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OBJECTIVES:
1. Identify available information on planned water development in northern Australia.
2. Collate the information and review these plans, providing an accessible summary.

3. Identify sources of information that might be used to evaluate impacts of water development on
fisheries and ecological values.

4. Development a conceptual framework for the future elaboration of ecosystem models, addressing
multispecies and ecosystem-level predictions of the impacts in the estuarine and marine environments
of the water resource development.




NON TECHNICAL SUMMARY::

OUTCOMES ACHIEVED TO DATE

Provided a report to industry, management and researchers associated with the Northern Prawn Fishery
(NPF) that enhances their understanding of the likely water resource development alternatives and
consequences across tropical Australian catchments. The report allows NPF Industry to better
understand the ecological and economic trade-offs that might eventuate from new water infrastructure
placement in tropical rivers catchments that provide currently-unregulated river flows into NPF
managed waters.

Provided a direction for NPF management and operators to integrate an industry perspective into the
water resource planning process via an understanding of current State/Territory legislation, sources of
most-recent knowledge on impact of riverflows on fishery productivity, and the possibility of
engagement in the development of Water Resource Operational Plans in response to the objectives of
State legislation.

Provided a recommendation to NPF management to consider that broad-scale irrigated agriculture will
follow the Commonwealth-funded “water resource assessment’ studies conducted in five major
catchments across tropical Australia over a ~10 year time window (2008-2018; four catchments flow
into NPF managed waters). Water extraction to support agriculture will modify natural flow regimes
that have supported estuarine and coastal fisheries for the past 50 years. Water Resource Operational
Plans for major catchments will be updated or modified in response to the outcomes and
recommendations of the water resource assessments such as the Flinders and Gilbert Agricultural
Resource Assessment (FGARA) and the Northern Australia Water Resource Assessment (NAWRA).
Recommendations for NPF managers include:

e Model the effects of all aspects of flow (seasonal and volumetric) on fishery production to fully
understand the impacts of water extraction on fishery production, as well as considering
extending any modelling to also evaluate broader marine ecosystem impacts,

o Engage in the “water resource planning process’ via stakeholder input, as possible, within the
legislative framework, with the aim of impact minimisation using quantitative targets and
triggers,

e Promote water management, infrastructure design and construction that, as much as
practicable, mimics historical patterns of natural seasonal flow; only harvest water from high-
volume floodflows that offer water harvest potential with low impact on downstream ecosystem
services that are supported by monsoonal flow regimes.

Incorporation of up-to-date ecological research outcomes into the conceptual model of the life history of
Banana Prawns (Penaeus merguiensis) to facilitate the development of quantitative models such as
Models of Intermediate Complexity for Ecosystem assessment (MICE) models. These models are
capable of quantifying the impact on each of the prawn’s life-stages of modification of natural river-
flows due to anthropogenic resource development. The MICE models can be deployed to investigate the
effects of modification of seasonal aspects of flow and on annual series of low flows on Banana Prawn
populations and yield, with improved understanding for industry and fishery management.

The project reviewed the legislation dealing with Water Resource Management in each of Queensland
(QLD), the Northern Territory (NT) and Western Australia (WA) that effects the management of




overland flow in catchments that empty into water managed as part of the Northern Prawn Fishery. In
general, three tiers of governance exist: a Water Act which enacts legislation State- or Territory-wide,
and two levels of operational water management plans that instruct the day-to-day management of
water, usually at a catchment scale (or ‘topographical grouping’ of several rivers). Explicit provisions
for the management of water that include the interests of catchment users, other than extractive users
(e.g. agriculture irrigators), are incorporated at this level of water management. The formulation of
management protocols for Water Resource Development (WRD) offers the opportunity for stakeholder
involvement to ensure the interests of stakeholders, other than extractive users, are part of the
management matrix.

In WA and QLD three levels of water management legislation are enacted: the Water Act; Water
Resource Management Plans which deal with overarching aspects of the on-ground management of a
catchment or group of catchments (including the issue of allocation of water to environmental flows);
and Operation Plans which provide protocols and tasks to undertake the day-to-day management of
water. In the Northern Territory, a key gap in legislation is the lack of or paucity of Water Resource
Management Plans and Operation Plans (or equivalents). Currently, the Northern Territory is
developing regional Water Allocation Plans (WAPs) and this offers an opportunity for NPF Industry to
engage in the management of water allocation. To date, the Northern Territory has developed WAPs for
inland urban/rural water management areas such as Alice Springs and Tennant Creek. This project
suggests that the Northern Territory resource managers and legislators likely will develop WAPs for
other regions, perhaps major rivers draining into the NPF.

The project also reviewed the current and future WRD in catchments and landscapes that abut the
Northern Prawn Fishery. The project developed a web-accessible map portal that displays the location
and scope of significant projects or infrastructure that incorporate or require WRD for their
construction or ongoing operation (see https://research.csiro.au/npfnwd/). The portal provides links to
websites that describe the projects or infrastructure; and links to government websites that provide
regulatory provisions or other legislative oversight for the projects.

It is likely that in ~5 major river catchments, WRD will follow the recent and current water and land
resource assessments funded and undertaken by the Commonwealth of Australia (including the National
Water Infrastructure Development Fund). These assessments were undertaken with the long-term aim
to support agricultural and infrastructure development in northern Australia. Both instream and
offstream storage capacity of monsoon-driver river flows will be constructed with subsequent
modification of downstream flows. Water extraction will reduce flows and poor management of flow
reduction likely will have major impacts on estuarine and coastal fish species that use regulated rivers
during part of their life-cycle. In addition, mining and large-scale aquaculture infrastructure in coastal
environments also has the capacity to impact groundwater, overland flows and inputs to rivers and
estuaries.

The modification (or development in the case of the Northern Territory) of Water Resource Plans and
Resource Operation Plans (ROPs) are key windows-of-opportunity for Northern Prawn Fishery
management (specifically NPF Industry) and the managers of other fisheries to engage the legislative
process. The aim should be to promote downstream impact minimisation through consideration of the
management of water impoundment or extraction. Management protocols should minimise the reduction
or modification of historical seasonal and monsoonal flows, and the ecosystem services that they sustain
in the lower river and estuary.

Workshops conducted as part of this project highlighted the need to model each life-stage of the Banana
Prawn using Models of Intermediate Complexity for Ecosystem assessment (MICE) that incorporate all
facets of ecosystem components and services, as well as flow, to explore abiotic and biotic drivers
determining fishery catch. Project workshops concluded that models be constructed at three levels of
flow; low, moderate and high, to maximise the ability to detect the impact of seasonal flows and
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temporal shift in flow on catch. Incorporating a suite of ecosystem components into an existing MICE
model will reliably and rigorously quantify current identified uncertainties about the impacts of water
extraction on the prawn and commercial fish species.

The project also identified major scientific research projects that provide quantitative information to
evaluate the impacts of water development on fisheries and the ecological systems that support coastal
productivity. Four major Commonwealth-funded programs were summarised:

1. Tropical Rivers and Coastal Knowledge (TRaCK)

2. Flinders and Gilbert Agricultural Resource Assessment (FGARA)
3. National Environmental Science Programme (NESP)

4. Northern Australia Water Resource Assessment (NAWRA)

NAWRA is a major project to assess the water and landscape resources of several major tropical rivers
across northern Australia and will report in 2018. NAWRA will provide key outputs describing the
trade-offs between WRD for irrigated agriculture (and necessary infrastructure), versus the economic
impact on current industries and the depletion of ecosystem services that are sustained by the
unregulated river flows. To achieve these tasks, hydrologic models will be developed to determine
current and future flow regimes under unregulated and modified flow scenarios due to new water
infrastructure and water resource use. Flow estimates will be modelled with catch-series from fisheries
to estimate the impact of reduced water availability due to WRD on fishery catch. In conjunction,
qualitative assessments of the impacts of reduced flows on key fishery and iconic species will be
undertaken, as undertaken for FGARA.

While the NAWRA modelling will be informative, no ecological modelling will be undertaken.

The overall conclusion of the project is that NPF management are encouraged to take a proactive
approach to the development of the water resources of tropical Australian rivers to support irrigated
agriculture. They need to engage with the WRD process via stakeholder consultation processes, and
promote water management protocols and infrastructure design that minimise downstream impacts on
fishery production. A significant aspect purported to support proposed water extraction from tropical
monsoon-driven river flows is that a relatively small percentage of annual flow will be harvested, and
that only high flows will be targeted. Management protocols need to ensure that a sustainable
percentage of water is extracted from high flows only. These protocols need to be legislated to be
effective and also require quantitative definitions of flow and flow thresholds that can be stated clearly
and withstand scrutiny by water managers and water users. Advice from hydrologists with access to
historical flow series for each river is critical to flow threshold quantification.

Management adherence to the definition of flow needs to be explicit (with definitions required for each
river):

e  High flows as determined from examination of annual series of end-of-system flows,

e Low flows as determined from examination of annual series of end-of-system flows (which
should be preserved as environmental flow),

e  Threshold levels of flow below which water should not be harvested; water should be allowed
to proceed downstream.

KEYWORDS: Water resource development, irrigated agriculture, Northern Prawn Fishery,
tropical rivers.
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Executive Summary

The project objective was to identify and collate current and future Water Resource Development (WRD),
together with infrastructure placements which impact natural flows in catchments that empty to Northern
Prawn Fishery (NPF) managed waters. Further objectives were to identify sources of information to
evaluate the impacts of water development on fisheries; and using best ecological information, to develop a
conceptual framework for the future elaboration of ecosystem models for flow-catch prediction. These
initiatives allow NPF Industry to better understand the ecological and economic trade-offs that might
eventuate from new water infrastructure placement.

The project was undertaken as the remote catchments, and their historically unregulated rivers, are
increasingly subject to development pressures, particularly from irrigated agriculture. Extraction of water
for agriculture with modify natural flow regimes, impacting the ecosystem services that river flows provide
to riverine and estuarine habitats. These same rivers and estuaries support the juvenile and adults phases of
many key fishery species for the past 50 years. Environmental impacts on the inshore phase of fishery
species will affect yield and economic return in adjacent coastal fisheries, including the NPF.

The project has mapped the location of WRD and linked sources of information about the irrigated
agriculture or infrastructure development to the map. The map is a web-accessible portal that displays the
location and scope of significant WRD using infrastructure construction, placement and ongoing operation
(see https://research.csiro.au/npfnwd/). The project has summarised the likely impacts of particular WRDs
on the NPF and other coastal fisheries via best-knowledge interpretations of the life history of crustaceans
and fish, and likely effects from flow modification. In conjunction, the project has summarised the
jurisdictional legislation that manages the way water resources are allocated to the economic projects. We
summarise aspects of the State/Territory and Commonwealth legislation that protect the natural flow
regimes and the ecosystem services that natural flows sustain. In addition, our research has identified recent
and current research projects that have increased scientific knowledge of the impacts of modification of
river flows on fishery production and eventual yield (e.g. Tropical Rivers and Coastal Knowledge
(TRaCK), Flinders and Gilbert Agricultural Resource Assessment (FGARA), National Environmental
Science Programme (NESP), Northern Australia Water Resource Assessment (NAWRA).

Likely, irrigated-agriculture development will follow the water and landscape resource assessments of the
FGARA and NAWRA inventory projects conducted by CSIRO. Catchment “Water Resource Plans’ for
rivers such as the Adelaide, Fitzroy, Flinders, Gilbert and Mitchell Rivers will be modified, updated or
introduced in response to the resource assessments. In the Flinders River catchment (Queensland), the
Three Rivers Irrigation Project likely has bid for water identified by FGARA and designated as unallocated.
The water was released for purchase by Queensland’s Department of Natural Resources Mines and Energy;
subsequent to the FGARA assessment. The Three Rivers Irrigation Project plans to extract water from the
Flinders River and store it off-stream.

The Mitchell River catchment (Queensland) encompasses several likely sites for a large dam and the current
NAWRA resource assessment likely will identify a quantum of water that can be impounded, stored and
allocated to irrigated agriculture. Similarly, the Adelaide River (Northern Territory) has a likely site for a
large dam and a current pre-proposal for off-stream storage to support the water supply for the City of
Darwin. In addition, wetland and groundwater resources in the Top End floodplains (eastern catchments of
the ‘Darwin Rivers’) will be assessed for their suitability to be exploited as a source of irrigation water.
While acknowledged as outside the footprint of the NPF Management Zone, the water resources of the
Fitzroy River catchment will also be assessed.

Water Resource Operational Plans (ROPs) for major catchments will be updated or modified in response to
the outcomes and recommendations of the water resource assessments, such as FGARA and NAWRA.
NPF management should engage as a stakeholder with the reallocation of water resources as identified, and
the modification of water management by State or Territory government managers and legislators. When
new water management protocols are framed, NPF managers should promote, as part of the decision
process and specification development, science-based best understanding of the effects of water extraction
on seasonal and volumetric flows and hence impacts on fishery production. Downstream impact
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minimization needs to be an aim of water management. Recognizing and incorporating ecological
knowledge as a key factor in the planning process will promote water management (and infrastructure
design and construction) that has the capacity to mimic historical seasonal floodflows. The target is to
identify and exploit floodflows that offer water harvest potential with the lowest impact on downstream
ecosystem services that are supported by the natural monsoonal flow regime.

Importantly, our team and other colleagues have developed a series of conceptual models for each phase of
the life cycle of the Banana Prawns (Penaeus merguiensis) under three flow regimes. The conceptual
models list ecosystem-level interactions and subsequent impacts on Banana Prawns in their estuarine and
marine habitats. From these conceptual models, a revised version of the Vance et al. (1985) Banana Prawn
lifecycle and its adaption to a qualitative model framework that can be used to construct a dynamic
framework model has been provided. Models of Intermediate Complexity for Ecosystem assessment
(MICE) (Plaganyi et al. 2014) are discussed in this context.

This project suggests that water resource development and current flow-dependent fisheries can co-exist in
Australia’s wet-dry tropics if water is harvested from wet season high flows only (during January to March
when >90% of annual flows occur); and if the seasonality, magnitude and duration of low flows are
maintained. In the wet season, high flow volumes dominate the catchment and the capacity of in-stream or
off-steam dams. If low flows are maintained as a mimic of natural flows, monsoon season high flows
would overflow constructed dams or by-pass water extraction. The quantum of water reaching the estuary
would be of similar magnitude to an unregulated river, supporting the historical suite of ecological services.
The caveat to this best-practice water-use scenario is the stochastic nature of large floods. In Gulf of
Carpentaria catchments, high flows separated by 5 to 7 y can occur, though 3 to 4 y dry periods are more
common. If the harvest of high flows can sustain irrigated agriculture, then water storage capacity must be
able to sustain irrigation demand over series of dry years.

Under an informed multiple-use water management regime, the maintenance of all seasonal characteristics
of flow can be achieved with a result of minimal impact of downstream ecosystem services or fishery
production. This report proposes seven broad management initiatives to minimise the impact of water
resource development on riverflow, and hence fishery productivity and yield:

e harvest water from moderate to high flows only,
e provide environmental flows as late-dry season flows of high water quality that pass downstream,

e provide for environmental flows that allow low-flows of high water quality to pass downstream of
dams and water extraction points,

e avoid creating barriers to long-stream connectivity (engineer dams to allow water offtake),
e avoid creating barriers to floodplain inundation and connectivity,
e avoid truncating estuaries or creating barriers in estuaries, and

e do not incorporate hydro-electric power stations into the design of a dam as they necessitate
permanent flows through the power station and then downstream.

NPF management are encouraged to be proactive with the development of the water resources of tropical
Australian rivers to support irrigated agriculture. NPF management need to engage with the WRD process
via stakeholder consultation processes, and promote water management protocols and infrastructure design
that minimise downstream impacts on fishery production. A significant proposition for water extraction
from tropical monsoon-driven river flows is that a relatively small percentage of annual flow will be
harvested and that only high flows will be targeted. Management protocols will ensure a sustainable
percentage of water is extracted only from high flows. These protocols are required to be legislated to be
effective. In addition, effective protocols require quantitative definitions of flow and flow thresholds;
definitions that can be stated clearly and withstand scrutiny by water managers and other water users.

Keywords: Water resource development, irrigated agriculture, Northern Prawn Fishery,
tropical rivers
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Background

In tropical northern Australia, river flow is crucial to the ecosystem services that support the life cycles of a suite of
estuarine and marine species that are important in commercial, recreational and indigenous fisheries. In recent
years, the general public, not just specific interest groups, have adopted a broader perspective of the value of rivers
and river flow. Increased understanding has encouraged a shift from a ‘resource development’ focus on water
allocation for irrigation and other extractive commerce, to a more broad perspective including a range of economic,
social and ecological considerations that underpin sustainable water development (Jackson et al. 2008). From Cape
York to the Kimberley, tropical estuaries and coastal waters support a dynamic ecosystem that sustains coastal
finfish, crustacean and mollusc fisheries valued at approximately $220 M per annum (Savage and Hobsbawn 2015).
Ecosystem services in these habitats are sustained by the pulsed monsoonal flows within these wet-dry tropical river
systems (Burford et al. 2012). The dynamics of populations and communities are driven and then maintained during
the subsequent dry-season by wet season events (Burford et al. 2012, 2016). Interannual and seasonal cycles of
high- and low-flows sustain both the integrity of species lifecycles and of their habitats; and these communities have
co-evolved with these cycles for millennia (see discussion and references in Huey et al. 2014). Modification of the
timing, magnitude or duration of the annual, unpredictable wet-season floods will have flow-on effects for the
distribution and abundance of many species along tropical coasts.

Apart from a few mining ventures and the City of Darwin, Australian tropical coasts are remote, with minimal
anthropogenic impact. However, over recent years, commercial ventures, State/Territory Governments and the
Commonwealth Government are taking a greater interest in encouraging infrastructure and economic investment in
these remote tropical catchments. The White Paper on Developing Northern Australia (Our North, our Future: White
paper on developing Northern Australia, Commonwealth of Australia 2015) suggested that the tropical north can be
vitalised to support growing human populations and economic activity across the Asian sphere; supporting Australian
economic growth and market reach. Critical to this process would be the provision of water resources to support the
development of agricultural production in northern Australia to 2035. Yet it has also been recognised that water
should be available within the catchments and nearby coasts to support ecosystem processes: including natural
variability in flows; habitat connectivity; and the delivery of water, sediment, nutrients and organic matter through
river systems to the coastal zone.

The tropical Australian savannah is a hot, dry region that currently supports rangeland grazing enterprises
(Petheram et al. 2008, 2012). However, some regions have productive soils (Petheram et al. 2013 a,b); and with the
provision of available water for irrigated agriculture, the tropics have demonstrated the potential for the successful
tillage of irrigated croplands (Department of Water 2006). Across northern Australia, many large un-regulated
rivers deliver a significant annual discharge of water to the Gulf of Carpentaria, the Timor Sea and the Joseph
Bonaparte Gulf (Petheram et al. 2008). Southern Australian rivers are managed (arguably poorly managed) to
support irrigation agriculture by the regulation and diversion of flows. The estimation of sustainable levels of water
storage and diversion to support economic initiatives is crucial to sustainable water management (Petheram et al.
2008). In addition to the allocation of water for economic development, the un-hindered flow of a quantum of water
to sustain natural riverine, estuarine and coastal processes has to be ensured.

Not only is there a need to ensure ecosystems services are maintained for both natural communities and habitats; the
economic value of the harvest of natural populations (e.g. fisheries) also will decline from ‘present value’ under
water resource diversion and extraction for irrigated agriculture. Over 30 years of research into the population
biology of high value tropical species has shown that the catch of commercial species is highly correlated with flow
in coastal rivers and estuaries. The abundance of target species, such as Barramundi (Lates calcarifer), Mudcrabs
(Scylla serrata), Threadfin (Polydactylus macrochir) and Banana Prawns, is dependent on the brackish ecotone
within estuaries that is maintained by low flows, and migration cues provided by high floodflows (Vance et al. 1998;
Robins et al. 2005; Balston 2009; Buckworth et al. 2014).



The Australian Government is dedicating considerable policy, economic and research resources to plan expansion of
agricultural production in northern Australia (Petheram et al. 2013 a,b; Commonwealth of Australia 2015). For
example: the White Paper on Developing Northern Australia compiled by the Office of Northern Australia
(Department of Industry, Innovation and Science); and the National Water Infrastructure Development Fund which
is administered by the Department of Infrastructure, Regional Development and Cities (transferred from the
Department of Agriculture and Water Resources in 2017). White papers, green papers, water plans and various
policy outputs by State, Territory and Federal governments, as well as private industry, comprise a large suite of
plans for water use across northern Australia. Research to define the capacity of catchments to support irrigated
agriculture continues to be undertaken (the magnitude of catchment runoff, the suitability of catchment soils, and the
potential for instream and offstream storage, CSIRO 2016 a,b,c). In conjunction, quantitative studies of economic
trade-offs have been made. For example, the trade-offs between the value of water resource development and water
deployment to economic production (e.g. irrigated agriculture) vs. the values attributed to current extractive
industries (including fisheries) and existing ecosystem services provided by catchment runoff (Griffiths et al. 2014).
However, to date the studies have been restricted to a few species and catchments: ecological interactions and
ecosystem level impacts also need to be evaluated (Bayliss et al. 2014). In addition, indigenous land users in the
lower catchments of many tropical northern rivers also value water highly and strive for a water allocation that
enables economic opportunity (Jackson and Barber 2013).

Estuarine production supports an abundant population of juvenile Banana Prawns (Burford et al. 2010),
supplemented by episodic recruitment and reduced by constant predation. Together with a reduction in the
abundance of estuarine meiofauna food resources, seasonal floods (low estuarine salinity) cue the emigration of
Banana Prawns (Duggan et al. 2014). Additionally, large loads of nitrogen and phosphorus are exported on high
flood-flows to the shallow coastal waters, fuelling substantial nearshore primary production with flow-on effects for
fisheries, including Banana Prawns (Burford et al. 2016). Sediment loads deposited in the estuary and nearshore
zone maintain the integrity of intertidal and supra-littoral estuarine habitats such as mangrove forests and saltflats
(Asbridge et al. 2016). Dynamic estuaries that not only support commercial species but iconic and threatened
species such as shorebirds, sawfish and freshwater sharks and rays.

Valued at $115 M in 2013-14, the NPF relies on estuarine and shallow-inshore habitats across tropical Australia for
the juvenile phase of its most valuable penaeid prawn species (Rothlisberg et al. 1985; Dall et al. 1990; Dichmont et
al. 2008). The importance of freshwater flow on coastal and estuarine fisheries catch has been well established
(Robins et al. 2005; Buckworth et al. 2014). NPF Industry appreciates the importance of understanding the
ecological and economic trade-offs that might eventuate from new water infrastructure placement, and water
diversion for consumptive use, in Australia’s tropical catchments adjacent to fished waters. Their focus is
exemplified by the current NPF high priority Research Area: “Develop an understanding of ecological and economic
trade-offs of the impact of existing and proposed water resource development in Northern Australia”.

Currently, it is difficult to develop an appreciation of the extent of water infrastructure and development plans

as there is no single listing that collates and summarises these features. As a first step in addressing this

priority, our desktop research has reviewed, collated and mapped information on the water developments and
infrastructure placement likely to be of interest to Australia’s Northern Prawn Fishery. The information will be very
relevant to other wild-capture fisheries in the wet-dry tropics of northern Australia.



Objectives

The objectives of the project were:
o Identify available information on planned water development in northern Australia.
e Collate the information and review these plans, providing an accessible summary.

o Identify sources of information that might be used to evaluate impacts of water development on fisheries and
ecological values.

o Develop a conceptual framework for the future elaboration of ecosystem models, addressing multispecies
and ecosystem-level predictions of the impacts in the estuarine and marine environments of the water
resource development.

Methodology

The project reviewed and collated summaries of publicly-accessible information on water resource development in
Australia’s tropical savannah catchments flowing into the NPF’s management area. The project identified what is
known in terms of WRD plans, to inform management and research planning for the NPF, and in particular focused
upon collation of material that will inform the operational aspects of government policy in relation to potential
northern development (Table 1). The collated information linked the portal map of WRD
(https://research.csiro.au/npfnwd/) to knowledge summaries of key legislation, proposals, assessment reports and
consultation outputs to facilitate research and management planning. The review provides a knowledge base to
better understand the ecological consequences for key fishery species to proposed water reallocation and resource
development, and subsequent social and economic effects.

The project addressed the following questions:

=  What are the proposed water developments in northern Australia and how will they impact natural flow?

= What species and critical habitats are within the catchment and footprint of proposed development?

= What and where are the potential impacts on the biology and ecology of the NPF and other fisheries species
— threats, potential benefits and other considerations

= What cumulative impacts (i.e. in relation to other development) should be accounted for?

=  Are there potential ecological interactions due to these impacts?

= Might biological and ecological impacts of proposed developments affect non-fishery stakeholders, i.e.
indigenous landholders?

Additionally, the project sought to identify sources of information that might be used to evaluate impacts of WRD on
fisheries and ecological values. The project identified appropriate information for the preliminary parameterisation
of future ecological models as conceptualised, including ecological modelling of the impacts of WRD on the NPF’s
managed area. The project collated and analysed sources of previously-gathered information (such as references and
information provided by Bayliss et al. (2014) and Petheram et al. (2013)), with a view to making cost savings for
future research and decisions. The project provided a publicly accessible web-portal to map the location of current
and potential WRD projects and infrastructure. The web-portal displays summaries of up-to-date information and
data-sets where available and links to sites associated with independent northern water development project
documentation and information.


https://research.csiro.au/npfnwd/)

The project methodology had four major components.

review and summarise State/Territory and Commonwealth Legislation relative to water resource
management for Queensland, Northern Territory and Western Australia. Under the constitution, the
States have jurisdiction over water resources. However, the Commonwealth instituted a National
Water Initiative to enhance an overarching cohesiveness to Australian water management; this was
reviewed also,

identify sources of information that might be used to evaluate impacts of water development on
fisheries and ecological value (e.g. TRaCK (http://www.nespnorthern.edu.au/track/), FGARA
(https://www.csiro.au/en/Research/LWF/Areas/\Water-resources/Assessing-water-resources/Flinders-
Gilbert), NESP (http://www.nespnorthern.edu.au/) NAWRA
(https://www.csiro.au/en/Research/Major-initiatives/Northern-Australia/Current-work/NAWRA)) and
summarise government initiatives that support WRD in northern Australia under the ‘Developing
Northern Australia’ White Paper,

develop a web-accessible map portal that displays the location of WRDs which may impact the NPF.
The portal provides links to descriptions of these projects and relevant data. To achieve this objective,
we undertook both web-based searches and person to person contacts to identify water developments
in northern Australia,

develop a conceptual framework for the future elaboration of ecosystem models (with a focus on the
Banana Prawn (Penaeus merguiensis)), addressing multispecies and ecosystem-level predictions of
the impacts in the estuarine and marine environments of the water resource development.

Table 1. Summary of initiatives taken to explore data and information relevant to
WRD in tropical Australia.

Initiative Western Australia  Northern Territory  Queensland Commonwealth
Water Resource Legislation yes yes yes National Water
summary Initiative
In-person data gathering yes yes yes no

Government initiatives yes yes yes yes

providing support to WRD

Current-ongoing research Outside NPF yes yes Commonwealth
outcomes Management Area funds

(but relevant)

Conceptual models overarching overarching overarching  overarching



http://www.nespnorthern.edu.au/track/),
https://www.csiro.au/en/Research/LWF/Areas/Water-resources/Assessing-water-resources/Flinders-
http://www.nespnorthern.edu.au/)
https://www.csiro.au/en/Research/Major-initiatives/Northern-Australia/Current-work/NAWRA))

Results

1. State/Territory and Commonwealth Legislation

We reviewed the State or Territory and Commonwealth legislation relative to water resource management for
Queensland, Northern Territory and Western Australia. Under the constitution, the States/Territories have
jurisdiction over water resources. All States/Territories have a comprehensive Water Act. However, the
operational plans that actuate the Water Acts vary markedly between jurisdictions.

The Queensland legislature includes three tiers of water management: the Water Act (2000), Water Resource
Plans (WRPs) and Resource Operational Plans (ROPs) (Table 2). Two tiers of operation management plans
in place: one to deliver an overall operational perspective (the WRPs), and the second to define on-the-ground
deployment of regulations for the consideration by water users (the ROPS).

Western Australia legislature has a similar three-tier structure: Water Acts, Water Management Plans and
Surface Water Allocation Plans. In addition, Western Australia has ‘environmental water provisions:
monitoring and management” and ‘reservoir simulations’ that define further aspects of water management.
These aspects are not directly targeting water usage for agriculture, urban or industrial usage. It is worth
noting the Western Australia has six Water Acts differentiated by metropolitan vs. country water management;
or waterway conservation. Western Australia intends to combine the six acts into one (Anon 2013 position

paper).

Table 2. State/Territory-legislature enacting laws in relation to Water Resource
Management within scope of the Northern Prawn Fishery. The summary of page
numbers represents the size of the document, demonstrating that water
management documents for some jurisdictions are more comprehensive than
others.

State jurisdiction Western Australia Northern Territory Queensland
Water Acts YES YES (75p) YES (804p)
Six Acts separated by 2016 2000 (current 2015)
geographic target and
intent
Water Resource YES NO, ‘Water Allocation  YES
Plans (or similar) Plans’ for urban/rural
centres
Ord River only (208p) Regulations (12p) Cape WRP (multiple rivers) - under
No Kimberley rivers development

(CIEgLIEEe] 1Sl Mitchell River WRP (56p)

Gulf WRP (multiple rivers) (77p)

Resource YES NO YES
Operation Plans
(or similar)
Ord River (94p) deficient Mitchell River ROP (33p)

Gulf ROP (multiple rivers) (55p)




The Northern Territory has a comprehensive Water Act, yet the regulation and management framework that
deploys intent under the Act is poor. Primary industries are not mentioned in the Act. Northern Territory has
Water Regulations that attempt to regulate water management under the Act. However, at 12 pages of text,
they are scant compared to legislation in the states (with 50-200 pages of text). As described in later
paragraphs, the management of impacts on environmental, fisheries and mining interests by water resource use
in the Northern Territory is not stipulated in the regulations. Rather, they may be managed by an eight-person
Water Resource Management panel that may or may not be appointed under the Act. The duties of this panel
include aspects of environment and fisheries management as the panel members are selected with “relevant
qualifications or experience in bore drilling, primary industry, secondary industry, Aboriginal affairs, public
health, environmental management, fisheries and mining”.

Queensland
Queensland has three levels of water management each of which is very comprehensive.
Water Act

The Queensland Water Act 2000 (current to 2015) establishes the legal framework under which surface water
is managed in Queensland. The Act establishes the “allocation and sustainable management” of water and
operates under the principle of ecologically sustainable development. It stipulates that decision making should
integrate “long-term and short-term economic, environmental, social and equitable considerations”. The Act
does not mention fishing specifically, but does stipulate economic and environmental sustainability which
cascades to the ecosystems and ecosystem services that sustain fisheries. The Act provides for compensation
if allocated water is reduced in value or a change is made within 10 years of instigation of a WRP.

The Act stipulates environmental flow objectives and performance indicators for those objectives. The Act
considers aesthetic, historical, scientific, social, and other considerations of significance, for past, present and
future generations. Indigenous groups can ‘take or interfere’ with water for traditional activities or for
cultural purposes (one reference to fishing). There were many instances of reference to overland flow (e.g.
floodplain management or preventing water diversion) and riparian, but no reference to saltflat.

The Act exempts mining and petroleum activities from possible impacts of water extraction or harvest: e.g. the
taking of overland flow is exempted (cross referenced to Environmental Protection Act 1994).

The Act was not read in detail — searches were undertaken on words such as environmental, indigenous, fish
and fishing (one reference), floodplain, riparian, and saltflat.

Water Resource Plans

Queensland has a comprehensive array of Water Resource Plans (WRPs) often based on a single catchment
(e.g. Mitchell River WRP) or series of adjacent similar catchments (e.g. Gulf WRP.) Three WRPs are
relevant to the Gulf of Carpentaria catchments: the Mitchell River WRP, the Gulf WRP (southern catchments)
and the Cape WRP (northern catchments — under development). The rivers included in each of the
Queensland’s WRPs are listed in Table 3.

As well, the Barron River WRP delivers water to the Walsh River that flows west to the Mitchell catchment.
The Mitchell River WRP emphasises the Walsh River (one of the Mitchell Rivers major tributaries) as it is
subject to inter-basin transfers from the Tinaroo Dam on the Barron River. The water supports the Mareeba
Irrigation Area in the upper Walsh River catchment. Currently 250,000 ML of water are allocated for annual
transfer from the Tinaroo Dam and about 160,000 ML are used to service about 17,000 ha of irrigated
agriculture (SunWater representative, pers. comm.; August 2016).

The Mitchell River WRP specifically states that one of its “Outcomes for Sustainable Management of Water”
(Chapter 3) is to “support commercial fishing in the Gulf of Carpentaria, including for example, by protecting
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floodflows that may deliver nutrients and water to estuarine and marine environments to stimulate growth and
movement of native aquatic animals including fish, prawns and crabs” (Table 4). A second outcome is to
“ensure water is available to support natural ecosystem processes”.

A section on “General Ecological Outcomes for both Surface Water and Groundwater” stipulates outcomes
that account for natural aspects of flow including: natural variability; connectivity; delivery of loads (nutrients,
organic matter, sediment); water levels; permanence; wetlands. Specific ecological outcomes include
maintenance of floodflows to estuarine and marine environments to stimulate breeding, growth and migration
of native aquatic animals. Chapter 4 — Strategies for Achieving Outcomes — provides similar detail to
support ecological services for downstream ecosystems.

The Gulf Rivers WRP has a similar structure and objectives at the Mitchell River WRP; Chapter 3
“QOutcomes for Sustainable Management of Water” and Chapter 4 “Performance Indicators and Objectives for
Surface Water”. Consequently, repetition of detail will not be provided here.

The Cape WRP is currently under development and Andy Prendergast (Austral Fishing) is the NPF Industry
representative as part of the consultation process. The Cape Rivers WRP encompasses river catchments on
both the west coast and the east coast of Cape York; the east coast rivers being of no current consequence to
the NPF.

Table 3. List of rivers covered by Water Resource Plans or their equivalent (NPF
related).

State jurisdiction Western Australia Northern Territory Queensland

Water Resource Ord River No rivers included Cape WRP

Plans
Enhanced flow now Intention to remove Jardine to Coleman Rivers,
agreed by exemption for mining from  plus Cape York east coast
Government and purvey of the Act catchments

stakeholders as
‘environmental’ flow

East Kimberley Rivers ~ Water Allocation Plans for Mitchell River WRP
urban/rural centres

Not included Mitchell and Walsh rivers
(Baron River inter-basin
transfer)

Other rivers are Possible future Gulf rivers WRP

unregulated development for NT rivers?

Nicholson to Gilbert Rivers

Resource Operations Plans

Using the Mitchell River ROP as an example, the ROPs include reference to the same management outcomes
as the WRP; such as to “support commercial fishing in the Gulf of Carpentaria, including for example, by
protecting floodflows that may deliver nutrients and water to estuarine and marine environments to stimulate
growth and movement of native aquatic animals including fish, prawns and crabs”. The management
outcomes in the ROP address key ecological principles and processes demonstrating a sound knowledge-base
of the ecosystem services in GOC catchments and coastal ecosystems. Specific “ROP Rules” address each
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objective (e.g. the support for commercial fishing is addressed by ‘regulating the take of overland flow”).
Likewise, the facilitation of natural flow variability and habitat connectivity has Operational Rules such as:
data collection and assessment; and performance indicators for monitoring by the chief executive.

The management outcome to “maintain flood flows to the estuarine and marine environments of the Gulf of
Carpentaria to stimulate breeding, growth and migration of native aquatic animals” has specific Rules: i.e.
data collection and assessment; metering; performance indicators for monitoring by the chief executive. As
suggested previously, the management outcomes in the ROP demonstrate a sound knowledge-base of the
ecosystem services in GOC catchments and coastal ecosystems.

There is a single reference to water to support the growth of the mining industry in the Gulf ROPs.

Table 4. Key aspects of State/Territory legislature enacting laws in relation to Water
Resource Management (NPF related).

State Western Australia Northern Territory Queensland

jurisdiction

Critical Environmental flows; fishing NIL; Environmental flows;
statements in and fisheries commercial fishing in the Gulf
Water Resource 8 member panel with of Carpentaria

Plans or Surface relevant expertise

Water

Allocation Plans

Stock and population measures Recommendations to the  Overland flows; longstream

(size classes) minister connectivity
Defined YES NO YES
triggers or Recommendations to the
criteria levels minister (if a panel is in
place)
Trigger levels Continuous assessment Flood levels
Maintenance of overland
flows
Key words Environmental Environmental management,
impacts/implications/ estuarine, marine, growth,
management; water- breeding, migration, fisheries,
dependent ecosystems mining

Northern Territory

The Northern Territory legislation has a reasonably comprehensive Water Act that provides consideration of
environment and cultural aspects in the development and use of water resources in the NT. The NT does not
have significant operations plans such as (for example) the WRPs and ROPs that exist under Queensland
legislation. The regulations that prescribe the implementation of the Act are very limited and focus on the
mechanics of water extraction and harvest (they run to 12 pages of text relevant to all catchments). There are
no management plans specific to each catchment that might take into account peculiarities of the catchment.



The NT legislature has not developed the equivalent implementation and operation plans that take a
comprehensive approach to water management; plans that consider all aspects of flow such as downstream
impacts. The concept of environmental flows that might sustain ecosystem services is not mentioned.

Water Act (2016)

The Northern Territory Water Act establishes the legal framework under which surface water and
groundwater is managed in the NT. The Minister may declare a ‘water allocation plan’ that remains in force
for a maximum of 10 years with a 5 year review. Water resource management in a ‘water control district’
occurs in accordance with the water allocation plan. The day to day management of water is under the auspice
of the Controller of Water Resources. The act defines ‘beneficial users’, most of which are commercial users,
but one type of user is the environment — with the provision to “provide water to maintain the health of
aquatic ecosystems”. A second user is cultural — to “provide water to meet aesthetic, recreational and
cultural needs”. The commercial users are industry — to “provide water for industry, including secondary
industry and a mining or petroleum activity, and for other industry uses not referred to elsewhere in this
subsection”. It is possible that “fishing industry” is implicit here, but it is not explicit.

The Northern Territory Water Act defines the ‘environment’ (i.e. the natural environment) and incorporates
the sentences “to provide water to maintain the health of aquatic ecosystems”; and (under Section 22B —
Water Allocation Plans) incorporates the combination of Clause 5a “water is allocated within the estimated
sustainable yield to beneficial uses” and Clause 6 *“an allocation under subsection (5) (a) is to include an
allocation to the environment”. The Act also considers environmental implications in relation to pollution and
an ‘environmental offence’.

However, the regulations under the NT Act do not mention the word “environment” or ‘aquatic’ or ‘habitat’.
There is no explicit consideration of ‘sustainable management” of water or overarching principles, such as
ecologically sustainable development. There is no specific mention of “fishing” in the NT Water Act or the
implication that change or interruption to flow may impact fishing activities or have other downstream impacts
such as upon fish movement. The word ‘migration’, as in downstream fish migration, is not mentioned in the
NT Act. The regulations fail to provide a framework under which the allocation of water to ecosystem
services can be made.

Under the NT Act, the Minister can appoint a Water Resources Review Panel to take a range of considerations
including “by instrument in writing, appoint a group of 8 persons for the purposes of subsection (2) having
respectively, in the Minister's opinion, relevant qualifications or experience in bore drilling, primary industry,
secondary industry, Aboriginal affairs, public health, environmental management, fisheries and mining”. This
section of the Act seems to be the sole section considering and supporting downstream impacts and impacts
from change in natural flow regime (Table 2).

A recent proposition in conjunction with Native Title in the NT in the allocation of a quanta of the
‘commercial portion’ of allocated water to a Strategic Indigenous Reserve (SIR). The SIR is designed to
provide economic benefits to indigenous residents within a particular catchment from the use and trade in
water (Jackson and Barber 2013). Water allocation to a SIR may encompass a significant portion of
catchment runoff. In approximately 2009 and progressed thereafter, a SIR was proposed for the Roper River
catchment as part of the “Mataranka Plan’ (water plan). However, in 2013 with a change of government,
support for SIRs evaporated. In 2016, the NT Government changed political creed again; it is possible SIRs
may be re-invigorated.

Water Resources Investigation

Under NT legislation, the Controller of Water Resources has a duty “to enable effective planning for water
resource development and environmental protection”. As practicable, the Controller shall ensure that a
continuous program for the assessment of water resources of the Territory is carried out. To undertake the
Controller’s duty, the assessment will include the “investigation collection, collation and analysis of data
concerning the occurrence, volume, flow, characteristics, quality, flood potential and use of water resources”.
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Stream-flow gauging and recording, water analyses, and cooperation with the Commonwealth will facilitate
data collection.

Recently, the NT Government announced its intention to remove the exemption of Mining and Petroleum
activities from assessment under the water act (Water Management on Mining and Petroleum Sites; Fact
Sheet). Water management on Mining and Petroleum sites will come under the Act.

Water Regulations (2008)

The NT Water Act is complemented by a set of Water Regulations (2008) which specify the permits and
licences and general rules under the legislation. The regulations are a short description of the mechanics of the
legislation. The Regulations under the NT Water Act do not mention the words “‘environment’ or ‘aquatic’ or
‘habitat’. Likewise, the words “fishing’, “flow’, ‘environment’ or ‘mining’ are not mentioned in the Water
Regulations. Unlike in other northern State legislatures, the NT regulations are not a comprehensive water
management strategy such as the Queensland WRPs or ROPs (Table 3). The regulations fail to provide a
legislated framework under which the allocation of water to ecosystem services can be made.

As part of the Commonwealth’s National Water Initiative 2004, the Northern Territory provided a
commitment to allocate 80% of surface water and groundwater resources to environmental and other public
benefit water provision. Extraction of water for consumptive use (e.g. irrigated agriculture) will not exceed
20% of a threshold level equivalent of river flow or groundwater recharge. The commitment of 80% of
surface water to ‘environmental flows’ is direct support for coastal processes and ecosystem services that
sustain estuarine and coastal fisheries. The commitment was documented as the ‘“Northern Territory Water
Allocation Planning Framework’ and is sometimes called the 80:20 rule (see https://denr.nt.gov.au/land-
resource-management/water-resources/legislation-and-policy/water-management-principles).

In overview, WRD in the Northern Territory exists at a lower level of water extraction or impoundment, and
infrastructure placement, than in either Western Australia or Queensland. No comparable WRPs exist in the
Northern Territory. No large irrigation areas exist. Darwin River Reservoir supplies urban water
requirements for Darwin City. Authorities look to Manton Dam and the Adelaide River catchment for future
urban water supplies. Many towns in the Northern Territory use underground water supplies as their major
water source (https://www.powerwater.com.au/networks_and_infrastructure/water_services/water_supply).

During the undertaking of this project additional information has come to hand. The Northern Territory has
developed Water Allocation Plans (WAPSs) that determine the on-ground management of water in the Northern
Territory. The WAPs are legislative instruments similar to the Queensland WRPs and improve water
management in the NT. To date, three plans have been declared and the fourth plan will be declared soon:
Alice Springs, Berry Springs, Katherine (declared), and Western Davenport (vicinity of Tennant Creek) (see
https://nt.gov.au/environment/water/water-control-districts). Currently the WAPSs deal with urban/rural water
allocation in the vicinity of NT townships. No similar management initiatives are being undertaken for any of
the significant river catchments in the NT, but the emphasis on water management instruments at an
operational level (a level below the Water Act) shows recognition by the NT Government of the need for
action in this sphere.

Western Australia

Western Australia (WA) has six Water Management Acts, complemented by two tiers of operation
management plans in place: one to deliver an overall operational perspective (Water Management Plans,
WMPs), and the second to define on-the-ground deployment of regulations for the consideration by water
users (Surface water Allocation Plans) (Table 2). The WA government website informs that water regulators
are developing/enacting new legislation to draft a universal Water Act. It is not yet in place.

WA has a series of WMPs similar to the Queensland WRPs. The geographic coverage of these plans is
limited to significant areas of current and likely water development. There are no plans for large sections of
the remote north of the state, such as the Kimberley. The only WMP in a catchment adjacent to the NPF is the
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Ord River WMP. Other management plans in the north include the Pilbara Regional Water Plan and the La
Grange Groundwater Allocation Plan.

Water Acts (1914, 1976)

The Western Australian Act establishes the legal framework under which surface water and groundwater is
managed in the Western Australia. WA has six acts that are relevant to Water Resources Management and
associated regulations. Currently, WA is developing/enacting new legislation as a universal Water Act. But it
is not yet in place. The WA Acts are established legislation; they have been in place since the 1970s and
1980s. The principal legislation is the “Rights in Water and Irrigation” (1914) which deals with access rights
and supply. This old legislation makes no reference to words such as ‘sustainability’, ‘environment’,
‘migration’, ‘overland’, ‘riparian’ or “fishing’; demonstrating that issues of sustainability and environmental
flows to support ecosystem services were not considered in the early 1900s. Other Acts are specific to
Metropolitan Water Supply and Country Water Supply.

In 2013, a position paper “Securing Western Australia’s Water Future (reforming water resource
management)” was released. It is a focus point for the redrafting of WA water legislation and updates the
water management conversation with 21 century concepts. The position paper deals with ‘environmental
water’ but make no mention of “sustainability’, “fishing’, ‘overland flows’ or ‘riparian’. Interestingly, the
position paper stated explicitly that precipitation in the south-west WA has reduced by 15% since the 1970s
and that the subsequent runoff has declined much more by 75% (338 GL to 75 GL). The paper predicts a
continued decline in precipitation by 2030. These changes are attributed to a drying climate.

The “Waterways Conservation Act” (1976) has reference to the ‘interests of navigation, fisheries, agriculture,
water supply, recreation and leisure-time occupation for the benefit of the public, the natural beauty and
amenity of the area, and the preservation of public rights of access’. The Act has many references to
environmental protection and the development of criteria to assess environmental change or pollution.

In WA, the WMPs and WAPs provide a much more robust consideration of environmental flows and water
management that considers floodplain and downstream impacts unrelated to the direct consumption of the
water.

Water Management Plans

The WA Water Acts are complemented by a series of WMPs. The geographic coverage of these plans is
limited to significant areas of current and likely water development. The majority of southern rivers have
WMPs in place. The WMPs provide key principles and approaches to the consideration of environmental
flows and maintenance of ecosystem services

There are no WMPs for large sections of the remote north of the state, such as the Kimberley. The only WMP
in a catchment adjacent to the NPF is the Ord River WMP. Other management plans in the north include the
Pilbara Regional Water Plan and the La Grange Groundwater Allocation Plan.

The Ord River WMP incorporates water allocation from Lake Argyle to the Ord River Irrigation Area.
Roughly 14,000 ha of land are irrigated in the Ord River basin under Ord River Stage 1. Currently, 13,400 ha
of land is being developed under the Ord River Stage 2 initiative (Bennett and George, 2014; Raper et al.
2014). Ord River Stage 3 (Cockatoo Sands) is under consideration (~6,000 ha; Smolinski et al. 2015). Lake
Argyle is a huge water storage (10,763 GL) and it has the potential to provide 750,000 ML of water annually
to downstream irrigation (Ord River ~4,400,000 ML annual discharge) (Department of Water 2006; Anon.
2013). Historically, the Ord River Irrigation Area deployed inefficient irrigation infrastructure and over the
last 40 years significant runoff downstream of the irrigated area due to leakage, as well as the release of water
for hydroelectric power generation has occurred.

The Ord River WMP specifies the interplay between the “needs of the riverine environment of the lower Ord,
and commercial water needs of irrigation and hydro-power generation, over the next three years”. The Ord
River WMP contains a subject chapter on Environmental Water Provisions; considering social water values
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(including aboriginal cultural values), native title issues. There is consideration of environmental flows in
relation to RAMSAR wetlands in the Ord River estuary and adjacent supra-littoral habitat. In all likelihood,
prime Banana Prawn habitat is found adjacent to RAMSAR wetlands in the Ord River estuary; so the
maintenance of RAMSAR sites will support juvenile Banana Prawn habitat. The word ‘exempt’ does not
occur in the Ord River WMP, indicating that no sector can override another sector and gain access precedence
for water.

A significant focus for the Ord River WMP is the freshwater riverine habitats: “Maintaining sufficient in-
stream habitat for invertebrates and fish during the dry season” was the primary factor used to establish
environmental water provisions for the lower Ord River. This was achieved by limiting the change in
measures of dry season in-stream habitat; the limit point being change considered of low ecological risk.
Measures of instream habitat were determined over a range of flow regimes, including the flow rates
considered typical of dry season conditions since the Ord River Dam was constructed (50-60 m® s™)”.

Since the Ord River Dam and hydroelectric power station was completed in 1972, dry season flows in the
lower Ord River have increased significantly. These year-round elevated flows have now been accepted by the
WA Department of Environment (and hence the WA State Government) as ‘environmental flows’. The flows
also are accepted by local stakeholders as ‘environmental flows’; in some cases they are necessary for local
economic activity (e.g. guided barramundi fishing charters on the lower Ord River and the estuary). The
productive estuarine fishing locations are accessed from accommodation camps on the banks of the lower Ord
River. The 40 year historical duration of these flows was a major factor influencing the collaborative decision
to accept elevated flow as ‘environmental’ flow (including community consultation, Anon. 2013). Targeted
releases from Lake Argyle may supplement the environmental flows when base flows from other catchments
(e.g. Dunham River) are low. Under the Ord River Surface Water Allocation Plan, in years of drought the
level of environmental flow can be reduced by 12 and 23% due to restrictions triggered by low water levels in
Lake Argyle (Anon. 2013).

The runoff maintains significant perennial flows in the lower Ord River and its estuary. The remainder of
rivers that flow into Cambridge Gulf are typical of the wet/dry tropical Australian Rivers and either cease to
flow or have very low base flow by the mid-to-end of the annual dry season. Salinities in their estuaries range
from 31 to 34 (Kenyon et al. 2004). The constant significant flows in the lower Ord River are very non-
characteristic of river flows in the Australian tropics and they drive low salinity habitats in the Ord River
estuary. Low salinity in the upper Ord River estuary (<2 salinity at low tide in the upper estuary, 23.5 in the
lower estuary) precludes much the estuary as prime habitat for medium to large juvenile Banana Prawns as
they cannot tolerate salinity as low as <5 ppt. During September to November when most estuaries support
abundant juvenile prawn populations, Banana Prawns were scarce in the Ord River estuary due to low salinity
(>250 juvenile prawns 100 m in similar estuaries compared to nil prawns caught in the upper Ord River
estuary and ~10 prawns 100 m * overall in the Ord River estuary). In the case of red-legged Banana Prawns,
the low salinities in the Ord River estuary impede the capacity of the estuary to act as critical nursery habitat
for Banana Prawns (Kenyon et al. 2004).

The Ord River WMP recognises that the salinity regime of the lower reaches of the Ord River has changed in
the last 30 years, but notes that other estuaries in the Cambridge Gulf complex are in near natural condition
and that these estuaries should sustain species and ecosystems in a condition similar to their existence prior to
dam construction. During development of the Ord WMP, the community was consulted and when considering
economic issues the aim of maintaining commercial fisheries was itemised. The stated objective was to
“maintain opportunity and protect fish habitat”.

Section 2.5.3 of the WMP addresses Cambridge Gulf and the interests of commercial fishing. Barramundi
and prawn fishing were noted; as was use of port facilities in Wyndham. The description of the use of the Ord
River estuary by juvenile Banana Prawns was poorly researched and contains inaccuracies. The words
“fishing’, “flows’ (environmental provision), ‘environment” and ‘mining’ (underground mining requiring
electricity)’ are mentioned often in the WMP.
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Water Allocation Plans (surface water and ground water)

The post-dam consideration of environmental flows is reinforced by the Ord River Surface Water Allocation
Plan (2012).

The Ord River Surface WAP provides the third tier of proscribed management of Ord River catchment waters.
It considers fish and fishing but with a focus on freshwater fish or catadromous and anadromous fish that
spend considerable time in freshwater habitats.

The Water Corporation’s storage licence stipulates that the environmental water provision for baseflow and
wet season flow targets are met via the release of enough water through the Ord River and Kununurra
Diversion dams to meet flow targets. A dry season baseflow of 42 m®s? is required from the Kununurra
Diversion Dam downstream to House Roof Hill. Downstream from House Roof Hill to the tidal limit, the
shape of the main channel changes and the required baseflow is 37 m® s* (5 m® s lower than the upstream
reach). The wet season baseflow ranges from 48 m*® s to 57 m®s™. As for the WMP, the words *fishing’,
“flows’ (environmental provision), ‘environment’ and ‘mining’ (underground mining requiring electricity)” are
mentioned often in the WMP.

Commonwealth legislation

Given that the States/Territories hold water management and allocation rights Australia-wide, they can be
disparate and inconsistent in the deployment of best practice management. From 2004 to 2014 the
Commonwealth enacted the National Water Commission (NWC) and the National Water Initiative (NWI,
initiated in 2004) to provide a framework for consistent, evidence-based water management across Australia.
In 2014, the NWC was abolished and its duties taken over by the Productivity Commission which continues to
implement the NWI.

The NWC developed a series of documents to define best-practice water management. Chapter three outlines
the NWC'’s principles of Sustainable Water Management, including:

e Summary of impacts

o 3.1 Understanding water resources

o 3.2 ldentifying environmental objectives and water regimes
¢ 3.3 Returning systems to sustainable levels of extraction

o 3.4 Recovery of water for the environment

¢ 3.5 Increased security of environmental water

e 3.6 Environmental water management

e Summary of findings

These objectives enhance the management of water to sustain ecosystem services Australia wide. Despite the
abolition of the NWC, senior management in Queensland’s regional DENR office in north Queensland
continue to refer to Chapter 3 for guidance on water management to sustain the environment. Other NWC
initiatives that may enhance environmental flows to the benefit of the NPF are indigenous access to water
which may enhance end-of-system flows and enabling State/Territory legislation that supports NWC
objectives.

Currently, the Australian Government has committed policy and funds to support future development of water
infrastructure for irrigated agriculture across Australia, also with an emphasis on developing northern
Australia (Commonwealth of Australia, 2015 and see: Office of Northern Australia, Department of Industry,
Innovation and Science; http://northernaustralia.gov.au/). Co-funding initiatives are available to State and
Territory Governments to develop water infrastructure via the National Water Infrastructure Development
Fund (https://infrastructure.gov.au/infrastructure/water-infrastructure/nwi-development-fund/) and the
National Water Infrastructure Loan Facility (https://infrastructure.gov.au/infrastructure/water-
infrastructure/nwi-loan-facility/). Successful water infrastructure placement proposals are required to be
assessed and approved in accordance with Commonwealth and State/Territory environment assessments which
will consider the impacts of proposed water diversion or impoundment on catchment and downstream
ecosystems, communities and Species.
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Summary

Catchment-scale water resource management plans exist in Western Australia and Queensland, but not in the
Northern Territory. Within the State’s and Territory’s legislative frame work, the opportunity exists for all
stakeholders to have input to the development or modification of WRPs (or their equivalent). Currently, NPF
Industry is engaged in the development of the Cape Rivers WRP in Queensland. Stakeholder engagement
allows fishery managers to incorporate fishery-important information into the development of water resource
management protocols, to provide least-impact water management strategies that service both the demand for
water for irrigation purposes and the provision of environmental flows to sustain the yields of downstream
fisheries.

It is likely that WRPs will be modified or adopted for major tropical river catchments in the coming years.
The Commonwealth Government focus on developing northern Australia (see Commonwealth of Australia
2015) specifies several major river catchments with potential soil and water resources that can support
irrigated agriculture if appropriate water storage and harvest infrastructure is provided within the catchments.
In addition, the Commonwealth is funding major projects to estimate and scope the use of these soil and water
resources (see CSIRO 2016 a,b,c). As has occurred for the Flinders and Gilbert Rivers, review of the water
resources of these catchments will identify unallocated water resources with the potential for development to
sustain irrigated agriculture (see Petheram et al. 2013 a,b). In each case, current WRPs for catchments
identified as having water resource development capacity will be reviewed and modified to reflect the
knowledge-outcomes from water assessment projects such as the Flinders and Gilbert Agricultural Resource
Assessment (FGARA). In the case of the Northern Territory, the Northern Australia Water Resource
Assessment (NAWRA, see CSIRO 2016 a) might instigate the development of WRPs for major NT river
catchments.

NAWRA outcomes will be used to inform stakeholders of a suite of information about the potential of
Australian tropical savannahs for irrigated agriculture, and the likely impacts within each catchment. In each
case of active development or modification of WRPs, NPF management should engage the managers of the
water resource development process as a stakeholder. NPF inputs should be cutting edge, to provide best-
knowledge to the water management specification development to facilitate least impact on flow-dependent
downstream fishery production.
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2. Web-accessible map portal displaying Water Resource
Development which may impact the Northern Prawn Fishery

We developed a web-accessible map portal that displays the location and scope of significant projects or
infrastructure that incorporate or require Water Resource Development (WRD) for their construction or
ongoing operation (Figure 1, and see https://research.csiro.au/npfnwd/). In many cases this WRD may impact
the NPF. Not all infrastructure placement will impact the NPF. The portal provides links to websites that
describe the projects or infrastructure; and links to government websites that provide regulatory provisions or
other legislative oversight pertaining to the project (Figure 2).

River flow is crucial in the life cycle of a suite of estuarine and marine species important in

commercial, recreational and Indigenous fisheries in northern Australia. The species include highly valuable
commercial species and iconic recreational and Indigenous target species — Banana Prawns, Barramundi, Mud
Crabs, Threadfin Salmon and Grunter (Barred Javelin).

Interannual and seasonal cycles of flood flows and low-flow sustain both the integrity of species’ lifecycles
and the integrity of habitats on which they depend. Iconic species, such as sawfish, as well as supra-littoral
and coastal habitats, such as salt flats, also depend on river flows. These species and habitats have
conservation and cultural value in addition to economic significance.

Currently, Australia’s northern rivers support substantial economic and social value. More broadly water is a
valuable commodity in other sectors. Irrigated agriculture and water development infrastructure have policy
and budgetary commitments within substantive government initiatives to develop northern Australia.

This is exemplified by the recent report, “Our North, our Future: White paper on developing Northern
Australia” (Commonwealth of Australia 2015), as well as other white papers, green papers, policy outputs and
water plans by State, Territory and Federal governments. Government initiatives are complemented by
investment proposals by private industry.

It is difficult to develop an appreciation of the extent of WRD plans, or to readily access detail, as there is no
single listing, or collation that summarises facilities or infrastructure. A current NPF high priority Research
Avrea is to “Develop an understanding of ecological and economic trade-offs of the impact of existing and
proposed water resource development in Northern Australia”; underpinning the need to understand the
number, type and extent of WRD initiatives. As a first step in addressing this priority, this desktop research
has reviewed information, collated relevant summaries and mapped the water developments likely to be of
interest to northern Australia’s fisheries, principally the Northern Prawn Fishery. The project summary and
infrastructure listings are presented in the ‘Proposed North Australian Water Developments’ portal (Figure 1).
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Figure 1. Portal display of proposed northern Australian water developments as
captured/examined by this project (https://research.csiro.au/npfnwd/).
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38

48
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39

40

41

Project
Northern Territory
Blackmore River Aquaculture Project Phelps/Panniza Holding

Bonaparte floating LNG project

Browns Sulphide project {expansion of Browns Oxide project) Compass Resources

Clarence Strait Tidal Energy Project
Condensate Processing Facility East Arm Darwin
Cosmo Deep Gold Mine

Darwin Refinery TNG Limited

East Point Qutfall Project

Frances Creek Elizabeth Marion Area Mining
Howard East Borefield upgrade

Kilimiraka Mineral 5ands Project

Manton Dam return to service

Marrakai Dam

Mount Peake Mine

It Grace Batchelor Magnesium mine Mt Grace Resources NL

Queensland

Etheridge Integrated Agricultural Project (Gilbert River)
Flinders River Agricultural Precinct

Minyango Coal Deposit Mining Project

Mitchell River Pinnacles Dam

Off-stream storage in the Flinders River catchment
Three Rivers Irrigation Project

Valhalla Uranium Deposit

Westmore Uranium Depaosit Laramide Ltd
Skardon River Bauxite Project

Amrun Mining Expansion, Bauxite Mine

Western Australia

Bonaparte Plains - Ord East Kimberley Expansion - Water for Food

Bringing water from the Kimberley to Perth
Expansion of the Ord River irrigation scheme Stage 2
Kimberley irrigated water pipeline system

Ord Irrigation 5tage 3 - Cockatoo Sands

Shell Prelude FLNG

Status Latitude

in construction -12.757307

On hold status uncertain  -12.972505

On hold status uncertain  -12.995218

Notice of intent -12.069396
On hold -12.4794386
Possibly producing -12.582295
Notice of intent -12.560844
Notice of intent -12.401142
EIS prep -13.614
planned -12.503
Notice of intent -11.797491
planned -12.858
proposed -12.913
EOQI prep -21.63
On hold -13.045541
planned/in progress -18.08
CSIRO report -20.85
feasibility study -14.150394
unlikely -16.469
CSIRO report -20.85
planned/in progress -18.354
On hold -20.452932
Test drilling -17.501283
EIS prepared -11.758581
EIS prepared -12.539418
planned -15.1674
unlikely -15.572
planned -15.782882
white-paper option -16.737
proposed -15.52
in construction -13.876257

Longitude

130.945262
128.367355
130.99318
131.045073
130.913867
131.05945595
130.971667
130.815471
131.734
131.133
130.217094
13
131.24
133.283

131.0295998

143336
1442
143.044291
144292
1442
140.569
139.217935
137.584829
142.070245

141628714

128.507
126.57
128.743532
126.531
128675

12239254

Accuracy

within 20 km
not exact
exact

within 5 km
within 5 km
within 1 km
within 5 km

within 1 km

within 1 km

within 10 km

not exact

within 5 km

not exact

within 10 km

within 50 km

exact

within 20 km

not exact

not exact

within 50 km

Type

Aquaculture
LNG

Mining

Tidal energy
Petroleumn processing
Mining

Qil

Sewage Outfall
Mining

Water supply
Sand rmining
Water supply
Dam

Mining

Mining

Agri-processing facility
Irrigation

Mining

Dam

Storage

Irrigation

Mining

Mining

Mining

Mining

Irrigation
Water transport
Irrigation
Irrigation
Irrigation

Maobile gas platform

Figure 2. Snapshot of tabulated data displayed via the Proposed Northern Australia
The tabulated data shows the project, its
completion status (e.g. concept, feasibility study, in construction), its location
(latitude, longitude), the type of infrastructure (e.g. an instream dam, or off-stream
storage), and providing a link to third-party websites that describe the proposal, or
a link to a government review-process of the water resource development project.

Water Developments (PNAWD) portal.
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As well, the portal provides the location and scope of major research projects that provide key research
outcomes and summary information of investigations to understand impacts of the infrastructure and activity
on in-situ physical and biological systems (Figure 3).

To achieve this objective we undertook both web-based searches and person to person telephone calls with
State- and Territory-based WRD managers in each of Western Australia, Northern Territory and Queensland.
Our web-based searches have determined possible infrastructure, agricultural and mining construction and
operation initiatives in northern Australia. Person-to-person discussions have accumulated regional-level
information on Water Resource Developments in northern Australia.

To complement the data acquisition, we have undertaken data management tasks relative to data categorisation
and storage.
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Figure 3. Snapshot of the location of projects that have provided (Flinders and
Gilbert Agricultural Resource Assessment) and will provide (Northern Australia
Water Resource Assessment and Northern Ecosystem Science Project) significant
information about the impacts of water resource development on catchments and
estuaries with scope of the Northern Prawn Fishery.
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Queensland
In-person data gathering (and web-search follow-up).

In particular, we spoke to Mr. Patrick Huber and Mr. Peter Siemsen (A/Manager) - Water Planning; Water
Services, Natural Resources — North region; Department of Natural Resources and Mines, Queensland.

Currently, the Cape York Rivers WRP is still under development. A ‘Statement of Proposals’ commencing a
water resource planning process’ was issued in May 2016 (see www.dnrm.gld.gov.au). The Cape York WRP
will be developed under the amendments of the Water Act (2000) through the Water Reform and Other
Legislation Amendment Act 2014 (legislated 26 Nov 2014). The process contains a context for major issues
to be addressed and a framework to shape the Plan from the State of Queensland.

Currently, the Gulf Rivers WRP is being amended and in May 2013 a tender process for 80,000 ML of un-
allocated water was put in place. It is anticipated that, under the revised Gulf Rivers WRP, more un-allocated
water will be released to tender following the Flinders Gilbert Agricultural Resource Assessment (FGARA)
analyses and report by CSIRO (Petheram et al. 2013a,b). Further un-allocated water will be released under a
tender process and assessment of proposals. A water budget for environmental flows will be maintained.

In the last 5 years, there have been applications made for significant irrigated agriculture projects on Cape
York and in the Gulf Savannah (one has lapsed).

Three Rivers Irrigation Project

The Three Rivers Irrigation Project is being developed by the Stanbroke Pastoral Company (NAWD portal -
project #36). The project scope is to develop a 15,000 ha irrigated cropping land for cotton, sourcing water
from the lower Flinders River (total project area 20,422 ha). The project is located on Stanbroke’s Glenore
Station (234,000 ha) approximately 100 km south of Normanton and within about 100 km of the Gulf of
Carpentaria coast. The capital investment in the irrigation project is >$200 M. The Project is within the
scope of the Gulf Rivers WRP and the Carpentaria and Croydon Shire Councils. In May 2013, a tender
process for 80,000 ML of revised-unallocated water resulted in Stanbroke acquiring 28,800 ML of water
(Anon 2015). The Three Rivers Irrigation Project has been designated a Project of State Significance. As
such, it is not subject to the current moratorium of the uptake of water licences for irrigation purposes.
Stanbroke anticipates that, under the revised Gulf Rivers WRP, more un-allocated water will be released to
tender which will supplement their needs for the Three Rivers Irrigation Project.

As of September 2017, an Environmental Impact Statement (EIS) is being prepared and will be available on
the Queensland Coordinator Generals web site (see Terms of Reference at
https://www.statedevelopment.qld.gov.au/). The Terms of reference were set on 8" October 2015. On the 6"
April 2017 the Coordinator-General stated a new project declaration lapse date of 6™ April 2018.

The Three Rivers proposed cropland irrigation plans to extract ~150,000 ML anum™ from the lower Flinders
River by a possible diversion structure or weir. Water will be stored in tank-dams with a combined capacity
of 150,000 ML (see: https://www.statedevelopment.qgld.gov.au/resources/project/three-rivers-irrigation-
project/three-rivers-irrigation-project-ias.pdf). Currently, no final EIS exists and the proponent relies on
CSIRO’s Flinders Gilbert Agricultural Research Assessment (FGARA) analyses to predict the impact of
water extraction on flows. Stanbroke Pastoral suggests that the reduction of median rivers flows (end-of-
stream) would be at most 28% of median flow (Anon. 2015). They quote the CSIRO’s FGARA analyses on
the likely reduction in barramundi and prawn catch in response to 212 and 532 GL of water extraction from
the combined flows of the Flinders and Gilbert Rivers, to justify a small impact on coastal fisheries from their
irrigated croplands (<4%) (Bayliss et al. 2014). The water will be drawn from the river during monsoon flood
events to minimise impacts on natural floodflows at other times of the year. Partial flood diversion during
high flows may have little impact on aspects of flow and riverine connectivity. However, a weir of the lower
Flinders River would impact natural low-flows and may reduce the baseflow and early-season low-flow
contribution of freshwater inputs to the estuarine brackish ecotone, with subsequent impacts on estuarine
habitats for key commercial species. As well, a weir so low down in the riverine reaches would impact the
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long-river connectivity for species such as Barramundi, Mullet, Freshwater Sawfish and Freshwater
Whiprays.

Etheridge Integrated Agricultural Project

The Etheridge Integrated Agricultural Project (EIAP) was a large scale irrigated farm and integrated agri-
processing facilities 78 kms west of Georgetown, southern Cape York. The project proponent was Integrated
Food and Energy Developments Pty Ltd (IFED), a private company with the specific purpose of developing,
financing and constructing large scale agricultural projects in northern Australia. The proposal included
65,000 hectares of irrigated cropping and the use of crop-trash as cattle feed. The capital investment in the
irrigation project was $2 Billion.

Water for crop irrigation was to be flood harvested from the Einasleigh and Etheridge rivers and diverted into
two specially constructed off-stream storages with a combined capacity of 1.6 million ML. The off-stream
storages were planned to contain four (4) years irrigation capacity. The project proponent planned to harvest
the peak floods only, enabling minor and low floods to pass by the offtake point. It planned to achieve this by
cutting a benched offtake in a gorge upstream of the irrigated lands and channel water to its land holding.
IFED proposed that a small proportion at 8.8% (550,000 ML) of the average annual discharge of water from
the Gilbert River catchment would be harvested. The water would be taken from large floods only. The
inconsistency of this plan was that series of years with low floodflows can extent to 5-7 years in the Gilbert
River catchment which would mean the IFED water storage (4 year capacity) would fail during these dry year
series. In addition, while the diversion of annual water discharge was equivalent to < 10% of the Gilbert
River’s average annual discharge, the average diversion of mean annual flow from the Einasleigh and
Etheridge rivers was significantly higher (~ 30% and 40%, respectively).

The Coordinator General set the terms of reference for the EIS for the IFED project on 4™ March 2014. On
the 25" August 2015 the Coordinator-General stated a new project declaration lapse date of 5" September
2016. The EIS was not submitted and the “coordinated project’ declaration lapsed on the 5" September 2016.
Currently there is no ongoing publically-known interest in the proposed development. Mr. Patrick Huber
(Water planning, Queensland) suggested that there was considerable interest in the un-allocated water in the
Gilbert River catchment that was previously within scope of the IFED proposal.

It is worth noting that two employment positions for project management for irrigation development in each of
the Tablelands Regional Council (Mareeba) and the Etheridge Shire Council (Georgetown) were advertised in
early 2017; perhaps reflecting future demand.

Other projects impacting Water Resource Development

Two new mines are in the process of development on northern Cape York in the vicinity of Weipa: the Metro
Mining Bauxite Hill Mine in the vicinity of the Skardon River; and the Amrun Mine to the south-west of the
Embley/Hey Rivers. This is in addition to the current Rio Tinto Mine, serviced by the town of Weipa.

The Metro Mining Mine is in the vicinity of Mapoon on the Wenlock River
(http://www.metromining.com.au/resources-projects-mines/bauxite-hills-mine/environmental-impact-
statement/) and in the past has been referred to as the Skardon River bauxite mine. The mine is within the
catchment of the Skardon River with a barge landing on a tributary of the river. The mine proposes to extract
an estimated 390 ML of water per annum (maximum) from groundwater sources rather than overland
floodwater. Consequently, Metro Mining has suggested that the mine should have little impact on overland
and river floodflows. The extraction of groundwater by the mine may have an impact on river baseflow;
particularly during the last third of the dry-season.

The Amrun Mine to the south-west of the Embley/Hey Rivers is an expansion of the Rio Tinto bauxite mine
footprint at Weipa. Initially, it was referred to as the South Weipa mine. Similar to the Metro Mine, the
Amrun Mine proposes to source most of its water needs from groundwater (12 artesian bores), although there
is provision of a small dam on a tributary of the Norman Creek in the northern section of the mining lease, and
pumped water from the Ward River in the south.
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The Amrun Mine project’s water requirements range from 16 gigalitres (GL yr™) at 15 million dry product
tonnes per annum (MDPTA) to 64 GL yr* at 50 MDPTA (http://www.riotinto.com/australia/environmental-
impact-statement-16114.aspx). Water conservation and reuse would be deployed and used preferentially as
process water: recycled from the tailings storage facilities and the mine infrastructure area. In order of
preference, water would be drawn from tailings storage facilities, the mine infrastructure areas, the Norman
River water supply dam, and lastly the 12 artesian bores. Supplementary water would be drawn from the
Ward River (pumped).

Information published in the project’s EIS suggests that the water supply dam would reduce the average
annual flow in the tributary immediately downstream of the dam by 12-50%, depending on ore production
rate. However, over the Norman Creek catchment, the overall decline in flow (maximum of 15%) is ‘well
within the normal range of river flow’. The Norman Creek is a small river that flows west to the GOC in the
vicinity of Boyd Point-Thud Point.

The EIS informs that currently Rio Tinto Alcan Weipa extracts up to 9 GL per yr* of artesian groundwater
under an existing water licence. Rio Tinto Alcan intends to apply to increase the allocation to a five year
moving average of 12 GL per yr™ with a peak extraction of 15 GL in any one year. Importantly, from an
environmental sustainability viewpoint, the water supply dam on the tributary of Norman Creek/ River would
be fitted with an outlet to facilitate the release of environmental flows and the spillway will be designed to
allow fish passage when overflowing.

The annual volume of water pumped from the Ward River would be capped at 1% of average annual flow and
the rate of pumping would be less than 20% of river flow rate at any time including low-flow periods. This
scenario suggests that during the dry season, little water could be used from the Ward River; perhaps
coinciding with periods of significant water demand and limited supply from the other sources? The Ward
River flows south through the mining lease and enters an estuary in the vicinity of Aurukun, Cape York.

Currently, water resource development to support irrigated agriculture within the mid-to-lower Mitchell River
catchment is not prominent. There is significant historical irrigated agricultural development currently
deployed in the Walsh River catchment; an upper tributary of the Mitchell River. This area is the Atherton
Tablelands which is managed under the Mitchell River WRP as it diverts water from the Barron River (an
inter-basin transfer) to irrigate these fertile lands. Currently, the Mitchell River catchment is being studied
under the auspice of the Northern Australian Water Resource Assessment which is assessing the topography,
soil types and water resources of the catchment. The aim of NAWRA is to describe the potential of the
currently-mostly-grazed-lands majority of the Mitchell River catchment to support irrigated agriculture and
ancillary industries. There is an expectation that the catchment will be re-evaluated for agricultural
development following the release of the NAWRA reports in ~2019. Presumably, un-allocated water
resources will be allocated to potential irrigated land developments to facilitate their establishment.

Historical interest in irrigated lands in the Kendall River/Arukun River area exists. Currently, water licences
in this region are under a moratorium pending the finalisation of the Cape Rivers WRP. In 2015, Kendall
River Station owners submitted an application to clear 7800 ha of land for forage production to the
Queensland Government. It was rejected. The Cape Rivers WRP encompass the intensive, irrigated banana
plantations in the Lakeland Downs area in the central Cape York region. The water used on Lakeland Downs
is drawn from the Normanby Rivers and tributaries of the eastern Cape catchments (flowing into Princess
Charlotte Bay). As these rivers are eastward flowing, they will have no impact on NPF catchments and flows.
Dry land agriculture growing other crops also occurs in the Lakeland area, together with dry land agriculture
in the Archer and Leannie Rivers (the Archer being a westward flowing river). There is interest in the
construction of privately-funded dams on the Laura River or its tributaries, and the upper Normanby River, to
facilitate water extraction for irrigated agriculture.

The Flinders River Agricultural Precinct (http://www.frap.org.au/water/) is an Industry initiative to provide
baseline information to promote agricultural development in the Flinders River and nearby catchments. The
website informs that the Queensland Department of Natural Resources and Mines has recently released water
under a tender process (see below).

“Friday, 28th April 2017
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DNRM has now released the Tender Assessment Report to the public.
92,500 ML has been allocated in the Flinders River catchment.

2,500 ML has been allocated in the Gregory River sub-catchment.
5,000 ML has been allocated in the Lower Leichardt sub-catchment.”

Information on the Lakeland Region agriculture precinct is available from the ‘Cape York Sustainable
Futures’ website (https://www.capeyorknrm.com.au/organisation/1293) and the GULF Natural Resources
Management Group (https://www.capeyorknrm.com.au/home).
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Table 5. Queensland agricultural, mining and other developments that use water
resources and may impact downstream species and ecosystems (numbered
sequence reflects the map portal list; see https://research.csiro.au/npfnwd/)

PROJECT SPECIES/CRITI  POTENTIAL THREATS/ CUMULATIVE ECOLOGICAL NON-FISHERY
CAL HABITAT  IMPACTS BENEFITS IMPACTS INTERACTION  STAKEHOLDER
31  Etheridge Estuarine Reduced Reductionin Sequential Reduced Fisheries
Integrated Banana baseflow and optimal years of fluvial loads,  focussing on
Agriculture Prawns emigration ecotoneand flow nutrient catadromous
(lapsed) cue flood-cued modification transport, fish species
catch floodplume
dump
32  FlindersRiver  Estuarine Reduced Reductionin  Sequential Reduced Fisheries
Agricultural Banana baseflow and optimal years of fluvial loads,  focussing on
Precinct Prawns emigration ecotoneand flow nutrient catadromous
cue flood-cued modification transport, fish species
catch floodplume
dump
33 MinyagoCoal na na na na na Inland mine
Mining Project
34  Mitchell River  Estuarine Reduced Reductionin  Sequential Reduced Fisheries
PinnaclesDam Banana baseflow and optimal years of fluvial loads,  focussing on
Prawns emigration ecotoneand flow nutrient catadromous
cue flood-cued modification transport, fish species
catch floodplume
dump
34  Mitchell River  Estuarine Elevated Loss of Destruction  Freshwater Fisheries with
Pinnacles Dam, Banana baseflow and estuarine of estuarine  estuary / euryhaline
with Prawns reduced habitat habitat / reduced estuarine
hydroelectric emigration extent/ Sequential fluvial loads, juvenile
power station cue Reductionin years of floodplume phase
flood-cued flow dump
catch modification
35  FlindersRiver  Estuarine Reduced Reductionin  Sequential Reduced Fisheries
off-stream Banana baseflow and optimal years of fluvial loads,  focussing on
storage Prawns emigration ecotoneand flow nutrient catadromous
cue flood-cued modification transport, fish species
catch floodplume
dump
36  Three Rivers Estuarine Reduced Reductionin  Sequential Reduced Fisheries
Irrigation Banana baseflow and optimal years of fluvial loads,  focussing on
Project Prawns emigration e