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Waterway barriers, such as dams and weirs, have the potential to impact aquatic fauna species through the
restriction of fauna movement and direct injury and mortality of individuals. Without suitably designed
aquatic fauna passages and features to minimise injury and mortality, these barriers may adversely affect
the viability of local and regional populations, through disruption to critical behaviours (e.g. breeding,
dispersal).
The Lower Fitzroy River Infrastructure Project comprises of two weirs on the Fitzroy River in central
Queensland. Two threatened turtle species, the Fitzroy River turtle and the white-throated snapping turtle,
and a range of fish species needed consideration of species-specific requirements and development of
targeted design solutions.
This paper discusses the ecological needs of these species as well as features incorporated into the design
to reduce the impact of the weirs. The design incorporated modular fishlocks, gate, spillway and stilling
basin features, an innovative turtle passage, special considerations for outlets and operational aspects. The
design was further subject to complexity due to the variation in river flows, zero flow to approximately
9,000 m3/s at bank full, and needed to account for a wide range of operational scenarios with respect to the
species impacts.
The paper also includes a discussion on computational fluid dynamics modelling (CFD) which was used to
validate the design of fish passage structures.
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Introduction
The Fitzroy River catchment supports a large number of aquatic fauna species including two threatened
freshwater turtle species; the Fitzroy River turtle (Rheodytes leukops), white-throated snapping turtle (Elseya
albagula; Limpus et al. 2011a) and 34 fish species, a number of which have local conservation and fisheries
values (Marsden and Power, 2007; Stuart et al. 2007; Pusey et al. 2004; Allen et al. 2003).
Construction and operation of the Lower Fitzroy River Infrastructure Project (LFRIP) has the potential to impact
these species through the restriction of fauna movement and direct injury and mortality of individuals. Without
suitably designed aquatic fauna passages and features to minimise mortality, these barriers may adversely affect
the viability of local and regional populations, through disruption to critical behaviours (e.g. breeding, dispersal)
and decreased survival rates (Limpus et al. 2011a; Marsden and Power, 2007).
Management actions implemented during the design phase to avoid and/or mitigate potential impacts to these
species and obtain environmental approvals for the project included: modular fishlocks, spillway and stilling
basin features, a separate innovative turtle passage, special considerations for outlets and operational aspects
and development of a Turtle Management Plan including the requirement for a turtle movement study.
An Environmental Impact Statement (EIS) was prepared and approved in February 2017. The LFRIP EIS is
available at www.fitzroyweirs.com.au and is used as a reference for this paper.

Project background
Eden Bann Weir is located approximately 62 km north-west of Rockhampton in central Queensland on the
Fitzroy River at 141.2 km adopted middle thread distance (AMTD) from the coast. It is a conventional mass
concrete gravity weir with a Full Supply Level (FSL) of EL 14.5 m Australian Height Datum (AHD) (Figure
1). This Stage 1 construction is approximately 8 m high (river bed to weir crest) and 412 m long, with a total
storage volume of 36,000 ML. The left abutment accommodates the existing outlet works and a fishlock. The
proposed Eden Bann Weir Stage 2 (EB2) is a raise of the existing Eden Bann Weir to a FSL of EL 18.2 m AHD

and associated impoundment of the Fitzroy River to 205 km AMTD. Eden Bann Weir Stage 3 (EB3) is the
addition of 2 m high flap gates to achieve FSL EL 20.2 m AHD and associated impoundment of the Fitzroy
River to 211 km AMTD.
The proposed Rookwood Weir site is located on the Fitzroy River at 265.3 km AMTD, approximately 10 km
downstream from the Riverslea Road river crossing. Rookwood Weir Stage 1 (a concrete gravity structure) is
FSL EL 45.5 m AHD, approximately 15.5 m above the river bed. The length of the weir is approximately 300 m
across the river. Impoundment associated with Rookwood Weir Stage 1 extends up the Fitzroy River to the
confluence and to an upstream limit on the Mackenzie River at 322 km AMTD and 10 km AMTD on the
Dawson River. Rookwood Weir Stage 2 (RW2) involves the addition of 3.5 m high flap gates to achieve FSL
EL 49.0 m AHD. Figure 1 shows the proposed Rookwood Weir site.

Figure 1: Existing weir at Eden Bann (left) and proposed Rookwood greenfield site (right)

The objective of the proposed development is to secure water supplies to meet current demand and secure future
demands for water from urban populations, industry and agriculture in the Rockhampton and Gladstone areas.
The development is to enable storage of all unallocated but available water resources (76,000 ML/a). Staging
of the weirs provides an opportunity to respond to water demand triggers giving rise to a number of project
development pathways.

Species background
Fitzroy River turtle (Rheodytes leukops) and white-throated snapping turtle (Elseya albagula)

The Fitzroy River turtle (Figure 2) is endemic to the Fitzroy Basin catchment and listed as vulnerable under the
Commonwealth Environmental Protection and Biodiversity Conservation Act 1999 (EPBC Act) and
Queensland Nature Conservation Act 1992 (NC Act). The species is considered to be a specialist species that
occupies riffle zones and other freshwater habitats such as pools, runs, creeks and the shallow upstream margins
of impoundments (Limpus et al. 2007; Limpus et al. 2011a). The white-throated snapping turtle (Figure 2) is
endemic to the Fitzroy, Burnett and Mary River catchments and is listed as critically endangered under the
EPBC Act and endangered under the NC Act. Like the Fitzroy River turtle, the white-throated snapping turtle
inhabits permanent waters within flowing streams (Hamann et al. 2007).

Figure 2: Fitzroy River turtle (left) and white-throated snapping turtle (right)

Little information is known about the movement requirements of freshwater turtles in Australia. The home range
size of the Fitzroy River turtle and white-throated snapping turtle are generally relatively small with the
movement of individuals occurring between riffle zones and adjacent pools within a local area (Tucker et al.
2001; Hamann et al. 2007). The species’ may however, undertake long-distance migrations for the purpose of
breeding and nesting. Females are known to aggregate at traditional nesting sites while males may undertake
upstream and/or downstream movements to attend breeding aggregations. Identification tagging and
observations of the species’ within the catchment by the Department of Environment and Heritage Protection
(DEHP), suggest large scale movements in the order of tens of kilometres may potentially occur for the purpose
of dispersal, courtship and nesting migrations and repositioning following flood displacement (Dr Col Limpus
pers. Comm.).
The raising of the existing Eden Bann Weir and/or the construction of Rookwood Weir will create physical
barriers that will potentially inhibit these migrations. A long term decrease in dispersal migrations may cause a
reduction in gene flow resulting in the formation of genetically isolated populations and localised extinctions
(Tucker et al. 2000, Hamann et al. 2007). Restriction of turtle movement also has the potential to disrupt the
breeding cycle of the species and may inhibit nesting in traditional areas.
Existing fishways, such as vertical slots and mechanical locks, have not been designed to accommodate
freshwater turtles and as a result, have relatively low or no success at facilitating turtle passage (Hamann et al.
2007; Limpus et al. 2011a). Anecdotal observations of turtle behaviour at dams and weirs have revealed that
turtles attempt to move upstream by climbing in-stream structures such as the spillway face and abutments
during rainfall and small flow events (Limpus et al. 2011a; Limpus et al. 2011b). A recent study by Limpus et
al. 2011b, recorded evidence of the Fitzroy River turtle attempting to move upstream by climbing the concrete
structures of Tartrus Weir at night. During higher flow conditions, the turtle was observed attempting to climb
past the wall via the river bank.
The raising of the existing Eden Bann Weir and/or the construction of Rookwood Weir also has the potential to
impact the Fitzroy River turtle and white-throated snapping turtle through an increase in turtle injury and
mortality. The majority of injuries and mortalities occur as a result of contact with spillway steps (i.e. stepped
spillways) as turtles move downstream over the infrastructure during spilling events, contact with hard structures
(e.g. dissipater structures) in the turbulence of the downstream pool or insufficient water depth, drowning in the
turbulence of the downstream pool, sudden release of high velocity water during regulated flow discharges
resulting in turtles being projected against hard structures when congregating around outlet works or
impingement against trash screens on the upstream side of the impoundment (Dr Col Limpus pers Comm.).
Fish species
A total of 34 fish species, have been previously recorded within the development footprint including two
endemic species (southern saratoga (Scleropages leichardti) and leathery grunter (Scortum hillii)); one endemic
sub-species (golden perch (Macquaria ambigua oriens)) and a number of species with fisheries values
(including barramundi (Lates calcarifer (DERM, 2010)).
The Fitzroy system is typical of many dry tropical rivers in northern Australia where the local fish migration is
strongly linked with hydrology (Hogan et al. 1997; Renfree and Marsden, 2006). Figure 3 depicts the
relationship between fish migration and flow in the Fitzroy Basin catchment. Within this system, in the order of

30 per cent of species migrate strongly on large floods (defined as being more than 120,000 ML/d) and many
others respond to increasing flows.

Figure 3: Relationship between fish migration and flow in the Fitzroy River Source: modified from Marsden and Power, 2007

Freshwater fish regularly move among spawning, feeding and refuge habitats (Lowe-McConnell 1987; Lucas
and Baras 2001) and free movement of fish within the river system is thought to be crucial in order to maintain
viable populations (Marsden and Power 2007). Obstacles to fish migration can impact native species in a number
of ways including declines in abundance, species distribution truncation, localised extinction events and a
reduction in species diversity (Marsden and Power 2007).
Waterway barriers have the potential to impact fish species through an increase in individual injury and
mortality. Fish species are particularly susceptible to shearing and abrasion injuries from contact with hard
structures in the downstream pool and contact with the spillway during flooding events. Fish are also vulnerable
to gill, eye and internal organ damage from the sudden changes in velocity and pressure that occur as the fish
are swept over the spillway (Larinier 2000). Fish larvae are also known to suffer high levels of mortality (e.g.
95 percent in golden perch) as a result of undershot gates (Baumgartner et al. 2006).

Design process
A collaborative design process between representatives of the Queensland Government Department of
Agriculture and Fisheries (DAF), the designer and the Proponent was undertaken and was critical to the
successful approval of the EIS. The design process comprised:
• Data collection and review. Literature review of fish assemblages and any relevant behavioural data
including: movement biology (e.g. time of the year that migration takes place, triggers for migration),
breeding ecology, swimming ability (e.g. depth and velocity required for migration; fish habitat), river
hydrology and hydraulics including the existing and projected headwater/tailwater levels at a range of flows
(e.g. flow duration curves, annual exceedance probabilities, flow event curves); Relevant water management
(e.g. environmental flow release requirements, water plan requirements); any other constraints at the site and
proposed weir operation.
• Fish passage issues register: Creation of a fish passage issues register and update issues register during the
fishway design process.
• Inception: To formally commence the fishway design process and to introduce design team members and
assign roles and responsibilities.
• Site visit: Inspect the sites and associated works; Inspect the catchment below the sites to identify further
impediments to fish passage that may be affected by changes in flow regimes; Determine how access to
fishways will be provided for monitoring and maintenance purposes; and relate hydrological data to sites.

• Design specifications and success criteria: agree design specifications and success criteria for fish passage
and to establish a framework for evaluation of concepts.
• Design: Identification of fish passage design options. Concepts were considered in terms of mechanisms for
conveying fish across the structure in the upstream and downstream direction; entry and exit design; spillway
and dissipater design; fish exclusion from outlet works; and operating rules requirements for particular
concepts. Evaluation of concepts against the design specifications and success criteria.
The fishway design process relied on input from DAF including scientific and policy representatives, weir
operational advice from the Proponents and technical input from fish biologists, ecologists, dam engineers, and
specialist hydraulics engineers. All contributors provided a unique perspective, which enabled a balanced view
when setting the often-conflicting design specifications and success criteria, evaluating, and developing the
design.
Although not a formal process as described for the fishway design, a high level of collaboration was undertaken
between the approving agency, the designers and proponents setting design parameters regarding impacts on
turtle species. This comprised a number of workshops and meetings and served to both inform the design based
on scientific research completed by these agencies and to discuss design features to minimise species injury and
mortality and to provide turtle passage across the weirs.

Fishway design criteria
While biological design criteria are key, there were also operational and safety criteria that needed to be
considered and incorporated. Below is a summary of the design criteria:
• Upstream and downstream passage was required for small, medium and large bodied fish (15-800 mm long).
Such variation in fish size resulted in the fishway requiring attraction flow velocities between 0.15 and
1.8 m/s.
• Fish mortality is minimised. Such criteria included avoiding creating pools downstream of the spillway
where fish can be trapped as flows recede, downstream spillway face is a smooth formed surface, fish screens
are provided to exclude fish from the outlet works (20 mm screens with 0.3 m/s velocity across the screen),
energy dissipater and stilling basin design limits extruded blocks, undershot gates are not used on the
spillway or close to the surface.
• Period of operation is maximised. Fish passages capable of operating when there is a release, can operate at
low release levels (to dead storage), limit downtime by minimising siltation and debris risk and planned or
unplanned maintenance.
• Downstream operating range is maximised. Fish passage is provided from dead storage to weir drownout
and that fish can access the fishway under the full range of flows. This included operational releases and
spillway releases and that these conditions do not interfere or mask attraction flows.
• Water quality for releases in the outlet and fishway entrance are of surface water quality facilitated by multilevel offtakes.
• Attraction flows are maximised. The incorporation of diffusers create air bubbles and water noise (water
noise is an attractor) and turbulence is minimised. The fishway needed to be capable of providing continuous
attraction flows and allow for variable attraction flows between phases of the cycle.

Fishway design
Concept and preliminary designs were prepared for both Eden Bann and Rookwood. The design features to
limit the impacts on aquatic species were consistently applied to both sites and for simplicity, the discussion
below relates to Rookwood Weir.
Due to the height of the weir (over 15 m above bed level to FSL and over 20 m to abutment levels), fishway
arrangements such as a vertical slot or natural bypass were discounted as not practical and due to high velocities
over the required operating range, did not satisfy the design criteria. A fishlift was considered but fishlocks were
adopted for design as these provided a robust solution for high tailwater levels, complex hydraulic conditions
over a range of flows and could facilitate variable entry velocities, slot widths and turbulence conditions as
required by the design criteria. Further, exposed mechanical features of a fish lift were considered unreliable
with these hydraulic conditions.
The initial design solution comprised a modular approach to facilitate fish passage over a full range of flows.
This modular approach was required as a result of known operational limitations of fishlocks (being broadly
limited to 6 m). The modular approach comprised two operational fishlocks; each with two upstream exit slots

to operate from minimum operating level to FSL, two fishlocks to operate in high headwater and tailwater
conditions (referred to as ‘flood locks’), and denils. The denils were proposed to operate immediately prior to
drownout of the weir where there is low afflux (less than 1 m) and to accommodate strong swimming fish
species such as barramundi moving on high flows. A viaduct was also incorporated across the downstream face
of the environmental outlet works and the flood locks to ensure entry conditions to the flood locks were not
influenced by recirculating flows when high tailwater conditions were experienced and/or when spillway gates
were open. The entry slot to the viaduct was located adjacent to the spillway, above the normal operating
fishlocks.
An analysis of the river flow variability was undertaken to ensure that a high percentage of flows could facilitate
the passage of fish with infrastructure at the weir. This included a review of the Integrated Quantity and Quality
Model (IQQM) developed by the Queensland Government Department of Science, Information Technology and
Innovation (DSITI) for the Fitzroy system and augmentation of the IQQM to simulate post development. The
IQQM is calibrated to measured daily stream flows for over 100 years of record and provided daily flows at a
point both upstream and downstream of the weir location for both pre-and post-development. Flows past the
weir were converted to headwater and tailwater levels based on the storage capacity curve, spillway rating
curves and the river hydraulic model developed for the EIS. An assessment of the fishlocks and their capacity
to operate during the full range of headwater/tailwater conditions was then carried out. This assessment showed
that the two proposed normal operational fishlocks could cater for 95 percent of all flows over the weir prior to
drownout.
As shown in Figure 4 and 5, the final concept design limited the fishway infrastructure to two operating fishlocks
each comprising a high and low level exit chamber. These combined, were designed to operate over all reservoir
levels and to a 6 m tailwater depth. The flow analysis showed that the flood locks and denils would have
remained idle for long periods of time, which by the nature of mechanical items, would have a high risk of
inoperability when needed. This, coupled with the high percentage of flows passing for the two fishlocks, led
to agreement of the final design solution.
The fishlock chambers were sized as per the existing Eden Bann Weir fishlock, which, is known to be suitable
for the same fish species as encountered by the project. WaterCAD was used to design the pipework and valves
in the fishlocks and several headwater levels up to FSL (the maximum operating level) were tested. Pipework
was then sized to enable the variable outlet velocities as required by the design criteria. Diffusers are provided
in the downstream and central chamber floor to remove the risk of velocity and turbulence concentrations in the
chambers. Velocity and turbulence profiles were then checked to ensure compliance to the design criteria.
Where possible, overshot gates were selected in the Fishway chambers. Figures 6 and 7 show a cross section of
the upper level fishlock, which are designed to operate with reservoir levels above EL 40 m AHD, with the high
and low exit operating range respectively. The configuration is similar for the lower level fishlock.
The location of the environmental flow outlets and low flow outlets were also important to ensure attraction
flows and to simplify the velocity pathway to the fishlock entry. The low flow outlet is located between the two
fishlocks and is designed to supplement the attraction flow generated by the fishlocks. The large environment
flow outlets also provide an attraction flow when operated and a nib wall at the downstream end of these outlets
was included to mimic a weir such that fish travel across the downstream face looking for the correct entry
velocity of the fishlock rather than attempt to access the environmental flow outlets.

Figure 4: Extract from general arrangement drawing showing gated spillway (left), fishlocks (centre) and
environmental flow outlets (right)
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Figure 5: NavisWorks model (looking upstream) of fishlocks, outlet works with upstream trash rack bay and gated
spillway bays

Figure 6: Cross section design of one of the two fishlocks showing the upper operating range for the upstream
exit channel

Figure 7: Cross section design of one of the two fishlocks showing the lower operating range for the upstream
exit channel

Fishway design Computational Fluid Dynamics modelling
Computational Fluid Dynamics (CFD) modelling was undertaken for a range of flow conditions and weir
operating scenarios in order to validate the concept design and to inform the detailed design. The CFD modelling
included transient free surface CFD simulations of the fishway.
The CFD model domain of Rookwood Weir was compiled using a combination of data sources (Contours, 3D
CAD models, 12D surfaces and SolidWorks models) developed in earlier stages of the project. The CFD model
domain extends 350 m upstream and downstream of the weir. This extent was selected to ensure that key regions
of interest in the CFD analysis are located an appropriate distance away from the effects of any potential
boundary conditions.

Figure 7: Computational fluid dynamics modelling of fishlocks and adjacent environmental flow outlets and
spillway

Results as shown in Figure 7 are for two of the ten operating scenarios modelled. Scenario 6 (left) shows the
low level fishlock operating with the environmental flow outlets closed and the low flow outlet (designed to
provide environmental base flows and releases for water supply), open. Scenario 7 (right) shows the high level
fishlock operating with the environmental outlet releasing 58 m3/s and the low flow outlet closed. In both cases,
the spillway gates are closed. Other operating scenarios included one spillway gate open with the upper level
fishlock operating and all spillway gates open.
The results indicate that there is a viable pathway for fish species to access the fishlocks and water surface
profiles and velocities and turbulence are satisfactory to support the design criteria.

Provision of turtle passage
Turtle passage is approved within the EIS at a concept level. There is no preceding relevant examples of
successful passageways and little research on the species requirements for transfer. As such, a delivery process
was adopted to inform and refine the detailed design as follows:
• Scientific turtle movement study utilising GPS satellite, acoustic (hydrophones) and pit tags to monitor the
movement of the turtle species over seasonal and river flow variation.
• Setting of success criteria for turtle movement in consultation with DEHP.
• Provision of design features in the weir based on current knowledge and technology.
• Provision for monitoring, assessment against success criteria and augmentation of the facilities should the
success criteria not be achieved by the development.
Specific design features (Figure 8) of the passageway comprise a roughened concrete lined channel over the
abutment to the river on both the upstream and downstream sides. Turtle species have been observed in the
Fitzroy River climbing roughened concrete surfaces and, during rainfall events, traversing riverine banks. To
mimic these conditions, the concrete channel has been designed to be maintained in a moistened condition with
a pump moving water to the top of the weir, from where water flows both in the upstream and downstream
direction. This serves as an attraction flow with entry and exit points located at the river margins were turtles
can access the passageway at low velocity conditions in all headwater and tailwater conditions from dead storage
to drown-out of the weir.
Turtles have also been observed climbing relatively steep surfaces, however the design restricted the slope to
not more than 45 degrees at any point. Resting pools will be provided with mesh grid covers to limit predation.

A mesh grid cover is also provided for natural light where the ramp passes through the abutment of the weir,
while maintaining crane access to the spillway gates.

Figure 8: General arrangement of turtle ramp and features associated with the environmental outlet works

Other design features
Other specific design features to avoid and minimise risks associated with injury and mortality of aquatic species
include:
• A concrete ogee spillway to provide a smooth formed surface finish at the crest of the weir in the spillway
section and a smooth downstream face.
• Stilling basin that extends the full length of the spillway to prevent fish and turtles being projected against
hard concrete during spilling events with energy dissipater and stilling basin/plunge pool design without
dissipater blocks.
• Spillway flap gates have been designed such that, when they close, the shape mirrors that of the ogee crest.
This limits fauna entrapment at the edge or under gates.
• Outlet works and fishway gates that close to prevent turtles aggregating in areas of intermittent high velocity
water flow.
• Outlet works and fishway gates that prevent turtles from being crushed when closing by the use of overshot
gates.
• Sloped (45 degree maximum slope) ramp to allow turtles to exit the environmental flow outlet area.
• Channel downstream of the environmental flow area to build tailwater and prevent turtles landing on hard
concrete when exiting this area.
• A sloped entrance to the environmental flow gates lined with slippery substrate to prevent turtles accessing
the area immediately in front of the gates during no flow periods.
• Smooth stainless steel plates to discourage turtles from climbing into unsafe locations and a slot in the
environmental flow area baffle wall to allow turtles to exit the area.

• Trash screens to prevent turtles and fish entering the outlet works from the impoundment or being trapped
by high water pressures on the upstream side of the outlet works. Trash screens have been designed so that
the water pressure on the face of the screen will not trap fish and turtles and trash screens allow for turtles to
grip and climb to surface, rather than being trapped submerged. This was achieved by locating the screens
some 20 m upstream of the outlet works and providing 20 mm screens with 0.3 m/s velocity across the
screen.
The weir operating strategy has also been considered to avoid/minimise risk of aquatic fauna injury and
mortality. Specific operational actions will include:
• Controlling the flow of water through release values to provide gradual increments in water release volume.
• During planned releases, increased water releases during dawn and dusk periods when turtles are more likely
to be away from weir infrastructure.
• Multi-level offtakes draw water from different levels within the water column to facilitate mixing to control
temperature and quality.
• Operate the spillway gate adjacent to the fishway independently and initiate spillway gate opening sequence
with this gate to build tailwater in the stilling basin.

Conclusions and recommendations
Modern design of dams and weirs increasingly needs to facilitate design features that avoid, mitigate and
manage impacts to aquatic species through the provision of passage and features to limit injury and mortality.
This paper has presented design features applied to the Lower Fitzroy River Infrastructure Project to mitigate
and minimise impacts on endemic fish and endangered turtle species. A collaborative approach between
regulatory agencies, the proponents, biologists and designers was key to understanding the priorities and
incorporating design and environmental requirements to achieve good environmental outcomes.
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