for Z1/Z2 =1.15. 

Identifying suitable dams for concept design of Tube Fishways 

A comprehensive screening process was undertaken to identify suitable dams for conceptional Tube Fishways 
designs. This study adopted a multi-staged screening process, which assessed over 140 large dams located in NSW 
and ACT. Selection of the preferred dams involved a screening approach based on a range of physical, biological 
and technical factors. This multi-staged screening approach comprised: 

 Primary screening involved a high-level screening of all large dams in NSW and ACT based on freely 
available information. Primary screening criteria was based on the likely fish presence downstream of the dam 
using NSW Fish Community Status data (Riches et al., 2016). 

 Secondary screening involved undertaking a multi-criteria analysis (MCA) to rank and identify suitable dams 
for the Tube Fishway. MCA criteria included: (1) local fish community status, (2) presence of any threatened 
species, (3) cold water pollution mitigation at dam (e.g., multi-level offtakes), (4) size of potential upstream 
fish habitat, (5) number of downstream barriers, (6) overall proportion of catchment obstructed, and (7) 
technical complexity of site (e.g., site construction access). 

MCA results are shown diagrammatically in Figure 3 (Note that a larger grey circle indicates a better MCA score). 
These results were overlayed with NSW Community Fish Status data and other large dams in NSW/ACT. Further 
information defining the criteria, weighting, and scoring system for this MCA can be found in Ostrovsky (2021). 
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Figure 3. Map of the results of the MCA including dams with high MCA scores shown as largest grey circles. 

Based on the MCA results, three large dams were selected for the development of conceptual Tube Fishway 
designs comprising Brogo Dam, Menindee Weir and Tallowa Dam. A summary of key dam data for these sites is 
shown in Table 1 including basic details on the dams and photos. Hydrological data for these three sites was 
sourced from the WaterNSW real-time monitoring dataset (WaterNSW, 2021) to determine reservoir storage 
levels. Local fish community data was obtained from NSW DPI fisheries catch data (NSW DPI, 2021) for nearby 
fish sampling sites. Local fish data was used to identify the fish species and sizes found downstream of each dam. 
Typically, most fish encountered at these sampling sites were small <100 mm in length as shown in Figure 4. 

Table 1. Summary of basic dam data for selected dam sites 

Name Brogo Dam 
Menindee Weir  
(Lake Wetherell Outlet) 

Tallowa Dam 

Type Concrete Faced Rockfill Earthfill Embankment Concrete Gravity 

Height 43 m 18 m 43 m 

River Bega River Darling River Shoalhaven River 

Photo 

 
Source: ANCOLD 

 
Source: GHD Pty Ltd 

 
Source: WaterNSW 
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Figure 4. Typical distribution of sampled fish sizes across the sampling sites: Menindee Weir. Source data: NSW DPI (2021) 

 

Conceptual Tube Fishway designs 

Conceptual Tube Fishway designs were developed for the three selected dam sites as shown in Figure 5. For each 
design, the components of the Tube Fishway were positioned based on site characteristics. For Brogo Dam (Figure 
5a) the inlet and delivery conduits were located on the left abutment to exploit the relatively uniform embankment 
slope and minimise sharp pipe bends, which can result in large accelerations to fish travelling through the fishway. 
For Tallowa Dam (Figure 5b), the fishway was located on the existing Tallowa Fish Lift crane rail alignment to 
use existing piers as structural supports for the new pipelines. For Menindee Weir (Figure 5c), the Tube Fishway 
was located near the spillway, however, an alternative site was identified further along the western levee near the 
Lake Wetherell Outlet Regulator. Due to the meandering nature of the Darling River, locating the fishway at the 
outlet regulator provided a relatively shorter distance for the Tube Fishway as compared to the location 
immediately downstream of Menindee Weir. A typical entrance to the transfer chamber is shown in Figure 5d, 
however, it is possible that this entrance would be incorporated with a small section of a conventional fish design 
(e.g., vertical-slot) as shown in Tallowa Dam, so fish can find the entrance of the fishway within the river. 

Exemplary hydrodynamic results are shown for Tallowa Dam in Figure 6, and the key results are summarised in 
Table 2 for all dams. Further results can be found in Ostrovsky (2021). For all three dams, the numerical model 
predicted volume delivery times less than a few minutes for dams between 18 to 43 m in height. While these 
results are specific to the details in each of the Tube Fishway conceptual designs, they highlight that fish can be 
transported rapidly for each of the concept design using unsteady surges. This means that the Tube Fishway can 
be applied to a range of dam types at varying slopes. For steeper Tube Fishway designs, there was a relatively 
larger volume of fluid delivered at a shorter delivery time as compared to Tube Fishway designs at milder slopes. 
For example, the Tube Fishway design at Tallowa Dam had a similar delivery time to Menindee Weir, although, 
the Tallowa design had a longer delivery conduit length at a much steeper slope. This highlights that the Tube 
Fishway is not constrained for sites where fish need to be transported at large vertical distances or over a steep 
slope, which would not be the case for conventional fishway designs.  

A sensitivity analysis was undertaken for Brogo Dam considering the effects of increasing friction coefficients 
associated with pipe roughness and losses at bends. These results showed that there is a damped response for the 
velocity of the free surface for increased friction, however, this did not significantly affect the volume transported 
when the elevation ratio was Z1/Z2 > 1.0.  
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Figure 5. Conceptual Tube Fishway designs: (a) Brogo Dam; (b) Tallowa Dam; (c) Menindee Weir; (d) Entrance at transfer 
chamber 

 

  
Figure 6. Typical results from numeric model shown for Tallowa Dam: Left figure: Distance of free surface of rising surge in 
delivery conduit; Right figure: Velocity of rising surge. 
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Table 2. Summary of key hydraulic results for the three dam sites 

Results Brogo Dam 
Menindee Weir  
(Lake Wetherell Outlet) 

Tallowa Dam 

Total pipe length L = 412 m L = 133 m L = 168 m 

Pipe diameter D = 400 mm D = 450 mm D = 400 mm 

Pipe slope angle 12 to 15 degrees 15 degrees 
33 degrees (weighted 
average)  

Reservoir area 3.5 m by 3.5 m 3.0 m by 3.0 m 3.0 m by 3.0 m 

Supply reservoir water depth 2.5 m 2.0 m 2.4 m 

Elevation ratio Z1/Z2 = 1.06 Z1/Z2 = 1.17 Z1/Z2 = 1.06 

Total volume transported V = 4.94 m3 V = 8.02 m3 V = 9.59 m3 

Time to reach delivery reservoir 1 min 59 s 24 s 24 s 

Time for volume delivery 2 min 44 s 47 s 50 s 

Max velocity 4.24 m/s 4.10 m/s 4.30 m/s 

Max acceleration 1.94 m/s2 1.57 m/s2 4.56 m/s2 

Discussion 

Reservoir sizing 

A key component for the design of Tube Fishways at large dams is the installation of two reservoirs on the crest 
of the dam for the supply and delivery reservoirs. In the case studies considered, a relatively simple, square-box 
design was used with side dimensions ranging between 2 to 3.5 m. For some existing dams, there may be space 
limitations on the dam crest preventing such a box from being located, and dam owners may dislike the idea of 
having two reservoirs constructed on the dam crest, as it could potentially block access for site vehicles and 
equipment. In such cases, the reservoir could be simply located on the side abutment of the dam. To minimise the 
size of the reservoirs, Tube Fishway designs could involve increasing the diameter ratio between the inlet and 
delivery conduits (D1/D2). Through increasing the inlet conduit diameter (D1) relative to the delivery conduit 
diameter (D2), much of the volume required by the system is stored in the inlet conduit rather than the supply 
reservoir. For Tube Fishways with similar lengths of inlet and delivery conduits, a diameter ratio of approximately 
D1/D2 = 1.4 could lead to significant reductions of the supply reservoir size based on the volumes required and 
the geometries of the relative pipe sizes. This would, however, introduce some additional head losses due to the 
contraction between the two pipes. 

Fishway cycle times and water supply 

The frequency of Tube Fishway operation cycles is another important consideration for its application on large 
dams. Although the volume delivery times are expected to take less than a couple of minutes as shown in Table 
2, this only considers the time after the opening of the valve that initiates the unsteady surge. The cycle of the 
Tube Fishway has been described in Figure 1 and includes the attraction of fish into the transfer chamber and the 
filling of the supply reservoir with water for this system to function. The water used to fill the supply reservoir 
has been assumed to be pumped from the main dam reservoir through a flexible means (e.g., floating solar pump), 
hence, the time it takes to pump water from the dam to the supply reservoir is a key part of the operation cycles 
for the Tube Fishway. 

For the case of Tallowa Dam, approximately 10 m3 of water is transported on each cycle, which would need to be 
replaced in the supply reservoir before the fishway can operate again. The time it takes to pump water from the 
dam to the supply reservoir depends on the type of pump and required height of pumping. Assuming that the 
reservoir level is approximately 20 m below the supply reservoir at Tallowa Dam, a nominal pump size was 
selected, and the pump curve was used to estimate the time it would take to fill the supply reservoir. For Tallowa 
Dam, the selected pump could produce a flow of ~Q = 160 m3/h based on manufacturer’s pump curve (Grundfos, 
2021) and hence, the supply reservoir could be refilled within 4 min. This results in approximately a 5 min cycle 
time to re-fill and operate the Tube Fishway, while the required time of fish attraction into the Tube Fishway’s 
transfer chamber must also be considered. Overall, due to the short operational cycles, the Tube Fishway can be 
operated multiple times per hour, which is a significant benefit for providing fish passage at large dams as 
compared to other high-level fishway designs. 
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Fish sorting and transferral from delivery reservoir 

Up until this point, the Tube Fishway has only considered transportation of fish to the dam crest. After the fish 
have been transported to the delivery reservoir, it is recommended that a sorting process is undertaken to ensure 
that fish passage is only provided for native fish species, whilst the invasive species are removed. Similar fish 
sorting facilities have been installed at other fishways in Australia, such as the Hinze Dam. It is recommended 
that a similar set-up could be developed for the Tube Fishway. In addition, automated fish sorting facilities could 
be developed in future Tube Fishway designs to improve efficiencies through the use of sensors and computer 
sorting algorithms. Once the fish have been sorted, the fish will need to be transported from the dam crest to the 
main dam reservoir. This could be achieved through a variety of different methods such as a manual transportation, 
or through a gravity-fed channel to discharge fish into the dam reservoir. The most preferable method will depend 
on the site characteristics of the dam. 

Fish biological considerations 

For all case studies, valve operating times have been controlled to limit wall shear stresses to a critical value (τcrit) 
to prevent the injury of fish being transported in the Tube Fishway. Peirson et al. (2021a) considered a maximum 
shear stress τcrit = 40 Pa, however, it is noted that there is limited research in this area and the fish injury threshold 
criteria would vary depending on fish species and maturity level. Current evidence by Peirson et al. (2022) 
suggests that fish are not injured at such shear stress during transport across 4 and 8 m Tube Fishways. However, 
future research must assess if this is also the case when fish are exposed to such shear stress over longer periods 
of time during their transport across large dams. Key fish biological considerations relate to the attraction and 
entry of fish into the Tube Fishway. Based on the numerical model, fish can be transported rather quickly to the 
top of the dam crest as long as the fish can enter the transfer chamber. Hence, the effectiveness of Tube Fishway 
relies on the attraction and entry design associated with the transfer chamber. Laboratory research by Farzadkhoo 
et al. (2022) shows that Australian fish species can be attracted into the transfer chamber, but field tests are needed 
to confirm these findings for migrating fish. Methods to detect fish entering the transfer chamber and closing the 
entry valve could also be developed in future to provide effective operation. 

Conclusions 

This study investigated the application of the Tube Fishway at three existing large dams in Australia. First, a 
numerical model was developed to undertake hydraulic analyses, which was validated through experiments on a 
small physical model over a 1 m-high lift. Experimental results from the physical model showed good agreement 
with the results predicted by the numerical model. Three large dams were selected using a multi-criteria screening 
process, which included: Brogo Dam, Menindee Weir and Tallowa Dam. A conceptual design was prepared for 
each of the selected dam sites using site-specific characteristics and local fish community data. The numerical 
model was used to analyse the hydraulic conditions for each of the proposed Tube Fishway designs. 

Hydraulic modelling results indicate that the Tube Fishway is a viable solution for transporting fish at selected 
large dams for various dam types ranging from 18 to 43 m in height. Given the simplicity of the Tube Fishway’s 
components, this new technology may be a low-cost and effective solution for fish passage at either new or 
existing large dams and may help restore Australian freshwater fish habitats. 

While this study, looked into the feasibility of the hydraulic operation of Tube Fishways for large dams, many 
other considerations need to be looked at in detail including: (1) structural design of pipeline and pipe supports, 
(2) site specific arrangements for the location of the reservoir and power supply for the operation of the pump to 
refill the supply reservoir, (3) site specific optimisation of the location of the entrance into the Tube Fishway 
transfer chamber using further laboratory testing combined with field attraction tests at the bottom of the dam, (4) 
construction cost-estimates associated with the Tube Fishway, (5) field trials of the lifting mechanism (i.e., > 15 m 
in height) to confirm that fish are not injured when travelling over longer distances, (6) potential sorting of fish 
and transport to the dam reservoir via an exit chute, (7) maintenance and operation considerations for the dam 
owner, and (8) engaging multidisciplinary experts to identify the most sustainable Tube Fishway design for both 
new and existing large dams. 
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