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1.

Title of the measure

Improved flow management works at the Murrumbidgee
Rivers – Yanco Creek off-take

2.

Proponent undertaking the measure

NSW

3.

Type of measure

Supply

4.

Requirements for notification

a)

The measure will be in operation by 30 June
2024

Yes

b)

The measure is not an ‘anticipated measure’

Yes
It is a new measure (not already included in the
benchmark conditions).

‘Anticipated measure’ is defined in section 7.02 of the
Basin Plan to mean ‘a measure that is part of the
benchmark conditions of development’.

c)

NSW agrees with the notification

Yes

5.

Surface water SDL resource units affected by the measure
This measure identifies all surface water resource units in the Southern Basin region as affected units for the
purposes of notifying supply measures.
The identification of affected units does not constitute an agreement between jurisdictions on apportioning
the supply contribution, which will be required in coming months.

6.

Details of relevant constraint measures
The Murrumbidgee constraints management strategy (see separate supply measure notification) will
improve the ability to release water from storages to create higher flows along the Murrumbidgee River. The
improved flow management works set out in the Improved flow management works at the Murrumbidgee
Rivers – Yanco Creek off-take measure, will further improve the environmental outcomes for the midMurrumbidgee wetlands.

7.

Date on which the measure will enter into operation
The date by which the measure will enter into operation is 30 June 2024.

8.

Details of the measure

a)

Description of the works or measures that
constitute this measure

The proposed works include:
a) Yanco Creek Regulator and Fishway – a new regulator to be
installed in Yanco Creek to allow regulation of flows
between the Murrumbidgee River and Yanco Creek.
Operation of the regulator during targeted environmental
watering events for the mid-Murrumbidgee improves
watering efficiency of the environmental assets.
b) Increased weir pool level at Yanco weir – the weir pool will
be raised at Yanco weir so that environmental flows can be
provided to Yanco Creek without having to provide large
flows downstream in the Murrumbidgee River.
c) New Murrumbidgee Regulator at Yanco Weir – an
investigation of the structural and mechanical capacity of
the existing gated regulator at Yanco weir indicates that it
is not suitable for upgrading for the increased water level
associated with the new weir pool design level. It is
proposed to install a new regulator in the meander reach
that currently has the older Yanco fixed crest weir.
d) Fishway at new Murrumbidgee Regulator - the project will
provide for both upstream and downstream fish passage in
the Murrumbidgee River at Yanco weir.
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The location of proposed works are described and shown
Section 3.2 in Attachment A.
b)

Capacity of the measure to operate as a
supply measure

Yes

‘Supply measure’ is defined in section 7.03 of the
Basin Plan to mean ‘a measure that operates to
increase the quantity of water available to be taken
in a set of surface water SDL resource units
compared with the quantity available under the
benchmark conditions of development’.

c)

Geographical location of the measure

The site of the proposed works is at the Yanco Creek off-take
from the Murrumbidgee River, approximately 20km to the
west of the town of Narrandera. The new Yanco Regulator and
Fishway will be on the Yanco Creek. The new regulator and
fishway on the Murrumbidgee River will be near the site of the
original (1928) Yanco Weir, downstream of the Yanco Creek
off-take.
See section 2.1 and figures 1 and 2 in Attachment A.

d)

Spatial data describing the inundation
extent associated with the operation of
the measure

The extent of additional wetland inundation along the
Murrumbidgee River during targeted higher flow events will
be assessed by the MDBA as part of the combined modelling
of supply measures.
The increased weir pool height proposed at Yanco Weir will
lead to higher water levels in the upstream river reach towards
Narrandera. This extent has been modelled, and is described in
Figures 23 and 24 in Attachment A and Appendix C in
Attachment D.

e)

Representation of the measure in the
MDBA modelling framework

An adjusted benchmark model for the Murrumbidgee was
developed by NSW DPI Water in consultation with the MDBA.
All NSW Murrumbidgee projects were then incorporated into
the adjusted benchmark model (See Section 2.3 of
Attachment C, this measure is referred to in Attachment C as
the “Yanco off-take”).
The measure is further represented in the updated benchmark
model, as detailed in Attachment E.
Modelling of the measure by the MDBA will be on this work,
with changes to how the measure is represented in the
framework detailed in Attachment D.

f)

Representation of each operating strategy
in the MDBA modelling framework.

Modelling of this measure, which is described at Attachment
B, is based on the operation of the regulators described in
Section 3.2 of Attachment A, and Attachment F.
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Executive Summary
Introduction
The ‘Improved flow management works at the Murrumbidgee Rivers – Yanco Creek offtake’
Project (the Project) will achieve SDL Adjustment through improved delivery of environmental
flows to the Mid Murrumbidgee wetlands. Complementary works will also improve fish passage
for large bodied fish along the Murrumbidgee River and regulate flows to the Yanco Creek to
deliver improved flow regimes.
Contribution to SDL adjustments
Yanco offtake was constructed to develop and expand agricultural production in the Yanco
system. The offtake joins Yanco Creek to the Murrumbidgee River and provides flow to the
creek system, even when flow in the Murrumbidgee River is quite low.
The current infrastructure arrangement includes an existing gated regulator on the
Murrumbidgee River (Yanco Regulator) and an existing (older) fixed crest weir (Yanco Weir).
The Yanco Regulator is designed to divert flows into Yanco Creek, in combination with the water
level created by Yanco Weir which determines the flow that Yanco Creek receives. Under
current operation approximately 10% of flow from the Murrumbidgee River is diverted into the
Yanco Creek system through the Yanco offtake.
The proposed works and measures have been designed to increase the proportion of higher
flows that reach the mid- Murrumbidgee and lower Murrumbidgee wetlands downstream of
Yanco Weir. The proposed structures also allow targeted diversion of water into the Yanco
system to reinstate a more appropriate regime of freshes, bank-full and overbank flows
recommended by the Yanco Creek System environmental flows study. The volume of water
required to be reinstated in the Yanco system is smaller than the flows added to the
Murrumbidgee by the proposed structures, leading to an improved environmental outcome along
the Murrumbidgee River.
The proposed works include:
•

Yanco Creek Regulator and Fishway – a new regulator to be installed in Yanco Creek
to allow regulation of flows between the Murrumbidgee River and Yanco Creek.
Operation of the regulator during targeted environmental watering events for the Mid
Murrumbidgee improves watering efficiency of the environmental asset.

•

Increased weir pool level at Yanco weir - The weir pool will be raised at the Yanco
weir so that environmental flows can be provided to Yanco Creek without having to
provide large flows downstream in the Murrumbidgee River.

•

New Murrumbidgee Regulator at Yanco Weir - An investigation of the structural and
mechanical capacity of the existing gated regulator at Yanco weir indicates that it is not
suitable for upgrading for the increased water level associated with the new weir pool
design level. It is proposed to install a new regulator in the meander reach that currently
has the older Yanco fixed crest weir.

•

Fishway at new Murrumbidgee Regulator - The project will provide for both upstream
and downstream fish passage in the Murrumbidgee River at Yanco weir. The existing
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structures are significant barriers to fish migration in both directions, except during high
flow events.
Anticipated environmental benefits
The Mid Murrumbidgee wetlands comprise relatively intact flood-dependent vegetation
communities that provide crucial habitat for numerous conservationally significant fauna species,
and are targeted for inundation through several of the Specific Flow Indicators set by the MDBA.
The wetlands are an important area for waterbirds including breeding of colonial nesting
waterbirds and contain a range of riparian and wetland vegetation communities that are critical
to several fish species in the Murrumbidgee, including Murray Cod.
Anticipated environmental benefits associated with the project stem from the ability to achieve
targeted watering events (specific flow indicators) more frequently. The project provides a
significant improvement in the achievement of all specific flow indicator events for the Mid
Murrumbidgee Wetlands, along with improvements to the Lower Murrumbidgee Floodplain
Wetlands and Murrumbidgee River indicators. For the mid Murrumbidgee wetlands the project
not only increases the frequency of watering, but also provides an increased and improved
extent of inundation when watering does occur.
Additionally, the Murrumbidgee River and Yanco Creek support a valuable native fish
community. The current Yanco weir is a barrier to fish through a non-functional submerged
fishway that limits fish passage through the structure for flows less than ~25,000 ML/d. The
proposed new infrastructure will improve fish passage around the structure.
Synergies with other projects
The proposed project is one of three related initiatives being progressed for the Murrumbidgee
River. This project is closely aligned and integrated with:
Computer Aided River Management (CARM) along the Murrumbidgee River.
Modernising supply systems for effluent creeks – Murrumbidgee River.
Additionally, this supply measure complements the:
•

constraints management strategy by providing the ability to control high flows down the
creek and avoid overbank events in upper Yanco Creek at undesirable times - the Yanco
Creek regulator is the critical component of achieving control of high flows and mitigating
flooding impacts, and

•

the Nimmie-Caira infrastructure modifications proposal, and the Murray and
Murrumbidgee National Parks SDL Adjustment proposal by increasing the delivery of
environmental flows to this area, and helping to offset any downstream effects of any
increased environmental water use in Lowbidgee..

Consultation and support
Targeted discussion with interest groups regarding the project identified a number of potential
issues for consideration and response in this business case. The majority of issues raised were
addressed within the design process and the development of proposed operating rules for the
new structures.
Ongoing engagement with interest groups in future project stages is an essential component to
the delivery program for the project. Community involvement in the development and
formalisation of operational rules for Yanco Creek offtake may assist to alleviate residual
concerns regarding provision of flows in Yanco Creek system during times of water scarcity.
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Mitigation of third party impacts
Proposed operating rules for the structures documented in the business case were developed to
address potential risks to the supply of water to Yanco Creek system water users and
environment, and the increase in backwater created by the proposed weir. Formalisation of the
operating rules of both structures on the Murrumbidgee River and Yanco Creek is a significant
piece of work that will be led by the NSW government in collaboration with water users and the
community.
The only risk that is not planned to be mitigated is the impact on movement of small bodied fish
upstream of weir structures as it is not possible to provide satisfactory fish passage that is
suitable for all types of fish. On the Murrumbidgee River there is currently no effective fish
passage through a number of key flow regulation structures along the Murrumbidgee River for
small bodied fish, and the proposed changes do not alter that status-quo. However, although it
is a low risk, there is a negative effect on the common and abundant small bodied fish in the
Yanco Creek, as the new regulator would limit their ability to move upstream to the
Murrumbidgee River. Despite migration not being required as an obligatory part of their
lifecycle, summer flows will trigger small bodied fish to travel upstream and there would likely be
greater mortality rates at the weir barrier.
Costs and funding
The works proposed for the supply measure is estimated to involve a total investment of $50.5
million. This costing comprises
construction costs and a further
in project
management costs.
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1 Introduction
1.1 Improving flow management in the Murrumbidgee and Yanco
systems
This business case proposes investment in works to allow more efficient watering of the Mid
Murrumbidgee wetlands, resulting in SDL Adjustment. The proposed works and measures have
been designed to increase the proportion of higher flows that reach the mid- Murrumbidgee and
lower Murrumbidgee wetlands downstream of Yanco Weir.
The proposed structures also allow targeted diversion of water into the Yanco system to
reinstate a more appropriate regime of freshes, bank-full and overbank flows recommended by
the Yanco Creek System environmental flows study (Alluvium 2013). The volume of water
required to be reinstated in the Yanco system are smaller than the flows added to the
Murrumbidgee by the proposed structures, leading to an improved environmental outcome
along the Murrumbidgee River.

1.2 Murrumbidgee business case package
This business case is one of three related initiatives being progressed for the Murrumbidgee
River system. The three business cases are closely integrated and comprise:
Computer Aided River Management (CARM) along the Murrumbidgee River.
Yanco Creek offtake regulator at the Murrumbidgee River - to improve flow management
(this business case).
Modernising supply systems for effluent creeks – Murrumbidgee River.
All three initiatives will deliver equivalent environmental outcomes as in the Basin Plan but
require less water to do so. Each element will generate an SDL offset.
CARM: the CARM project will provide greater control and modelling of flows through the river
and creek systems. That will allow environmental flows and consumptive demands to be met
with greater precision so reducing operational surpluses from the need to supply extra water to
ensure that requirements are met.
Yanco Creek Regulator: the Yanco Creek offtake regulator will enable greater control of
inflows to the Yanco Creek system from the Murrumbidgee River. That will allow greater
precision in the matching of supply and demand in the Yanco Creek system to meet
environmental and consumptive demands. It will also allow high flows to be shepherded along
the Murrumbidgee to achieve targeted environmental watering outcomes. Both outcomes will
ensure that equivalent environmental benefits are achieved but with less water.
Modernising the Effluent Creek supply systems will reduce water losses in distribution while
retaining environmental values. The water saving will be added to the held environmental water
in the Murrumbidgee valley. This held water can then be targeted to meet specific
environmental flow requirements where required. Reduction of irrigation supplies in the creek
system will also permit creation of preferred flow regimes.
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1.3 SDL adjustments through works and measures
The Murray-Darling Basin Plan (Basin Plan) was prepared by the Murray-Darling Basin
Authority (MDBA) and signed into law by the Commonwealth Minister for Water on 22
November 2012, under the Commonwealth Water Act 2007. The Intergovernmental Agreement
on Implementing Water Reform in the Murray Darling Basin subsequently outlined the
commitments and responsibilities of the participating jurisdictions and the program for putting
the Basin Plan into action.
The Basin Plan sets legal limits on the amount of surface water that can be extracted from the
Murray-Darling Basin (the Basin) for consumptive use from 1 July 2019 onwards. The
sustainable diversion limits (SDLs) for surface water are currently set at a reduction of 2,750 GL
on current extraction levels. That SDL value has been modelled to create a certain level of
environmental outcome. Under the provision in Chapter 7 of the Basin Plan and in the
Intergovernmental Agreement on Implementing Water Reform in the Murray Darling Basin, it
was agreed that the Basin Plan should be able to achieve these environmental outcomes by
improved use and management of the water, as well as by reducing current extraction levels.
That would allow the SDL reduction to be adjusted, reducing impacts on regional communities.
The Basin Plan allows for up to 650 GL of the 2,750 GL SDL reduction to be accounted for
through this improved use and management of environmental water. The jurisdictions in the
Basin states and the MDBA have established an inter-jurisdictional committee, the SDL
Adjustment Assessment Committee (SDLAAC), to manage this process and to evaluate
proposed investments.
The Basin states have developed a program to promote initiatives under these processes.
SDLAAC has drawn up guidelines to help steer the drafting of business cases for such
proposals.1 Five different forms of intervention have been identified in the guidelines:
•

Environmental works and measures at point locations: Infrastructure-based
measures to achieve the Basin Plan’s environmental outcomes at specific sites along
the river using less environmental water than would otherwise be required.

•

Water efficiency projects: Infrastructure-based measures that achieve water savings
by reducing water losses through, for example, modified wetland or storage
management.

•

Operating rules changes: Changes to policies and operating rules that lead to more
efficient use of water and savings and contribute to achieving equal environmental
outcomes with less water.

•

Physical constraint measures: Ease or remove physical constraints on the capacity to
deliver environmental water.

•

Operational and management constraint measures: Changes to river management
practices.

This business case covers one such initiative regarding infrastructure-based measures at the
Yanco Creek offtake on the Murrumbidgee River. This is a SDL adjustment supply measure
project through ‘environmental works and measures’ intervention that achieves equivalent
environmental outcomes with less water providing an opportunity to deliver a Sustainable

1

SDLAAC 2014. Phase 2 Assessment Guidelines for Supply and Constraint Measure Business Cases
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Diversion Limit adjustment. This business case has been prepared in accordance with the
Phase 2 Assessment Guidelines (refer Appendix 1).

1.4 Terms of reference
This business case has been developed and prepared under the oversight of WaterNSW and
the NSW Department of Primary Industries Water (NSW DPI Water). The terms of reference for
this initiative are:
The proposed supply measure is to construct a regulator on the Yanco Creek offtake and
upgrade the existing Yanco Weirs on the Murrumbidgee River. The proposed structures will
increase the frequency and efficiency of Murrumbidgee River flows that reach the target
environmental watering sites in the Murrumbidgee (and Murray) Rivers and Yanco Creek
system.
This is an ‘environmental works and measures at point locations’ under the terms of the Phase
2 Assessment Guidelines as it involves the construction of works and measures. The outcome
of this change will be to deliver equivalent environmental outcomes as proposed in the Basin
Plan but with less water, so generating an SDL offset.

1.5 Background to the proposal
Yanco Creek was historically a high level effluent creek system connecting the Murrumbidgee
River to the Murray River via a series of braided channels and wetlands. Prior to European
settlement, the Yanco Creek system was predominantly an ephemeral system, meaning it often
stopped flowing in low rainfall periods. At this time the Yanco Creek only engaged with the
Murrumbidgee when flows were very high (>40,000 ML/d).
To develop and expand agricultural production, works were undertaken in the 1800’s to join the
Yanco Creek to the Murrumbidgee River. This allowed flows to the creek system when flows in
the Murrumbidgee were quite low. In 1928 the Yanco Old Weir was installed to further facilitate
diversion from the Murrumbidgee in almost all flow conditions.
In 1981 the new Yanco Weir was completed to raise Murrumbidgee River water levels to further
increase low flow diversion rates into the creek system. Generally speaking, approximately
10% of water is now diverted into the Yanco Creek system.
The bulk of water supplied to Yanco Creek system from the Murrumbidgee River is via the
Yanco off take although additional flows from the Murrumbidgee do enter the system from
drainage channels out of the Coleambally Irrigation Area (the Coleambally Catchment Drain,
Drainage Canal 800, West Coleambally Channel).
There are a number of key high value ecological sites in the mid and lower Murrumbidgee
wetlands which are watered through water passing through the Yanco weir structure. The result
of the historic diversion works to the Yanco Creek means a reduction in flows in the
Murrumbidgee River, which reduces the environmental watering efficiency of the dam releases
for these target sites.
Flow regulation on the Murrumbidgee also reduces the total volume of water available to the
lower Murrumbidgee and can lead to reduced Murray River wetland inundation by changing the
volume and timing of peak flows to the Murray.
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This project involves installing greater control of water to manage flows down the Yanco Creek
and improve the efficiency of delivery of environmental water to key assets in the midMurrumbidgee.

1.6 Proposed benefit of works
The principal benefit of these works is to deliver water more efficiently to the Mid Murrumbidgee
wetlands.
The works improve fish passage. At present the Yanco weir and Yanco old weir represent major
barriers to fish passage for both upstream and downstream migration. The project will
incorporate the provision of a fishway on the main river as well as a fishway at the new Yanco
Creek regulator. This will enhance the ecological and environmental outcomes in the
Murrumbidgee River.
Raising the weir pool level at Yanco weir will allow more efficient delivery of targeted
environmental flows in Yanco Creek by virtue of the increased hydraulic gradient. This will allow
water to be delivered more efficiently and provide better environmental outcomes. It is proposed
not only to reinstate the environmental flows in Yanco creek but will also provide the ability to
introduce flow variability (overbank, bankfull, freshes and baseflow) as recommended by
environmental flow study (Alluvium 2013).

1.7 Eligibility
The works proposed for the SDL Offsets in the Yanco regulator project meet the eligibility
criteria for Commonwealth supply measure funding as a ‘new measure’.
The project meets the definition of a 'supply measure' under the Basin Plan as they are
additional to the measures included in the benchmark conditions of development under clause
7.02 of the Plan.
The proposal is not a ‘pre-existing’ Commonwealth funded project, and have not been approved
for funding by another organisation, either in part or in full, other than through financial support
to develop this business case.
The operation of the measures will allow for an increase in the SDL through improved
management of the land, water and ecological resources in the Yanco Creek and Mid
Murrumbidgee wetlands. The measures will:
•

increase the quantity of water available to be taken in a set of surface water SDL
resource units compared with the quantity available under the benchmark conditions of
development;

•

provide equivalent environmental outcomes with a lower volume of held environmental
water than would otherwise be required to be achieved;

•

have no detrimental impacts on reliability of supply of water to holders of water access
rights that are not offset or negated; and

•

be designed, implemented and operational by 30 June 2024.

This business case demonstrates how each eligibility requirement in the Phase 2 SDLAAC
Guidelines is met. However, the ultimate outcomes of the proposal will depend on the modelling
of different combinations of SDL offset proposals to be completed in 2016 by the Murray-Darling
Basin Authority.

4

Improved Flow Management Works at the Murrumbidgee River - Yanco Creek Offtake ‒ Business Case

1.8 Proponent and proposed implementing entity
WaterNSW is the project proponent on behalf of the New South Wales Government and has
prepared this business case in consultation with the NSW DPI Water, NSW Office of
Environment and Heritage, NSW Parks and Wildlife, NSW Fisheries, the MDBA and the
Commonwealth Department of the Environment through funding from the Australian
Government.
WaterNSW is the project owner and will have oversight responsibility for project implementation.
Further information regarding the proposed governance and project management arrangements
for implementation is provided in Section 8.5.
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2.2 Proposed works package and adjustment
The new regulator in Yanco Creek will mean that water that is intended for the midMurrumbidgee wetlands is not shared with Yanco Creek, which receives about 10% of
Murrumbidgee flows in its current unregulated condition. The new regulator will facilitate more
efficient delivery of environmental water to the Murrumbidgee Wetlands. The new regulator is
designed to target the supply of environmental flows of up to 45,000 ML/d for the Mid
Murrumbidgee Floodplain Wetlands– the basis for this target flow rate is described later in
Section 2.5.1. The proposed works include:
•

A regulator on Yanco Creek that can manage flows of up to 45,000ML/d in the river.

•

Infrastructure that allows the level of the weir pool at the Yanco offtake to be raised to a
level, such that the flows excluded from the Yanco Creek in times of environmental
watering of Murrumbidgee wetlands, can be delivered specifically to the Yanco Creek at
a more appropriate time. This requires changes to the existing arrangements for the
Yanco Regulator (on the Murrumbidgee River) and Yanco weir.

•

Fishway at the new Yanco Creek Regulator to mitigate the fish barrier that the structure
represents

•

Fishway at the Yanco Regulator and/or weir as part of the upgrade works on these
structures.

2.3 Interaction with other initiatives
Outcomes achieved with this supply measure will be enhanced through the implementation of
other Murrumbidgee supply measures for which Phase 2 business case documentation is
currently being developed.

2.3.1

CARM

The Murrumbidgee Computer Aided River Management (CARM) system is a river operations
decision support system, developed and implemented by WaterNSW. It is underpinned by
internationally-recognised hydro-dynamic, rainfall runoff, and surface/ground water exchange
models.
These models, coupled to Bureau of Meteorology forecasting, future crop water demand
estimations, water orders and reporting of real time water extraction, combine to enable an
innovative interactive daily river operating system. This proposal outlines the potential supply
measure associated with recent deployment of CARM for the Murrumbidgee River
The project will change how the Murrumbidgee River is operated, reducing the amount of
operational surplus flows in the river system and allowing some of this water to be released at a
more opportune time to the environment. It will increase the river operator’s level of control over
river flows and provide greater daily real time flexibility and efficiency in how water is managed
in the river.
Supply contributions through use of CARM will occur principally through two mechanisms as a
result of improved river operational practices. These are:
•
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•

2.3.2

re-timing the regulated release of previous substantial river system operational surpluses
captured through CARM to also simultaneously meet specific flow indicators targets

Modernising effluent creeks

This project has a close fit with the modernisation of the effluent creeks Phase 2 Business
Case. The creeks around the Yanco weir are important supply systems for irrigated production
and for stock and domestic supply. The creeks include,
•

Forest Creek ‐ an anabranch of the Billabong Creek down to Warriston Weir

•

Yanco Creek itself ‐ downstream of the Colombo Creek off‐take until its junction with
Billabong Creek near Conargo

•

Colombo and Billabong Creeks ‐ from the Colombo Creek offtake to the confluence of
the Billabong Creek with the Edward River

•

Beavers Creek/Old Man Creek ‐ an anabranch of the Murrumbidgee between Wagga
and Narrandera

•

Bundidgerry Creek ‐ a natural high level effluent creek system from the Berembed
offtake to the Bundidgerry storage

Prior to irrigation development, these creeks, anabranches, effluents and flood runners would
have experienced highly variable flows within and between seasons. That variability generates a
rich ecological outcome from the cyclical wetting and drying regime, with complex food chains
supporting extensive bird breeding.
The development of the creeks as part of the station stock‐watering network, and more recently
as a regional irrigation supply system has over‐ridden this natural variability and imposed
standardised, consistent high flows during summer months every year. These constant high
flows generate several adverse outcomes.
•

They disrupt natural wetting and drying cycles and reduce the ecological richness of the
habitat ‐reducing fish and bird breeding.

•

They lead to increased losses through evaporation and seepage ‐ so water is wasted
that could be used to deliver planned environmental flows.

•

Over‐supply is common because it is difficult to match water orders with daily deliveries
to Irrigator pumps due to the length of the delivery system.

This project proposes to identify fit‐for‐purpose alternative systems that could ensure continuity
of water supply for production and D&S usage, at the same time as generating water savings
and returning more natural variability of flows to the creeks.
These fit‐for‐purpose alternative supply systems could include a range and combination of
different options including:
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•

Piped stock and domestic systems

•

Gravity piped irrigation supply systems

•

Irrigation supply channel extension where available

•

Enhanced river weir operations (linking with WaterNSW’s CARM network)

•

The use of public and privately owned off‐river storages

•

Automated river operations systems (linking with WaterNSW’s CARM network)
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•

2.3.3

Targeted closure of high‐loss supply effluent streams – possibly through buyback or
development of alternative supply points.

Constraints management strategy

Constraints are river management practices and structures that govern the volume and timing of
regulated water delivery through the river system. Seven key focus areas in the Basin are
identified where the relaxation of constraints needs detailed consideration. The Murrumbidgee is
one of these.
While the 2,750 GL of environmental water can be delivered within the current physical
constraints, relaxing or removing key constraints would allow for more flexibility in water
delivery, which means we can achieve even more with the water available. The MDBA has
produced a Constraints Management Strategy to investigate how this can be done in ways that
avoid or address impacts on third parties, and therefore optimise environmental, social and
economic benefits.
In addition to the physical constraints, there are a range of operational and management
constraints that are relevant across a range of geographic areas across the Basin.
Potential constraints to environmental water delivery in the Murrumbidgee include areas in the
vicinity of:
•

Gundagai, including the low level Mundarlo Bridge;

•

the channel capacity of the Tumut River;

•

Collingullie

•

Upper Yanco Creek

•

Darlington Point

•

the channel capacity of the Murrumbidgee River near Balranald

This SDL adjustment proposal complements the constraints management strategy by providing
the ability to control high flows down the creek and avoid overbank events in Upper Yanco
Creek at undesirable times. The Yanco Creek regulator is the critical component of achieving
control of high flows and mitigating flooding impacts.

2.3.4

Nimmie- Caira Infrastructure Modifications Proposal and Murray and
Murrumbidgee National Parks SDL Adjustment Proposal

In addition to the above mentioned supply measures, there are a range of SDLA proposals in
Murrumbidgee Valley which have the potential to be complemented. Particularly the NimmieCaira Infrastructure Modifications Proposal and Murray and Murrumbidgee National Parks SDL
Adjustment Proposal will be complemented by virtue of increasing the delivery of environmental
flows to this area and helping to offset any downstream effects of any increased environmental
water use in Lowbidgee area.

2.4 Current hydrology
The changes to the flow regime in the central section of the Murrumbidgee River have had a
significant impact on the hydrology of the Mid-Murrumbidgee River Wetlands (MDBA 2012).
Wetlands influenced by weir pools, irrigation storage and effluent are now almost permanently
inundated, and low-lying wetlands upstream of Berembed Weir are often inundated by summer
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The critical threshold for connection for a number of low-lying wetlands is a flow of 26,850 ML/d
at Narrandera, with many more wetlands requiring larger flows to be connected. Over the
millennium drought period (2000 – 2010) a large proportion of mid-Murrumbidgee wetlands did
not naturally connect with the Murrumbidgee River.
Under modelled 'without development' conditions, wetlands with commence to flow rates of
26,850 ML/d would have a maximum dry period of 5 years (MDBA 2012c).

Figure 4. Flow rates of the Murrumbidgee River at Narrandera from 1990 to April 2013, showing one of the
critical thresholds for inundation of mid-Murrumbidgee wetlands as specified in the Assessment of
environmental water requirements for the proposed Basin Plan: Mid-Murrumbidgee River Wetlands (MDBA
2012d) (http://www.mdba.gov.au/what-we-do/environmental-water/environmental-wateringpriorities/priorities-13-14/mid-murrumbidgee)

A comparison of observed flows with modelled natural flows for the period 1970 to 1998 shows
that river regulation has significantly reduced the magnitude of the smaller, relatively frequent
floods (Read 2001). Flood discharges that would typically occur every two years have been
reduced by between 29% and 37% from Gundagai downstream to Hay and by about 55% at
Balranald. The reduction is less for floods that would typically occur every five years, ranging
from a 16% reduction at Narrandera to a 36% reduction at Balranald.
Flow regulation has also affected the frequency and duration of floodplain inundation. Read
(2001) demonstrated that the duration of bankfull flow has been reduced by regulation, and has
resulted in an approximate halving of the duration of floodplain inundation.
This conclusion is supported by Page et al. (2005) who found that between Gundagai and
Balranald, regulation had, for flood return periods of 1.25 to 5 years, reduced discharges by 25–
40%.
The Murray–Darling Basin Sustainable Yields Project by CSIRO (2008) showed that the
average period between events with peak flows greater than 26,800 ML/d at Narrandera had
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nearly doubled as a result of water resource development. In addition, they found that the
maximum period between these events had more than tripled (from 2.8 to 9.7 years).
Whitten and Bennett (2000) found that the frequency of flows in excess of 35,000 ML/d at
Wagga Wagga had been reduced while the number of years with no flows greater than
35,000 ML/d had increased significantly (Figure 3).

2.4.2

Current hydrology - Yanco Creek system

Irrigation works in the last century have significantly altered the Yanco Creek system flow
regime. Prior to irrigation development, the system would have flowed only when flooding was
occurring in the Murrumbidgee River (flows >40GL/d at the Yanco offtake) and/or when there
was substantial runoff and flows in the upper catchment of Billabong Creek (Molino Stewart
1999).
Both Yanco Creek and Billabong Creek also receive inflows from drains and/or tributary
streams. Yanco Creek receives flows from the Coleambally Catchment Drain (CCD) and drain
DC 800, both of which carry drainage flows and regulated releases from the Coleambally
Irrigation Area.
The Billabong Creek receives inflows from a number of creeks and drains, namely the upper (or
unregulated) Billabong Creek which has a catchment that extends 160km to the east of
Colombo Creek (Molino Stewart 1999). Murray Irrigation Limited (MIL) delivers drainage water
and some regulated flows to the Billabong and Forest Creeks. The main MIL channel used for
regulated flows is Finley Escape.

2.5 Ecological Assets
2.5.1

Mid-Murrumbidgee River Wetlands

The Mid-Murrumbidgee River Wetlands support the functioning of the Murrumbidgee River, the
second longest River in the Murray-Darling Basin, by providing an important input of carbon and
nutrients as well as important habitat for fish, frogs, turtles and birds. The area is formed around
an assemblage of lagoons and billabongs located on the floodplain of the central Murrumbidgee
River between Wagga Wagga and Carrathool (Figure 5).
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outcomes within the Murrumbidgee should also be considered in conjunction with the priority
outcomes for the mid-Murray River, lower Murray River system, Coorong, Lower Lakes and
Murray Mouth, and other environmental outcomes in the southern-connected Basin.

2.5.1.1 Ecological objectives and targets
The Basin Plan provides a coordinated approach to water use across the Murray Darling Basin
and has been developed under the Water Act 2007 (Cwlth). It aims to provide integrated
management of the Basin water resources in a way that promotes the objectives of the Water
Act 2007. In the context of a healthy working Basin, the Basin plan contains four high-level
environmental objectives/outcomes (MDBA 2011, pp. 22):
•

to protect and restore water-dependent ecosystems of the Basin

•

to protect and restore the ecosystem functions of water-dependent ecosystems

•

to ensure that water-dependent ecosystems are resilient to risks and threats

•

to ensure that environmental watering is co-ordinated between managers of planned
environmental water, owners and managers of environmental assets, and holders of
held environmental water.

At a finer scale, the Basin Plan Environmental Watering Plan sets out 22 subsidiary
environmental objectives. The MDBA has used these detailed objectives to determine
ecological targets, environment water requirements and ultimately Environmentally Sustainable
Level of Take (ESLT) for the basin as a whole.
The Basin-wide ecological targets are that there are improvements in:
•

flow regimes including the following flow components; cease-to-flow events,
low-flow-season base flows, high-flow-season base flows, low-flow-season freshes,
high-flow-season freshes, bank-full flows and over-bank flows

•

hydrologic connectivity between the river and floodplain and between hydrologically
connected valleys

•

floodplain and wetland types including the condition of priority environmental assets and
priority ecosystem functions

•

condition of the Coorong and Lower Lakes ecosystems and Murray Mouth opening
regime

•

condition and diversity of native water-dependent vegetation

•

recruitment and populations of native water-dependent species, including vegetation,
birds, fish and macro-invertebrates.

Ultimately, the level to which these ecological objectives or targets are met are dependent on
environmental flow decisions made at a regional and local scale. The set of Basin‐wide
environmental objectives and ecological targets developed by the MDBA have been applied at a
finer scale to develop site‐specific objectives for individual key environmental assets.
Site-specific ecological targets developed to inform the assessment of environmental water
requirements and the subsequent determination of site-specific flow indicators for the MidMurrumbidgee River Wetlands (MDBA 2012) in the Basin Plan are described in Table 1.
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Table 1. Environmental objectives and targets: Mid Murrumbidgee River Wetlands (MDBA 2012)

Site-specific
ecological
targets

Justification
of targets

•

Provide a flow regime which ensures the current extent of native vegetation of the
riparian, floodplain and wetland communities is sustained in a healthy, dynamic and
resilient condition.

•

Provide a flow regime which supports recruitment opportunities for a range of native
aquatic species (e.g. fish, frogs, turtles and invertebrates).

•

Provide a flow regime which supports key ecosystem functions, particularly those
related to connectivity between the river and the floodplain.

•

Provide a flow regime which supports the habitat requirements of waterbirds and is
conducive to successful breeding of colonial nesting waterbirds.

The number and extent of floodplain wetlands is a distinctive feature of the MidMurrumbidgee River Wetlands. Relatively intact flood-dependent vegetation communities
provide crucial habitat for numerous conservationally significant fauna species and are
targeted for inundation through several of the Specific Flow Indicators set by MDBA..
Studies by Briggs et al. (1997), Briggs et al. (1994), Briggs and Thornton (1999) and
Kingsford et al. (1997) have shown that the mid-Murrumbidgee is an important area for
waterbirds including breeding of colonial nesting waterbirds.
The Mid-Murrumbidgee River Wetlands contain a range of riparian and wetland
vegetation communities that are critical to several fish species in the Murrumbidgee
(Gilligan 2005).
The variety of faunal groups that can be supported at individual sites is demonstrated by
referring to Coonancoocabil Lagoon, one of the larger wetlands in the system. It is
important for waterbirds (Briggs et al 1997), frogs (Wassens et al. 2004), and native fish
(Baumgartner and Asmus 2009).
The site supports important habitat and species that are listed in international
agreements, and include vulnerable and endangered species such as Murray cod
(Maccullochella peelii peelii). Achieving the targets for floodplain wetlands and waterbirds
will ensure inundation of breeding and feeding habitats considered key for a range of fish,
amphibian and water-dependent reptile and invertebrate species.
Key ecosystem functions support fish, birds and invertebrates through habitat
maintenance, energy transfer and facilitating connections between rivers and floodplains.
Overbank flows supply the floodplains with nutrients and sediments from the river,
accelerate the breakdown of organic matter and supply water to disconnected wetlands,
billabongs and oxbow lakes. As the floodwaters recede, the floodplains provide the main
river channel with organic matter.
The hydrological connection between watercourses and their associated floodplain
provides for the exchange of carbon and nutrients (Thoms 2003). The connections are
considered essential for the functioning and integrity of floodplain-river ecosystems.

2.5.1.2 Site-specific indicators for the Mid Murrumbidgee Floodplain Wetlands
Through the development of the Basin Plan, detailed environmental water requirement
assessments were undertaken across the Basin, leading to the specification of site-specific flow
indicators (SFIs) to achieve site-specific ecological targets. These site-specific flow indicators
were expressed only at hydrologic indicator site, with the environmental water requirements
specified at hydrologic indicator sites intended to represent the broader environmental flow
needs of river valleys or reaches through the Basin, and thus the needs of a broader suite of
ecological assets and functions.
This process resulted in the development of the following SFIs to represent the environmental
water requirements of the Mid Murrumbidgee Floodplain Wetlands indicator site:
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•

26,850 ML/d for a total duration of 45 days between July & November for 20% of years

•

26,850 ML/d for 5 consecutive days between June & November for 50% of years

•

34,650 ML/d for 5 consecutive days between June & November for 35% of years

•

44,000 ML/d for 3 consecutive days between June & November for 30% of years

•

63,250 ML/d for 3 consecutive days between June & November for 12% of years

These SFIs correspond to flow rates as measured at Narrandera on the Murrumbidgee River.
In developing these SFIs, it was recognised that not all SFIs could necessarily be delivered in
regulated systems subject to significant existing constraints. In particular, the report on the
development of the SFIs (The proposed "environmentally sustainable level of take" for surface
water of the Murray–Darling Basin: Method and Outcomes – MDBA 2011) noted that:
•

the 26,850 ML/d SFIs are considered deliverable as mostly regulated flows under
current operating conditions

•

the 34,650 and 44,000 ML/d SFIs are considered achievable when delivered in
combination with tributary inflows and/or unregulated flow events, but may not be
achievable in every year or some circumstances, and the duration of flows may be
limited to the duration of tributary inflows

•

the 63,250 ML/d SFI requires large unregulated flows and it is likely that it cannot
currently be influenced by river operators due to river operating constraints.

With these constraints in mind, this proposal therefore is focused on delivery of environmental
water for the SFIs ranging from 26,850 to 44,000 ML/d only. The proposal does not provide a
mechanism to regulate flow to achieve the 63,200 ML/d SFI.

2.5.2

Yanco Creek system

The Yanco Creek system is around 800 kilometres in length and supplies water to a vast area of
the Riverine Plains of New South Wales for agricultural production and also water supply for
townships of Morundah, Urana, Oaklands, Jerilderie, Conargo and Wanganella. Along the
system there are a number of environmental assets including significant wetland areas that
have been impacted by historic water management practices. The community along the creek
system is committed to improving the ecological health of all the system and has initiated and/or
supported several studies and environmental restoration programs, particularly for riparian
habitat.
From the offtake from the Murrumbidgee River to where Billabong Creek connects to the
Edward River, the Yanco system supports a largely continuous band of riparian vegetation that
is dominated almost entirely by River Red Gum and Black Box (in a few locations, River Cooba
is also present as a canopy-forming tree). The system also supports both some large wetlands,
as well as a large number of smaller floodplain depressions and billabongs.
The physical form and condition of ecological values in the Yanco Creek system is shaped not
only by the regulation of water, but by the spatial and temporal variability of this supply. That is,
both physical form (the shape of the waterway) and ecological values such as fish and
vegetation are driven by the hydrological behaviour of the system.
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A wide range of floodplain wetlands are present in the upper Yanco, including the Possum
Creek complex, Dry Lake and Mollys Lagoon, and the Washpen Creek complex. These are
characterised by large expanses of open water.
In addition to these large and visually obvious floodplain wetlands, the Yanco system supports a
large number of smaller floodplain depressions and billabongs and are fringed mostly by River
Red Gum (Figure 6Figure 6). Forest Creek also supports the regionally important Wanganella
Swamp and Rhyola wetland. Of these, Wanganella Swamp is the more floristically diverse and
its water-regime requirements have been addressed in a number of studies.
Overbank flows are important to the health of the riparian and wetland vegetation communities.
The overall ecological resilience of the system is enhanced by providing hydrological conditions
that facilitate the maintenance of such a mosaic of wetlands under different hydrological
regimes.

Figure 6. Wetlands mapped in the Yanco Creek system through two previous projects –Investigation into
potential water savings from the Yanco Creek system (offtake to Yanco Bridge) wetlands (Webster 2007)
(referred to as Stage 1), and the follow-on Stage 2 study (GIS data only, Webster unpublished)

A key environmental value in the Yanco is the presence of several large-bodied fish which are
nationally threatened and remain in areas where there is permanent flow and good instream
habitat. This includes species such as Murray Cod and Trout Cod. Additionally, there are still
strong and healthy populations of small bodied native fish in the Yanco system.
As described above, the ecological assets of the Yanco Creek system also meet the criteria for
identifying an 'environmental asset' as set out in the Basin Plan (refer Figure 4 for details) and
Water Act 2007 (Cwlth).

2.5.3

Yanco Creek ecological objectives and targets

Broad environmental objectives determined in the environmental flows study (Alluvium 2013) for
the Yanco Creek system were:
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•

Maintain (and improve where possible) drought refuge habitat in weir pools.

•

Improve riparian vegetation condition and habitat extent throughout the system.
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•

Preserve the significant connectivity between the Murrumbidgee and Murray River
systems that is important for native fish communities.

•

Retain a high quality mosaic of wetlands with variable wetting regimes which provide
habitat for fish and water birds.

The environmental objectives were developed to reflect the environmental values identified by
the community, through literature review, and assessment by the project Technical Panel for the
Yanco Environmental Flow Study (Alluvium 2013). Objectives were determined by the Technical
Panel and Steering Committee for the system and each study reach, and are set in the context
of the current water resource management, and social and economic values of the region.
Environmental flow targets for the Yanco Creek system, as described in Alluvium 2013 are
described below:
Fish movement, spawning and recruitment
Native fish populations have declined in many areas of the Murray-Darling Basin and this has
often been associated with river regulation and habitat removal. Several large-bodied fish are
nationally threatened and remain in areas where there is permanent flow and good instream
habitat, such as the Murrumbidgee River and Yanco Creek system (such as Murray Cod and
Trout Cod). Additionally, there are still strong and healthy populations of small bodied fish in
both the Yanco and the broader Murrumbidgee systems. Small native fish are important
indicators of functioning systems and these play an important role in a healthy and diverse fish
community.
Delivery of appropriate flows to maintain habitat availability and to stimulate movement,
spawning and recruitment is important to maintain the health of existing populations and
maximise their distribution. The recommended system-wide environmental flows are:
•

Provide baseflows2 throughout the system to allow fish movement between local habitats
(in accordance with reach targets outlined in the report). This recommendation
correlates to a target end of system baseflow recommendation of 50 ML/d (Jan-Apr) and
200 ML/d (May-Dec), on condition that the baseflow targets in the upper part of the
system are also met.

•

Provide freshes in the upper reaches of the system connected to the Murrumbidgee fish
communities. Flow magnitude is recommended to be above 600 ML/d (Reach 1 – Yanco
Creek from offtake to Colombo Creek) and 350 ML/d (Reach 2 – Yanco Creek
downstream of Colombo Creek) for 14-21 days to provide conditions suitable for largebodied fish (e.g. Trout Cod) movement and spawning. Two events are recommended
each year in the period from September to December.

•

Provide freshes in the lower reaches of the system connected to the Edward fish
communities. To connect with the fish communities in the Edward, it is recommended
that:
o

2

During January-April four small freshes of 200 ML/d (7 days duration) are
provided in lower Billabong Creek (Reach 5 – Billabong Creek downstream of

While the baseflow recommendation is expressed as a constant minimum flow rate, it is critical hat there is variability within the
provision of this recommendation (i e. water level fluctuations). Constant water levels in the system favour he proliferation of Typha
(Cumbungi) and also create notches in the banks, leading to simplifica ion of channel form and reduction in bench habitat. The
impacts of constant flow rates are currently evident in the system, for example Typha infestations in Colombo Creek and the steep,
simplified banks evident along the upper Yanco Creek.
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Yanco Creek) to increase the habitat available (above the baseflow water level)
and encourage fish to feed and spawn on benches.

•

o

One fresh above 700 ML/d for fish movement and spawning, preferably in
September- October with duration of 14-21 days.

o

One fresh greater than 1500 ML/d fish movement and spawning, preferably in
September- October with duration of 14-21 days.

Protect overbank flows throughout the system. Connectivity between the creek and
floodplain is important for the dispersal and breeding of floodplain specialist fish species.
These overbank events are not required as frequently as other native fish species.
However, when overbank flows occur in the Yanco Creek system it is important that the
water level is over the top of the bank for 2-5 days.

Riparian and wetland vegetation condition and connectivity
From the offtake from the Murrumbidgee River to where Billabong Creek connects to the
Edward River, the Yanco system supports a largely continuous band of riparian vegetation that
is dominated almost entirely by River Red Gum and Black Box (in a few locations, River Cooba
is also present as a canopy-forming tree). The system also supports both some large wetlands,
as well as a large number of smaller floodplain depressions and billabongs.
Overbank flows are important to enhance the health of the riparian and wetland vegetation
communities. These large flows have historically been out of operating range for water
managers to deliver to the Yanco Creek, rather the overbank flows have resulted from large
rainfall in upstream and local catchments. It is important to preserve these flooding flows when
they do occur, and also to monitor vegetation condition during extended dry periods when there
are no overbank flows.
The magnitude for the recommended environmental flows for riparian and wetland vegetation
relate to the discharge at which water begins to overtop the riverbank at the representative
assessment site (Table 2). It is anticipated that throughout the system there will be some
locations where overbank flow actually occurs at flows higher and/or lower than that
recommended in Table 2.
Table 2. Flow recommendations for riparian and wetland vegetation in the Yanco Creek system
Reach
Magnitude

1

2

3

4

5

6

2500 ML/d

1000 ML/d

1600 ML/d

3000 ML/d

3000 ML/d

1500 ML/d

1 every
second year

1 every
ten years

Timing
Frequency
Duration
Notes

September to December
1 every
second year

1 every
third year

1-2 every
ten years

1 every third
year

Minimum 2 days duration of peak event
Many of the wetlands in the upper section of the Yanco (reaches 1 and 2) are impacted by overwatering. Flow
could be provided and/or controlled through regulators to individual wetlands.
Complementary riparian vegetation management (including stock exclusion) will be required in all reaches to
achieve environmental objectives.
Flow recommendations do not necessarily apply to environmental water management for specific wetland sites
(such as Wanganella Swamp) where complementary and additional water management actions may be
required.
Reaches are as follows: 1 – Yanco Creek from offtake to Colombo Creek; 2 – Yanco Creek downstream of
Colombo Creek; 3 – Colombo Creek; 4 – Billabong Creek downstream of Colombo Creek to Yanco Creek; 5 –
Billabong Creek downstream of Yanco Creek; 6 – Forest Creek

Riparian vegetation condition and floodplain wetlands depend not only on hydrological factors
but also on land use practices. In general, wetland plants cannot recruit successfully when
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subject to high and constant grazing pressure, and the maintenance and rehabilitation of the
system’s complex array of wetlands (large and small) will require ancillary actions involving
catchment management as well as the provision of environmental water.
Drought refuge – weir pools
The potential for species to survive droughts depends on the availability of suitable and
adequate habitat for biota to live during dry periods. Maintaining refuges during drought periods
is essential if species are to continue into the future. Many of the natural drought refuges (deep
pools, off-stream wetlands) have been reduced in size and occurrence across the MurrayDarling landscape. The weir pools present on the Yanco Creek system provide an opportunity
to be managed as additional secure drought refuge areas.
Environmental flow recommendations to maintain drought refuge in existing weir pools in the
system are:
•

Maintain the level of water in the weir pools. Maintaining the water level will maximise
habitat potential for macroinvertebrates, fish and water birds during dry years. This is
required in all weir pools in the system, all year.

•

Flushing flows are recommended when water quality in weir pools declines below
acceptable levels during September to May. In these months the recommended
environmental flows to prevent water quality decline are 55-105 ML/d in Reach 3 –
Colombo Creek and between 40-70 ML/d in Reach 4 – Billabong Creek from Colombo
Creek to Yanco Creek.

Although the system was clearly very ephemeral in a pre-development state, the objectives do
not require returning the creeks to an ephemeral system as this would be too detrimental for the
established flora and fauna, particularly the fish. However, the continuous nature of the current
flows is potentially detrimental to the achievement of objectives. The environmental flows
recommended promote greater variability in the flow regime to achieve:
•

targeted fish spawning and migration events

•

promote a variety of instream flow habitats

•

shift sediment

•

encourage diverse bank and instream vegetation to establish

•

promote suitable wetting and drying regimes in wetlands to cycle and replenish nutrients.

If there is an ongoing commitment to maintain a continuous flow in the creek system, the need
to retain weirs and block banks for stock and domestic supplies should be investigated. Many of
the weirs are falling into disrepair with some having failed and now contributing to bank erosion.
Contribution of the Yanco Creek system to the Edward/Murray River
The Yanco system is one of many catchment sources to the Edward-Wakool Rivers. The main
sources of water in the Edward-Wakool under regulated conditions are from the River Murray
via the Edward River and Gulpa Creek, which originate in the Barmah-Millewa and from the
Edward Escape, an outlet of Mulwala Canal. During high flows, the Yanco system (via Billabong
Creek) is the most downstream tributary that provides flow to the Edward River.
The flow regime in the Edward-Wakool has been significantly altered as a result of river
regulation. The key parts of the flow regime that have been altered are:
•
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a reduction in the frequency of baseflow and cease to flow events
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•

a rapid rate of rise and fall in channels;

•

a reduction in the duration of moderate floods;

•

a change in seasonality of flows and a loss of freshes important for breeding cues

Inflows to the Edward River from Billabong Creek are most influential in contributing to
sustaining the duration of moderate floods and provision of freshes. With implementation of the
recommended environmental flows, further contribution to those flow components may be
possible.

2.6 Environmental values
2.6.1

Fish

Fish communities within the Murrumbidgee catchment were comprehensively assessed in 2004
(Gilligan, 2005). These surveys described fish communities in the mid-Murrumbidgee as being
degraded with eight of the 21 native fish species previously recorded being either locally extinct
or occurring in very small numbers.
Within the Mid Murrumbidgee Wetlands only five fish species were recorded from three
wetlands, and were dominated by introduced fish species , mainly Gambusia along with Carp,
Goldfish and two native species Carp Gudgeon and Australian smelt were also recorded
(Gilligan, 2005).
Several of the large-bodied fish which are nationally threatened do remain in areas where there
is permanent flow and good instream habitat, such as the Murrumbidgee River and Yanco
Creek system (such as Murray Cod and Trout Cod). Additionally, Gilligan 2005 noted that there
are still strong and healthy populations of small bodied fish in both the Yanco and the broader
Murrumbidgee systems. Small fish are important indicators of functioning systems and these
play an important role in a healthy and diverse fish community.
The Mid Murrumbidgee River and Yanco Creek are within the range of at least 15 native fish
species (Gilligan 2005) and in the mainstem of the Murrumbidgee River there are strong
populations of Golden Perch, Silver Perch, Freshwater Catfish, Trout Cod and Murray Cod.
There is spawning and self-sustaining populations of the majority of these fish (Baumgartner
2007; Baumgartner and Harris 2007; Jason Thiem, pers. com.).
Trout Cod have been raised as an issue consistently by the local community and are most
common in the upper part of Yanco Creek, usually above Tarabah Weir (Sharpe et al. 2013). In
Yanco Creek, there is also a Trout Cod population but it is unclear whether these fish form a
self-sustaining population or are reliant on spawning in the main stem of the Murrumbidgee
system (Sharpe et al. 2013; Sharpe and Stuart 2014).
The Billabong Creek baseline fish survey undertaken in 2013 where 14 species (10 native and 4
exotic) were sampled across 40 survey sites. Non-native Common Carp dominated the biomass
(63%). The presence of Trout Cod in Yanco Creek, across a broad spatial range in 2013
(Sharpe et al. 2013) and again in the present 2014 study (albeit with the known distribution
extended to Colombo Creek), is however indicative of a persistent and resident population.
Trout Cod are typically rare across the Murray-Darling Basin (Koehn et al. 2014) and Sharpe et
al. 2013 suggested that the presence of the species in Yanco/Colombo Creeks indicates that
some aspects of the regulated flow regime and existing habitat features are at least somewhat
suitable for the species.
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Small-bodied fish are also common, as they are elsewhere in the lowlands of the Murrumbidgee
River catchment and these include Australian Smelt, Carp Gudgeons, Murray-Darling
Rainbowfish, Flatheaded Gudgeons and Unspecked Hardyhead. The very uncommon smallbodied fish include: Southern Purple Spotted Gudgeon, Southern Pygmy Perch, Olive Perchlet
and Flatheaded Galaxias, but these are not expected to be present in the Yanco Weir project
area.
Low and rising flows are important for upstream migration of native fish species and the fish
which can be expected to migrate in the Murrumbidgee and Yanco are identified in Table 3.
Fish which can be expected to migrate upstream during high flows, particularly in spring are
also shown and the seasonal timing is summarised in Table 4. Although no fish species migrate
upstream exclusively on high flows, some fish like Golden Perch, Silver Perch and Murray Cod
are highly mobile during floods (100s km).
Downstream migration is also an important component of the life-history of most of the native
fish species. Late winter, spring and summer are the important times for upstream and
downstream fish movement. The early life stages of fish also drift downstream with Golden
Perch, Murray Cod, Trout Cod and potentially Silver Perch eggs and larvae present in spring
and summer.
Fish movement to-and-from Yanco Creek is important for the local population ecology and will
occur for almost all fish species but especially for freshwater catfish and Trout Cod. The
reasons for this movement include for feeding, dispersal, gene flow and re-colonisation.
Within the Yanco Creek, large-bodied fish species (e.g. Murray Cod and Trout Cod) will
generally stay in the deeper pools, with strong habitat values and water velocities (i.e. >0.3
m/s). All fish species are more likely to use Yanco Creek in spring and summer rather than
winter, unless flow and permanent pools are maintained. There is also likely to be drift of native
fish eggs and larvae into Yanco Creek during spring and summer.
The existing Yanco weir structure is a barrier to fish movement. The weir currently has a nonfunctioning submerged orifice fishway located on the left hand side of the vertical lift gates. This
fishway was built in 1980 during the construction of the weir and was based on the European
designs which aimed to pass salmonoid fish species. Such designs have since been recognised
as ineffective in passing native fish species.
As such, the weir in its current state acts as a barrier to fish passage during flows less than
approximately 25,000ML/d. When flows are less than this the weir restricts fish due to excessive
head loss, velocity and increased turbulence across the face of the structure. When the vertical
lift gates are closed there is no fish passage possible. Similarly, when the gates are partially
raised, high water velocities and turbulence experienced through the gates are too great to
allow the upstream passage of fish.
Fish passage at Yanco weir may possible less than 4% of the time (dependant on the operation
of the gates) in addition, the timing when fish passage is possible may not coincide with
spawning migrations of all or any of the resident fish species within the Murrumbidgee River
(spring and early summer).
The structure also is not conducive to drift downstream of early life stages of fish. The weir is
an undershot weir, which is known to have negative impacts on fish larvae (up to 40% mortality
of larvae passing through an undershot weir, compared to only 16% in an overshot weir)
(Marttin and Graaf 2002: NSW DPI 2006).
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2.6.2

Macroinvertebrates

Macroinvertebrates form an important component of the aquatic ecosystem, both as part of the
natural biodiversity and as a vital component of the food chain (they form the major component
of the diets of most native fish).
The major determinants of the abundance and composition of the aquatic macroinvertebrate
fauna are the flows, available habitat, sources of food and water quality. In the main, the key
habitats for macroinvertebrates in lowland rivers are the benthic sediments, instream vegetation
and woody debris in the channel. An additional habitat in lowland rivers is the zone of tree roots
along the edge of the channel. These roots provide shelter from high flows and predators, trap
leaves and other organic debris in which the macroinvertebrates live.
The major food sources for most macroinvertebrates are algae, biofilms (layers of bacteria and
other micro-organisms that cover elements in the water) and terrestrial organic material (leaves,
twigs etc) that fall into the stream from the riparian zone.
Altered variability of flows following the construction of dams has been shown to result in
reduced aquatic macroinvertebrate diversity downstream of dams (Doeg, 1984; Boon, 1988),
high biomass of nuisance biofilms, and reduced diversity of biofilms (Ryder 2004; Watts et al
2008).
Very little is known of the diversity and composition of the macroinvertebrate fauna of the Yanco
Creek system. Only one record of a survey, at a single site on the Yanco Creek at Morundah in
1998 could be located. The fauna at that site was typical of lowland rivers, with species
associated with snags (e.g. freshwater prawns, beetles and shrimps), aquatic plants (e.g.
caddisflies and shrimp), relatively slow-flowing open water (e.g. water bugs) and fine sediments
(e.g. freshwater worms). It would seem likely that similar types of communities would be
prevalent throughout the remaining parts of the system due to the types of habitats that can be
found elsewhere and consistent with the Murrumbidgee river and its wetlands.
Following the environmental flow releases to the Mid Murrumbidgee Wetlands in 2011 it was
found the flow had a positive effect by significantly reducing the biomass of biofilm at several
sites, most likely due to scouring of biofilms from increased water velocity.
The biofilm was comprised of 58 algal taxa including red algae, green algae, blue-green algae
and diatoms. In the Murrumbidgee River, the environmental flow provided benefit by reducing
the relative proportion of red, green and blue-green algae and increasing the proportion of
diatoms, which are common in unregulated river systems.
For the majority of the dominant macroinvertebrate taxa there was also a short term increase in
abundances immediately after the environmental flow.

2.6.3

Amphibians and reptiles

Frogs are a key value at all wetlands sites on the Murrumbidgee and Yanco creek. Work
undertaken by Charles Sturt University in 2011 recorded frog species at mid-Murrumbidgee
wetlands sites prior to the environmental watering (2-5 June 2011), and the surveys after the
environmental watering (4-7 July 2011, post-watering 1; and 25 Aug – 2 Sep 2011, postwatering 2).
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2

2

1

1

Spotted marsh frog

1

July

Plains Froglet

(post-watering 1)

Spotted marsh frog

August

Plains Froglet

3

(post-watering 2)

Spotted marsh frog
Peron’s tree frog

2

Barking marsh frog

Yanco Ag C2)

1

Turkey Flats (C2)

Euroley (C1)

McKennas

Yarrada

Sunshower

Gooragool

Coonancoocabil

Dry Lake

Barking marsh frog

Molleys

Plains froglet

(prior to watering)

Narrandera SF

Berry Jerry

June

3

1

3

2

3

1

1
8
4

1

5

3

9

5

4

2

10

23

10

7

13

1
2

28

8

9

16

3

21
2

5

1

1

The results indicate the obvious ecological response to a watering event, and identify the Plains
Froglet, Spotted marsh frog, Peron’s tree frog, and Barking marsh frog all being present.

2.6.4

Waterbirds

Waterbirds depend on free-standing water to feed – by swimming, wading or diving – or to
establish nesting sites. Inland wetlands also provide important habitat for waterbird species, and
at least 34 species depend on wetlands in the Murray-Darling Basin for breeding.
Wetlands provide a variety of habitats and food sources for birds to live and reproduce. Many
waterbirds move regularly to newly flooded habitats to feed and/or breed before a wetland dries
down. Some semi-permanent, permanent and coastal wetlands can provide refuge for species
when wetlands in other regions are dry for long periods. Many species depend on particular
wetlands, for refuelling and resting, during their long migrations between wetlands in NSW and
other parts of Australia or other countries.
Waterbirds use a range of wetland habitats to source a variety of food. This helps meet the
specific dietary needs for different waterbird species, with many being either fish-eaters
(piscivores), plant eaters (herbivores), or invertebrate feeders.
Mid Murrumbidgee wetlands with deep, open water attract diving ducks such as musk dusks
and hardheads which feed on on aquatic plants and animals, particularly yabbies, freshwater
shellfish and mussels. Grazing waterfowl such as the Australian wood ducks, black swans and
plumed whistling ducks are often found roosting on grassy banks of a wetland or ‘bottom up’
feeding on wetland plants. Reeds and rushes provide cover for shoreline foragers including
crakes, rails and swamphens. Mudflats and shallow water are rich feeding areas for feeders of
invertebrates such as spoonbills, ibis, stilts, oystercatchers, dotterels and sandpipers.
The breeding response of many waterbird species has developed in response to the natural
flooding regime of inland river systems. The size, timing and duration of flooding and the rate of
fall of water levels in a wetland are important factors – either individually or in combination – that
influence the success and magnitude of breeding.
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In their assessment of significant Murray Darling Basin wetlands, Kingsford et al. (1997)
identified the section of the Murrumbidgee floodplain between Wagga Wagga and the Lower
Murrumbidgee Floodplain as an important area for waterbirds.
In the 1997 survey Dabbling Ducks (Grey Teal and Pacific Black Ducks) were the most
abundant and widespread species, the grazing Australian wood duck was also very common. Of
the fish-eating species, little pied and little black cormorants were abundant. Species richness
was highest at Sunshower and Gooragool lagoon (15 species) followed by Turkey Flat (13
species).
Briggs and Thornton (1999) showed that the number of nests of waterbirds such as cormorants,
herons, egrets, ibis, spoonbills, ducks and teals occurring within the Mid-Murrumbidgee River
Wetlands were related to the area and duration of river red gum inundation.
Table 3 provided details of waterbird counts in June. July and August of 2011 across the Mid
Murrumbidgee wetlands
Table 5 Waterbird Counts across Mid Murrumbidgee wetlands
Sunshower (n=3)

Yarrada(n=3)

McKennas (n=3)

Euroley (C1)(n=3)

Turkey Flat (C2) (n=3)

Yanco Ag (C2) (n=3)

Total

7

Gooragool(n=3)

Molleys (n=3)

1

Coonacoocabil (n=2)

Narrandera SF(n=2)

7

Dry Lake (n=3)

Berry Jerry (n=2)

Australasian grebe

8

3

4

5

5

2

13

4

59

Australasian shoveler
Australian white ibis
Australian wood duck

11

11
3
4

14

3
6

Black duck
Black swan

2

46

143

2

1

5

2

150

7

1
28

8

254

26

681

1

2

2

13

2

9

5

Black-fronted dotterel

5

5

Chestnut teal

7

7

Darter

1

25

28

7

6

1

9

Eurasian coot

2

Great cormorant

1

Great egret

1

Grey teal

3

16
3

Intermediate egret

4

27

8

2
19

5

84

32

2

5

2

47

127

23

54

4

1

5

19

3

42

72

20

167

49

15
55

25

18

362

Pacific black duck

29

2

45

34

698

132
450

3
2

2
1

1
2

6

34

Masked lapwing
Nankeen night heron

9

102

74

10

Little black cormorant
Little pied cormorant

70

2

Dusky moorhen

41

56

4

6

39

149

13

310

Improved Flow Management Works at the Murrumbidgee River - Yanco Creek Offtake ‒ Business Case

under the Japan–Australia, Republic of Korea–Australia and the China–Australia Migratory Bird
agreements (MDBA 2012b).
The provision of large woody debris in waterways provides habitat for large bodied native fish
and helps contribute to variability in flow velocity and turbulence within anabranch streams. The
diversity in velocity, turbulence, width and depth conditions within waterways provides a number
of habitat niches that enables the support of several life-stages of native fish – nursery areas,
juveniles and adults (NSW Public Works & FCS 2013).
Migration/dispersal/recolonisation – The connectivity between aquatic environments enables the
movement of aquatic organisms within and between these systems e.g. longitudinally along
waterways and rivers, and laterally between waterways and floodplain environments. This
transfer of individuals is required to promote genetic diversity and therefore resilience of
populations and communities.
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3 Proposed works and measures
3.1 Current structures at Yanco offtake
Figure 7 presents the location of the structures currently in operation at the Yanco offtake:
•

Existing gated regulator on the Murrumbidgee River (Yanco Regulator)

•

Existing (older) fixed crest weir (Yanco Weir)

Figure 7. Location of structures within the site

Yanco Regulator is designed to divert flows into Yanco Creek, in combination with the water
level created by Yanco Weir which determines the flow that Yanco Creek receives.
The maximum weir pool level for the existing structure with gates closed is 137.2 m AHD and
the commence to flow level for Yanco regulator is approximately 136.1 m AHD. The existing
weir pool can only regulate the low flows in Yanco Creek (up to approximately 10,000 ML/d in
the Murrumbidgee). Larger flows are shared with the Murrumbidgee River in an uncontrolled
way.
The current flow share between the Murrumbidgee and the Yanco Creek system is illustrated in
Figure 8.
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Figure 8. Current relationship between flow in the Murrumbidgee River downstream of Yanco Weir (x-axis)
and the flow to Yanco Creek at the Yanco offtake (y-axis)

Details of the existing structures – the ’top gate’ Yanco Regulator; and the concretefixed crest
Yanco Weir are summarised in Figure 9Figure 9 and Figure 10 respectively.
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Feature

Level

Existing Pool
level

RL 137.18

Existing adopted
flood level

RL 141.06

Existing gate sill

RL 134.11

Existing Top
gate (closed)

RL 137.41

Existing Top
Gate (fully open)

RL 146.26

Top Gantry deck

RL 147.81

Existing
downstream
apron

RL 132.61

Image of the existing Yanco Regulator

Existing Yanco Regulator design details

Figure 9. Summary of details of the existing Yanco Regulator structure
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3.2 Proposed arrangement
The project comprises the following components with their associated objectives:
•

Install a new regulator in Yanco Creek to facilitate more efficient delivery of
environmental water to the Murrumbidgee Wetlands. The target environmental flow
value, for the purpose of this assessment is 44,000 ML/d at Narrandera. The regulator
will mean that the delivered water is not shared with Yanco Creek, which receives about
10% of Murrumbidgee flows in its current unregulated condition.

•

Provide infrastructure that will allow the level of the weir pool at the Yanco offtake to be
raised to a level such that the flows excluded from the Creek in times of environmental
watering of Murrumbidgee wetlands, can be delivered specifically to the Creek at a more
appropriate time. This will require changes to the existing arrangements for the Yanco
Regulator (on the Murrumbidgee River) and Yanco weir.

•

Provide a fishway at the new Yanco Creek Regulator to mitigate the fish barrier that the
structure represents

•

Provide a fishway at the Yanco Regulator and/or weir as part of the upgrade works

The proposed infrastructure arrangement is shown Figure 11Figure 11. The main infrastructure
components are;
Yanco Creek Regulator and fishway
A new regulator to be installed in Yanco Creek will utilise a series of overshot gates that will
allow downstream fish passage. Upstream fish passage, which is affected by the new structure,
will be mitigated with a vertical slot fishway.
The regulator will be designed so that there is minimal change to the Yanco Creek hydraulics
when the gates are fully opened.
The regulator will also facilitate the efficient delivery of water demands, both customer and
environmental, to locations in the downstream reaches of the Yanco system.
Increased weir pool level at Yanco weir
The weir pool will be raised at Yanco so that environmental water can be provided to Yanco
Creek without having to provide large flows downstream in the Murrumbidgee River. The
proposed Yanco Creek regulator will exclude higher flows of well over 4,000ML/d in Yanco
Creek when the river is at 44,000ML/d (see Figure 8) or 45,000ML/day considering the flood
easement level under constraints program. However its only feasible to raise the weir by 2.5m
and this will allow a diversion of about 4,000ML/d into Yanco Creek when river flow is regulated.
In addition, the environmental flows recommendations include a requirement for 2,500 ML/d at
particular reaches in Yanco Creek. To achieve this it is expected that the weir pool level at the
offtake will need to be raised at least by 2.5 metres. The water level at Yanco Weir will retain the
bulk of the additional weir pool capacity (~ 2/3) as air space during normal flow periods.
However the weir pool capacity will be utilised for:
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•

delivery of environmental flows to Yanco Creek

•

temporary capture and controlled release of local upstream runoff (re-regulation)

•

storage of cancelled water orders, pending further supply opportunities.
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Figure 11. Arrangement of proposed infrastructure works at the Yanco site
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New Murrumbidgee Regulator at Yanco Weir
An investigation of the structural and mechanical capacity of the existing regulator at Yanco weir
indicates that it is not suitable for upgrading for the increased water level associated with the
new weir pool design level.
Therefore it is proposed to install a new regulator in the meander reach that currently has the
Yanco fixed crest weir.
The new regulator will be a four-gated structure – each gate 12 m wide. It will facilitate overshot
discharge. The regulator will need to cater for the combined discharge that is currently achieved
through the existing two-gate structure and the fixed crest weir.
The regulator will incorporate a vehicle access/bridge to replace the access currently provided
on the Yanco weir.
The existing Yanco weir will be retained through the construction period to act as an upstream
coffer dam. A downstream coffer dam will be provided by the installation of sheet piles.
Fishway at new Murrumbidgee Regulator
The project will provide for both upstream and downstream fish passage in the Murrumbidgee
River at Yanco. To date the structures have represented significant barriers to fish migration in
both directions, except during high flow events.
The upstream fish passage will be achieved with a combination of a rock ramp fishway and a
vertical slot fishway. The rock ramp will be built against the sheet pile coffer dam installed
downstream of the new regulator. An advantage of this approach is that the rock ramp fishway
provides a reliable tailwater pool for the regulator, to ensure that downstream passage is viable.
The vertical slot fishway (VSF) will provide for the balance of the fishway ‘lift’ that will be
required to access the weir pool.
Upgrade existing Yanco Regulator
The existing Yanco two-gate regulator will be retained with its existing gates and hoist system.
However the sill will be raised by the proposed weir pool increase (2.5 m). The gates will be
retained in the closed position except for large unregulated flow events. In that case they will be
fully opened to increase overall system capacity.
The structure will need to be upgraded to cater for the increased hydraulic loads associated with
a greater water depth. This will involve:
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•

increasing the height of the sill using mass concrete shaped to allow streamlined
discharge through the existing dissipators. It is nevertheless noted that the downstream
tailwater will be high at times when the gates are opened.

•

installing a series of bored piles through the apron to enhance the factor of safety of the
structure.
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3.2.1

Yanco Creek regulator

The Yanco Creek regulator is a new structure and thus the design can be optimised to the site
and flow objectives. The regulator is required to facilitate flows in the Murrumbidgee
downstream of the Yanco Weir up to 45,000 ML/d. The gates need to control headwater up to
approximately 140.45 m AHD1.
The proposed location for the new regulator is in the constructed Yanco Creek cutting, as
shown in Figure 13Figure 13. This site has good access and is approximately 100 metres from
the existing control room and power supply at the site.

Figure 12. Proposed site for new regulator

Operational protocol
The regulator gate will be retained as a closed, or regulated discharge, gate in the following
circumstances:
(i)

Targeted flows to downstream Murrumbidgee River (e.g. environmental flows to Mid
Murrumbidgee wetlands) are to be delivered with minimal flows into the Yanco Creek
system

(ii)

The weir pool is operated to temporarily store water prior to discharge to downstream
Murrumbidgee or Yanco Creek.

(iii)

To manage a flow regime in Yanco Creek

For unregulated flow events in the Murrumbidgee River that are not targeted to downstream of
Murrumbidgee River the regulator is to be fully opened.

1

ref: Hydraulic Modelling and Inundation Mapping for the Murrumbidgee River and Tumut, Beavers, Old Man and Yanco
watercourses” undertaken by WaterNSW for Murrumbidgee Constraints Management Study (Murray Darling Basin
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Figure 16. Water surface profiles for Yanco Creek

Temporary diversion channel
During the construction period it will be necessary to continue to provide flows down Yanco
Creek to service demand and base flow. The most practical way to achieve this is to construct a
diversion channel on the south side of the existing channel, as shown in Figure 12Figure 12.
The channel will need to have a similar profile to the existing channel which is estimated at 90
m3/m. The length of the channel will be approximately 400 m. Therefore the earthworks required
will be approximately 36,000 m3. We would recommend that the channel be lined to limit
infiltration into the works area.

Figure 17. Conceptual cross-section of temporary diversion channel design

3.2.2

Fishway at Yanco Creek regulator

The regulator is designed to control a headwater level of 140.45 m AHD. This is the water level
associated with a 44,000 ML/d (or 45,000ML/day when considered flooding easement under
constraints) flow delivery targeted at the mid Murrumbidgee wetlands, and which the Yanco
Creek regulator will exclude from entering Yanco Creek.
At 200 ML/d (base flow) the depth of flow in Yanco Creek is approximately 0.7 m and the water
level is 136.9 m AHD.
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Therefore the fishway at this site needs to cater for a HW – TW difference of 3.5 m.
We propose that a vertical slot fishway be designed for this site. It will need to be able to
accommodate:
•

a headwater range from 138.0 to 140.24

•

a tailwater range from 136.7 to 137.6

Criteria to be adopted in the design are recommended as follows:
•

Cell size ~ 3 m x 2 m

•

Hydraulic drop between cells ~ 0.15 m, minimum entrance head loss of 0.1 m

•

Minimum water depth of 1.0 m

•

average pool turbulence: <60 W/m3 (assuming Cd of 0.7)

•

maximum water velocity (at vena contracta): 1.7 m/s

•

fishway slope no greater than 1v:20h

•

slot widths should be keyhole and are dependent on detailed design decisions but a 0.3
m slot should be provided for part of the depth (e.g. 0.3 m wide by 0.5 m deep for bottom
half and 0.2 m wide by 0.5 m deep for top half)

•

fishway entrance to be located at the upstream limit of migration

For maximum 3.55 m HW – TW difference it will require 24 cells, with a drop of 0.15 m between
cells. The concept arrangement provides for one entry gate and two exit gates to cater for the
range of water levels. The arrangement is presented schematically below, and will be similar to
the VSF for the new Yanco regulator on the Murrumbidgee River.
4

9

14
18

10

22

12

24

Entrance

WEIR

1

Low Level Exit

High Level Exit

The layout, configuration, and choice of structural materials will be determined in the design
development stage. For the purpose of costing we have allowed for a concrete structure. The
structure will be set into the right bank. Sheet piling will be employed for shoring to facilitate
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construction. Precast concrete units are proposed, but in-situ concrete will also be feasible at
similar cost. We have allowed for the system to be fully automated and connected to SCADA.
We have also allowed for installation of pit tag readers.

3.2.3

New Murrumbidgee Regulator (Yanco weir)

The introduction of the Yanco Creek regulator has the ability to exclude the high flows from
Yanco Creek, where these are currently be shared with the creek. To compensate for this the
Yanco weir needs to be upgraded so that it will allow the level of the weir pool at the Yanco
offtake to be raised to a level such that the flows excluded from the creek in times of
environmental watering of Murrumbidgee wetlands, can be delivered specifically to the Yanco
Creek system at a more appropriate time.
The new Murrumbidgee Regulator will be located in the same reach as the Yanco Weir as
shown in Figure 18Figure 18.

Figure 18. Location of new regulator in Murrumbidgee River at Yanco
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The proposed arrangement is shown in Figure 19Figure 19.

Figure 19. Schematic showing new Murrumbidgee Regulator at Yanco Weir, including approach ramps and
access road

The discharge capacity of the proposed four-gate regulator versus headwater level is shown in
Figure 20. The chart shows the theoretical discharge capacity for the existing two-gate regulator
(fully open) and spill over the fixed crest weir. It also shows the theoretical discharge through
the new four-gate regulator to replace the fixed crest weir, plus the existing two- gate regulator
with a raised sill. This indicates that the theoretical capacities are reasonably matched.
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Figure 22. Water depths upstream of Yanco offtake under existing conditions (source: Hydraulic Modelling and Inundation Mapping for the Murrumbidgee River and
Tumut, Beavers, Old Man and Yanco watercourses, WaterNSW)
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Figure 23. Water depths upstream of Yanco offtake under proposed conditions, weir pool level of 138.0m AHD (source: Hydraulic Modelling and Inundation Mapping
for the Murrumbidgee River and Tumut, Beavers, Old Man and Yanco watercourses, State Water Corporation)
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Figure 24. Water depths upstream of Yanco offtake under proposed conditions, weir pool level of 139.68 m AHD (source: Hydraulic Modelling and Inundation
Mapping for the Murrumbidgee River and Tumut, Beavers, Old Man and Yanco watercourses, WaterNSW)
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3.2.5

Upgrade existing Yanco Regulator

The existing Yanco Regulator requires an upgrade to be suitable for the increased weir pool
level. This will involve:
•

increasing the height of the sill using mass concrete shaped to allow streamlined
discharge through the existing dissipators. It is nevertheless noted that the downstream
tailwater will be high at times when the gates are opened.

•

installing a series of bored piles through the apron to enhance the factor of safety of the
structure.

•

Downstream rock protection of apron

Figure 29. Proposed upgrade to arrangement at Yanco Regulator

3.3 Proposed infrastructure rules and hydrology
The proposed works have been designed to efficiently supply water to the Mid Murrumbidgee
wetlands while minimising changes to the flow regime down the Yanco Creek system. The
development of the operational rules are a key part of the management of the structures, and
will be agreed through the ‘works approval’ process led by NSW DPI Water (further information
on process in Sections 5.7 and 8).
The operating rules outlined below are those proposed by WaterNSW. These rules have been
modelled in the Murrumbidgee IQQM. Outcomes of this hydrological modelling are discussed in
Sections 4 and 5.
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3.3.1

Proposed operating rules

Rule 1- Regulated flows into Yanco Creek
For flows less than 15,000 ML/d in the Murrumbidgee River at Narrandera, regulate the flows
between the Murrumbidgee and Yanco system to meet the orders. (i.e. Operate Yanco Creek
regulator to supply flows into Yanco Creek system to meet the orders including minimum flow
requirements along the Yanco Creek system). WaterNSW will operate the regulator to deliver
the same flow regime for flows below 15,000 ML/d that occurred under current operational
arrangements.
When Murrumbidgee River is above 15,000 ML/d, operate Yanco Creek regulator to divert a
minimum of 600 ML/d into Yanco Creek to maintain base flow and fresh events.
Rule 2 – Targeted Environmental flows into Yanco Creek
Rule 2 is applied in addition to Rule 1. Between September and December when unregulated
flow in the Murrumbidgee River is between 10,000ML/d and 24,000ML/d, the hydrograph is
receding, and sufficient surplus flows exist:

• divert up to 1,500 ML/d into Yanco Creek, on top of flow for rule 1 and any orders, for up
to 3 days once a year

• divert up to 2,500 ML/d into Yanco Creek ,on top of flow from rule 1 and any orders, for
up to 5 days on average every second year.
Between August and December when unregulated flow in the Murrumbidgee is between
10,000ML/d and 24,000ML/d, the hydrograph is receding, and sufficient surplus flows exist:

• divert up to 4,000ML/d into Yanco Creek, on top of flow from rule 1 and any orders, for
up to 5 days if there is a flow (up to bankfull) occurring in the unregulated portion of
Billabong Creek, on average every 3 years.
Between January and April when unregulated flow in the Murrumbidgee is between 10,000ML/d
and 24,000ML/d, the hydrograph is receding, and sufficient surplus flows exist:

• divert up to 4000ML/d into Yanco Creek, on top of flow from rule 1 and any orders, for up
to 5 days.
Rule 3 - Targeted Environmental flows to Mid Murrumbidgee Wetlands
When flows exceed 24,000 ML/d in the Murrumbidgee River, Yanco Creek regulator is
managed to deliver orders.
Note: Control of flows delivered to the Yanco Creek system is exceeded when flows are in
excess of 45,000 ML/d in the Murrumbidgee River.
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4 Anticipated outcomes
4.1 Anticipated ecological outcomes
4.1.1

Fish

The environment present within the Mid Murrumbidgee River Wetlands has been identified as
supporting native fish (Morris et al 2001, Gillian 2005). The site supports important habitat and
species that are listed in international agreements, and include vulnerable and endangered
species such as Murray Cod (Maccullochella peelii peelii). Achieving the targets for floodplain
wetlands and water birds will ensure inundation of breeding and feeding habitats considered
key for a range of fish, amphibian and water-dependent reptile and invertebrate species (MDBA
Publication No: 35/12).
Improved watering outcomes to the Mid Murrumbidgee wetlands would likely result in greater
fish numbers. In the Wassens (2012) report which reviewed post environmental flow releases
the environmental release appeared to favour native over exotic species, and native fish were
more abundant in filled wetlands than introduced species. Juveniles of all five native species
were recorded in filled wetlands, with juveniles of carp gudgeon, bony bream and un-specked
hardyhead making up 50% or more of the total catch for these species by February 2012.
Wassens (2012) reviewed changes in fish communities over time in the Mid Murrumbidgee
wetlands and noted that three native species (un-specked hardyheads, Murray-Darling rainbow
fish and bony bream) were not recorded during surveys in August 2011 but were likely to have
recolonised wetlands during subsequent top-up flows in September 2011 (natural event) and
December 2011 (environmental release).
The increased flow outcomes of this proposal are likely to result in a more frequent
recolonization of semi permanent wetlands by native fish.
Installation of weir structure or raising of current weir heights would increase water ponding,
changing the hydrological dynamics. This in turn may have a detrimental impact on fish which
live in fast flowing conditions (refer Section 5).
Achieving the targets for floodplain wetlands and waterbirds will ensure inundation of breeding
and feeding habitats considered key for a range of fish, amphibian and water-dependent reptile
and invertebrate species

4.1.2

Frogs and Amphibians

Wassens (2012) identified that five species of frogs were recorded in the Mid Murrumbidgee
Wetlands from June 2011 to February 2012. Four species, the plains froglet Crinia
parinsignifera, Perons tree frog Litoria peronii, barking marsh frog Limnodynastes fletcheri and
spotted marsh frog Limnodynastes tasmaniensis, were widespread, however the inland banjo
frog Limnodynastes interioris was restricted to a single site.
It was noted that the southern bell frog Litoria raniformis had been previously been recorded in
November 2010, but not found again during the 2011 – 2012 surveys.
The abundance of frogs in wetlands that received water during the 2011-12 environmental
releases was generally higher than areas which did not receive water as part of the
environmental release, but the outcomes did differ among species. The abundance of barking
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and spotted marsh frogs increased significantly within wetlands that received environmental
water in 2011-12, but the abundance of Peron’s tree frogs and plains froglet did not differ
significantly in response to the environmental flow.
The increased flow outcomes of this proposal are likely to result in a more frequent
recolonization of semi-permanent wetlands by native fish.
Improved watering outcomes to the Mid Murrumbidgee wetlands would result in greater
recruitment for wetland frog species (particularly barking and spotted marsh frogs) leading to an
increased abundance of frogs within filled wetlands. It is possible that an improved watering
outcome would also facilitate the recruitment of the Southern Bell Frog.

4.1.3

Water birds

Studies by Briggs et al. (1997), Briggs et al. (1994), Briggs and Thornton (1999) and Kingsford
et al. (1997) have shown that the mid-Murrumbidgee is an important area for waterbirds
including breeding of colonial nesting waterbirds. .(MDBA Publication No: 35/12). Improved
watering outcomes to the Mid Murrumbidgee wetlands will increase foraging opportunities,
promote nesting and create conditions for the successful fledging of birds.
Survey data has showed that waterbird communities were diverse in the filled midMurrumbidgee wetlands with 36 species recorded during the 2011-12 surveys (Wassens
(2012). During this assessment, two species listed on international bird agreements were
observed and breeding activity was detected in eight species. None of the observed species are
listed on the NSW Threatened Species Conservation (TSC) Act 1995 or the Commonwealth
EPBC 1999 Act. The populations of waterbirds were highly correlated to the presence of water
in the wetlands.
Briggs and Thornton (1999) showed that the number of nests of waterbirds such as cormorants,
herons, egrets, ibis, spoonbills, ducks and teals occurring within the Mid-Murrumbidgee River
Wetlands were related to the area and duration of river red gum inundation. To enable
waterbirds to complete breeding and fledge their young, river red gums need to be inundated for
at least 5 and up to 10 months (Briggs and Thornton 1999). These authors also recommended
that river red gum wetlands should be flooded in winter/spring with flows from the river.
The MDBA produced a table to describe the significant bird breeding wetlands and some key
wetland characteristics. Summarising the outcomes to achieve intended bird breeding
outcomes a flow rate of 47,000 (commence to flow (ML/d) is required at Wagga (27,000 ML/d at
Narrandra). The observed flows during the period July 1988 to June 1994 indicate that rates
exceeding 27,000 ML/d for a total of around 45 days will inundate river red gums at the
surveyed sites for at least 5 and up to 10 months, and provide sufficient duration of inundation
to achieve successful bird breeding outcomes.( MDBA Publication No: 35/12)

4.1.4

Aquatic vegetation

The Mid Murrumbidgee wetlands did significantly suffer through the millennium drought and
slow recovery of the aquatic vegetation in the mid-Murrumbidgee wetlands is an important
consideration (MDBA 2014). The clearest example of slow recovery of aquatic vegetation
following prolonged drying was at McKennas lagoon which was dry for eight years, but which
historically supported dense stands of tall spike rush Eleocharis sphacelata and had a very high
percent cover of aquatic vegetation. After eight years without water the aquatic vegetation
communities did not recover following the environmental releases to the same extent as those
wetlands which had been dry for between three and five years. Tall spike rush which was
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abundant at McKennas Lagoon in 2001 was not recorded at all during our surveys in 2010-12
(Wassens 2012)
The long-term persistence of aquatic vegetation is dependent on the maintenance of a viable
seed bank. The seed bank can be affected by dry period where the viability of seed declines
over time with seed banks progressively depleting if the wetland remains dry for longer than
about six years (Roberts and Marston 2011). Seed banks are also influenced by watering and
the hydrologic pathways for dispersal of seeds and propagules (Roberts and Marston 2011), for
instance connectivity by floodwater facilitates dispersal and re-colonisation of wetlands by
aquatic species (Sheldon et al. 2002).
Improved watering outcomes would result in further and more frequent connection of the
wetlands with the Murrumbidgee River and will increase the likelihood of aquatic vegetation
recovery, improving seed banks and ultimately improving the resilience of aquatic vegetation in
the Murrumbidgee Valley.

4.1.5

Riparian and terrestrial vegetation

Terrestrial vegetation of the Mid-Murrumbidgee River Wetlands is dominated by river red gum
(Eucalyptus camaldulensis) which forms a continuous band along the river. In the lower section
of the mid-Murrumbidgee floodplain system black box woodlands (E. largiflorens) become a
common feature on higher ground away from the river. Lagoons and swamps occur along the
river and fill from high flows. (MDBA Publication No: 35/12)
River Red Gum normally occurs on cracking clay soils along drainage lines and low floodplain.
Black Box normally ooccur on grey clay soils along drainage lines and in depressions on the low
and mid-floodplain. They often have variable understorey ranging from flood-dependent
wetland species to flood-tolerant chenopods. .
The primary driver delivering environmental flows to River Red Gum and Black Box
communities are to improve vegetation health and vigour which in turn has ecological benefits to
water birds in particular.
Overton et.al. 2014 indicates that associated waterbird ecological elements for improving the
health of these flora communities includes:
River Red Gum

Black Box

Bitterns, crakes and rails

Bitterns, crakes and rails

General abundance and health – all waterbirds

General abundance and health – all waterbirds

Breeding – Colonial-nesting waterbirds
Breeding – other waterbirds

Red Gum Forests require a maximum inundation of 75 out 100 years and a minimum of 33 out
of 100 years (optimal inundation 70 out of 100 years) and with a minimum duration of 5 months
and maximum of 7 months. Black Box woodlands require a maximum inundation of 33 out 100
years and a minimum of 14 out of 100 years (optimal inundation 25 out of 100 years) and with a
minimum duration of 2 months and maximum of 3 months.
Improved watering outcomes aligned with the regimes presented above would result in a
greater extent of inundation of River Red Gum and Black Box vegetation communities. This in
turn has flow on benefits to birds and other fauna.
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4.1.6

Macroinvertebrates

Increased flow events have the most beneficial impact on instream biofilms and
macroinvertebrates. Environmental flows in the Murrumbidgee significantly reduced the
biomass of biofilm, most likely due to scouring of biofilms from increased water velocity. The
benefits to instream ecosystem due to reduced biomass of biofilms is an increase in the relative
proportion of early successional algal taxa (e.g. diatoms) and increased number of
macroinvertebrate taxa.
In addition, the composition of biofilms changed following the environmental release with
reduced relative proportion of red, green and blue-green algae and increased diatoms. These
positive changes were maintained within the Murrumbidgee for an extended period after the
release.
Improved watering outcomes aligned with increase flow releases would result in reduced
biomass of biofilm and algae and increased successional algal taxa (e.g. diatoms) and number
of macroinvertebrate taxa.

4.2 Achievement of objectives and targets
4.2.1

Achievement of specific flow indicators - Mid Murrumbidgee wetlands

Section 2.5.1 identified that the environmental water requirements of the Mid Murrumbidgee
Floodplain Wetlands have been evaluated and quantified through the development of five sitespecific flow indicators (SFIs), and outlined how the focus of this proposal is to target delivery of
the SFIs ranging from 26,850 to 45,000 ML/d in the Murrumbidgee River at Narrandera, namely:
•

26,850 ML/d for a total duration of 45 days between July & November for 20% of years

•

26,850 ML/d for 5 consecutive days between June & November for 50% of years

•

34,650 ML/d for 5 consecutive days between June & November for 35% of years

•

44,000 ML/d for 3 consecutive days between June & November for 30% of years

The target magnitude, frequency and duration of the SFIs in the Murrumbidgee River and
Narrandera were derived by the MDBA based upon hydraulic modelling which estimated the
extent of inundation of the Mid Murrumbidgee Floodplain Wetlands for each SFI event. In
essence, the magnitude and duration of SFI events was derived to achieve a target level of
inundation of the Mid Murrumbidgee Floodplain Wetlands. Importantly, the hydraulic modelling
which informed the development of these SFIs was based upon operation of the Yanco Creek
regulator as per the benchmark conditions.
This SDL adjustment proposal to modify the operating conditions of the Yanco Creek regulator
will alter the extent of inundation of the Mid Murrumbidgee Floodplain Wetlands for a given flow
rate in the in the Murrumbidgee River at Narrandera. WaterNSW have undertaken hydraulic
modelling to examine the change in inundation extent arising from the proposed operation of the
Yanco Creek regulator. From their hydraulic modelling, WaterNSW estimated what flow
magnitude in the Murrumbidgee River at Narrandera would provide equivalent inundation of the
Mid Murrumbidgee Floodplain Wetlands as that which occurred under each site-specific flow
indicator (Table 7). Their results demonstrate that implementation of the proposal will allow the
desired extent of Mid Murrumbidgee Floodplain Wetland inundation to be achieved with flow
rates in the Murrumbidgee River (at Narrandera) that are 8 – 9% less than the flow rate required
under the benchmark.
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The results demonstrate that the proposal provides a major improvement in the achievement of
all SFI events for the Mid Murrumbidgee Floodplain Wetlands, when the effect of the greater
inundation for a given flow rate is accounted for – refer results for the ‘adjusted flow rate’. The
impact of the proposal is most significant for the 44,000 ML/d SFI event, which sees the
percentage of years with successful events increase from 27% to 35%, rising to 44% when
partially successful events are also accounted for. Across all SFIs for the Mid Murrumbidgee
Floodplain Wetlands, the proposal results the number of successful events over the assessment
period increase from 177 to 196 i.e. an overall increase of 19 events.
The proposal is also shown to provide a positive achievement to the delivery of fully successful
SFIs in the Lower Murrumbidgee Floodplain Wetlands and Murrumbidgee River (Table 8). For
example, the proposal increases the overall number of successful SFIs from 419 to 428 in the
Lower Murrumbidgee Floodplain Wetlands and from 238 to 242 in the Murrumbidgee River at
Balranald.
It is worth noting that the increase in successful SFIs under the proposal often results in a flow
regime that over-delivers these flow components – this is generally accentuated by the
benchmark result already having a higher frequency of achievement than targeted. For
example, the percentage of years with a successful event of 34,640 ML/d in the Murrumbidgee
River at Narrandera increases from 46% under the benchmark to 48% under the proposal,
although the target frequency for this event is between 35-35% of years. This relatively large
degree of over-achievement of SFIs therefore indicates that this proposal has the potential to
achieve significant SDL adjustment volumes, as SFI delivery is scaled back to the target range.
Table 8. Frequency of years –that SFI events in the mid and lower Murrumbidgee region are achieved under
1
benchmark and proposed conditions
% YEARS WITH FULLY SUCCESSFUL
EVENTS
Propos a l
Ta rget
Benchma rk (una djus ted
freq.
flow rate)
Mid Murrumbi dgee Floodpl ai n Wetl a nds
26 850 ML/d for 45 da ys 20-25%
11%
11%
26 850 ML/d for 5 da ys
50-60%
61%
60%
34,650 ML/d for 5 da ys
35-40%
46%
45%
44,000 ML/d for 5 da ys
30-35%
27%
27%
62 250 ML/d for 3 da ys
11-15%
11%
11%
Total number of events
177
175
Lower Murrumbi dgee Floodpl a in Wetla nds
Tota l 175 GL
70-75%
95%
95%
Tota l 270 GL
60-70%
88%
87%
Tota l 400 GL
55-60%
82%
82%
Tota l 800 GL
40-50%
60%
61%
Tota l 1,700 GL
20-25%
26%
31%
Tota l 2 700 GL
10-15%
18%
20%
Total number of events
419
428
Murrumbi dgee Ri ver at Ba lrana ld
1 100 ML/d for 25 da ys
58-77%
66%
68%
4,500 ML/d for 20 da ys
54-72%
73%
73%
3,100 ML/d for 30 da ys
55-73%
70%
71%
Total number of events
238
242
Indicator Des cri ption

4.2.2

Propos a l
(a djus ted
flow rate)
14%
64%
48%
35%
11%
196

% YEARS WITH PARTIALLY SUCCESSFUL
EVENTS
Propos a l
Benchma rk (una djus ted
flow ra te)
8%
5%
5%
12%
2%
37

7%
4%
6%
12%
2%
36

0%
5%
9%
7%
9%
4%
39
7%
8%
4%
21

Propos a l
(a djus ted
flow ra te)
10%
5%
6%
9%
2%
36

% YEARS WITH FULLY & PARTIALLY
SUCCESSFUL EVENTS
Propos a l
Benchma rk (una djus ted
flow ra te)
19%
66%
51%
39%
12%
214

18%
64%
51%
39%
12%
211

0%
6%
8%
6%
7%
4%
36

95%
93%
90%
67%
35%
22%
458

95%
93%
90%
67%
38%
25%
464

6%
9%
4%
22

73%
81%
74%
259

75%
82%
75%
264

Propos a l
(a djus ted
flow ra te)
24%
69%
54%
44%
12%
232

Inundation of environmental assets

In addition to the above assessment of the impact of the proposal on the hydrology of the Mid
Murrumbidgee River, hydraulic analysis has also been undertaken using the MIKE 11 modelling

1

The colour shading on figures indicates whether the percentage of years wi h events has increased (green), decreased (beige) or
remained the same (grey) under the proposal relative to the benchmark.
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suite, to assess the change in inundation extent across the Mid Murrumbidgee Floodplain
Wetlands.
This MIKE 11 analysis examined the extent of inundation across 39 individual wetlands between
Yanco Weir and Hay, for flows in the Murrumbidgee River at Narrandera of 26,850 ML/d, 34,650
ML/d, 44,000 ML/d and 63,250 ML/d (i.e. the SFI flow rates). This analysis was undertaken for
the benchmark and proposed conditions. The compiled results, showing the relationship
between the total area of inundation / total area of wetland inundation against flow in the
Murrumbidgee River are provided in Figure 30.
Figure 30 demonstrates that the proposal provides a noticeable increase in the total area of
inundation for all SFIs – across the four SFI flow rates the proposal provides an average
increase in total inundated area of 14% relative to the benchmark.

Figure 30. Relationship between area inundated and flow in Murrumbidgee under benchmark and proposal

Another outcome from Figure 30 is that the change in the area of wetland inundation (i.e. rather
than total inundation) is most pronounced for the lower SFI flow rates. While the proposal
provides an average increase in total wetland inundation of 3% relative to the benchmark, the
percentage increase at 26,850 ML/d is almost double that at 7%.
This work confirms that the proposal not only increases the frequency of watering of the Mid
Murrumbidgee Floodplain Wetlands, but also provides and increased and improved extent of
inundation when watering does occur.

4.3 Fish passage
The current Yanco weir structure is a barrier to fish with a non-functional submerged fishway,
inability for fish to pass through the structure with flows less than approximately 25,000ML/d and
the presence of undershot gates impacting on fish larvae. The proposed new infrastructure will
improve fish passage overall around the structures.
The Murrumbidgee River and Yanco Creek support a valuable native fish community. The
recommended design philosophy for fish passage at Yanco Weir (Murrumbidgee River) and at
the proposed new Yanco Creek Weir is to provide fish passage at low and medium flow events
up to the drown-out level of the weir.
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In summary the major expected trends in fish movements are:
CATEGORY 1: Large-bodied native fish (Murray cod, Trout Cod and potentially freshwater
catfish):
•

Adult fish will move upstream and downstream in the Murrumbidgee River, mainly from
mid-winter to the end of spring and early summer.

•

Some adult fish will move between Yanco Creek and Murrumbidgee River with fish
entering in spring and leaving when water levels fall at the end of the irrigation season.
However, there is likely to be constant exchange of fish during spring and summer.
o

Fish will be strongly cued to move by rising or falling water levels (e.g. 150-200
mm/day).

o

More adult fish will move at medium and high flows, including floods

•

Larvae will be swept under Yanco Weir during spring/summer, where mortality rates will
be high (Baumgartner et al. 2006). Larvae will drift into Yanco Creek where there will
likely be a low level of recruitment.

•

Juveniles and sub-adults will likely move upstream and downstream at Yanco Weir in
spring and summer, some fish will also move in and out of Yanco Creek. Juvenile fish
will move at low, medium and high flows.

CATEGORY 2: Medium-bodied native fish (mainly golden perch and silver perch and possibly
bony herring)
•

Adult fish will migrate upstream and downstream in spring and summer and especially
during a river rise and flooding (Mallen-Cooper 1999).

•

Eggs and larvae will drift downstream in spring and summer where there is high mortality
associated with under-shot weir gate passage. Larvae will drift into Yanco Creek where
there will be little or no recruitment.

•

Juveniles migrate upstream, especially from mid/late-spring and summer though few
appear to actively enter Yanco Creek.

CATEGORY 3: Small-bodied native fish (mainly carp gudgeons, Australian smelt and MurrayDarling rainbowfish and unspecked hardyhead)
•

Adult fish will migrate in the Murrumbidgee River throughout spring and summer and toand-from Yanco Creek (see Stuart et al. 2008 for an example in the lower Murray River;
Lyon et al. 2010).

•

Larvae will drift under the Yanco Weir gates and into Yanco Creek.

•

Juveniles will likely inhabit and complete their life-histories in Yanco Creek.

CATEGORY 4: Non-native fish
•

Adult fish, particularly carp, will migrate in the Murrumbidgee River from spring to
autumn and use fishways (Jones and Stuart 2008). Some fish will also enter Yanco
Creek.

•

Larvae, particularly of carp, will enter Yanco Creek in spring and summer. Some larvae
will be spawned in Yanco Creek.

•

Juveniles will reside in Yanco Creek and grow to adults.

The objectives from this approach are therefore to:

66

Improved Flow Management Works at the Murrumbidgee River - Yanco Creek Offtake ‒ Business Case

•

Provide safe downstream passage of eggs, larvae, juvenile and adult fish.

•

Provide upstream passage of medium and large-bodied fish (60-1000 mm long;
Category 1 & 2) over a wide range of flows, including high flows.

•

Improve habitat connectivity for Category 1 & 2 fish that migrate at macro (100s km) and
meso (10s km) scales

The fishway design is based on fish biology and hydraulically caters for a variety of fish
behaviours and especially medium/large fish (Category 1 & 2) which require continuous
attraction flow and traditionally pass more efficiently through pool-type fishways than locks.
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5.2 Risk categories overview
The primary risks associated with this project can be grouped into economic, environmental
impact, governance and project management, modelling and heritage impacts. Table 11
presents an overview of the key risk areas.
Table 11. Overview of risk areas

Economic

Water is used for irrigation, stock and domestic
purposes which drives agricultural production. Impacts
on water supply may have an impact on agricultural
production and in turn economic impacts to
landholders.

Environmental impact

Environmental impacts can be broadly grouped into
impacts on the values (assets and functions) from
changes in hydrology, introduction of barriers to fish,
and impacts on the values through construction and
operation activities.

Governance and project
management

Governance and project management risk relates to
decision making, construction and operations
management and managing costs.

Modelling

The ecological benefits and SDL Adjustment
documented in this Business Case are a product of the
modelling.

Heritage impacts

Heritage impacts are largely relate to any heritage
classified assets and any physical impacts through
construction and ongoing management activities.

The risk management framework is applied to these risk categories in Table 12Table 12 and
further and more detailed discussion is provided in subsequent sections.
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5.3 Impact on diversions
The Yanco Creek system is an important irrigation asset. The system provides water to
stock and domestic users and irrigation businesses along its length. In all, the creek system
supports over 200 licensed water users and supplies water to 195,000 ML of licensed
entitlement.
According to WaterNSW figures in 2007, the following water entitlements were held on the
Yanco Creek system:
Category of Entitlement

Number of Licenses

Number of Entitlements

Local Water Utility

4

8,336

Domestic and Stock

152

5,008

High Security

10

1,054

General Security

173

152,521

Supplementary

77

27,853

Total

416

194,772

(Report: Jim Parrett, State Water, March 2007, Unpublished)
It is likely that the number of general security water entitlements is likely to have reduced by
some 20,000 to 30,000 entitlements as a result of recent environmental water buy backs
since 2007.
The community consultation identified that landholders were concerned that the construction
of the Yanco Creek regulator would impact on their ability to receive their water entitlement
for irrigation and stock and domestic. This issue would be considered the largest potential
third party impact.
To examine this issue, IQQM modelling of the proposal assessed the diversions in the
Murrumbidgee system under the benchmark and the proposal (Table 13). Results to date
show that the proposal results in an increase in total diversions for Yanco regulator
compared to the benchmark.
This issue may be completely mitigated by the development of operational rules to ensure
there is no detrimental impact to meeting agreed landholder water provision needs (volume
and timing). Given the degree of community concern, it is proposed that irrigation
landholders are involved in the initial agreement of operational rules for the regulator and
subsequently involved should the future management authority wish to modify the agreed
operational requirements.
The impact on town water supply has been raised however the operational rules will ensure
this issue is totally mitigated.
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Total

2075

2073

-2 (-0.1%)

There is a significant body of work undertaken on the Yanco Creek in regards to its
environmental flow needs and recommendations have been provided in the Yanco Creek
Environmental Flows study (Alluvium 2013)

5.4.1

Impact of the proposal on environmental flow performance in Yanco
Creek

Approach to assessing environmental flow performance
The influence of the proposal on the achievement of the environmental flow
recommendations in the Yanco Creek system was assessed against 99 years (1910-2009)
of modelled flows provided by NSW DPI Water. This 99 year period – which excluded the
first 15 years of modelled flows from 1895 to 1910 - was chosen to provide a consistent
reporting framework to that used when developing the environmental flow requirements for
the Yanco Creek system (Alluvium 2013).
The following environmental flow performance assessment examines the influence of the
proposal, relative to the benchmark, through consideration of three metrics:
•

Baseflow performance: assessed as a percentage of years that the environmental
flow recommendation is achieved (i.e. the recommended flow is equalled or
exceeded on every day in the year).

•

Number of fresh, bankfull and overbank events: expressed as the percentage of
years in the flow record that the recommended number of events is achieved

•

Duration of fresh, bankfull and overbank events: expressed as the percentage of
target events achieved that persist for the recommended duration.

These metrics are examined for each reach in the Yanco Creek system.
Summary of results
A detailed assessment of the influence of the proposal on environmental flow performance in
Yanco Creek is provided in Appendix 2. Appendix 2 provides temporal plots and summary
statistic on the achievement of each flow recommendation under the benchmark and
proposed conditions.
Those detailed findings for each flow recommendation in each reach are summarised at a
high level in Table 15 which identifies how the proposal affects the achievement of flow
recommendations relative to the benchmark. The following broad descriptions are used to
identify this change:
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•

Negligible change i.e. the frequency and duration of events under the proposal is
equal to, or similar to, the frequency and duration of events under the benchmark

•

Improved duration i.e. the proposal provides an increase in the percentage of target
events achieved that persist for the recommended duration

•

Improved (or reduced) frequency i.e. the proposal provides an increase (or decrease)
in percentage of years in the flow record that the recommended number of events is
achieved
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Table 15 identifies that at a broad level, while there are some fluctuations across the
reaches in the influence on specific flow events (e.g. some events improve in
frequency/duration while others reduce in frequency/duration), the proposal leads to little
discernible net change from the benchmark. As such, the proposal tends to maintain the
benchmark achievement of environmental flow events throughout the Yanco Creek system.
Of the events adversely affected, bankfull events are most notably affected in multiple
reaches of the Yanco Creek.
Table 15. High level summary of the influence of the proposal on environmental flow performance in
Yanco Creek
Reach Baseflows

Summer fresh

Winter fresh

Bankfull

Overbank

1

Negligible change

Negligible change

Negligible change

Negligible change
Negligible change
Reduced frequency

Negligible change

2

Negligible change

Negligible change

Improved frequency Reduced frequency
but reduced duration and duration

3

Negligible change

n/a

n/a

n/a

4a

Negligible change

Improved frequency
and duration

Negligible change

Reduced frequency but
Negligible change
improved duration

5

Negligible change

Negligible change

Reduced frequency

Reduced frequency

Negligible change

6

Negligible change

Negligible change

Negligible change

n/a

Negligible change

5.5 Creation of backwater
The creation of the backwater from the weir is a direct product of raising the weir and
increasing storage. The risks of this activity falls into three main categories of impact on
salinity, reducing the hydro-dynamically diverse flowing waterway (with emphasis of impact
on the lower parts of the inflow tributaries), and localised impacts on flora and fauna through
increased water ponding and a change in the water regime.
The impact on these three categories of risk is largely controlled by the period at which the
weir will be operated to produce higher backwater elevations than occurred under
benchmark conditions. Figure 31 quantifies this to some degree, by showing the percentage
of time the weir is expected to be held above a given water level under the proposal, based
upon long-term hydrological modelling of the proposal in IQQM, and proposed weir operation
(as described in Section 3.2.3).

79

Improved Flow Management Works at the Murrumbidgee River - Yanco Creek Offtake ‒ Business Case

Figure 31. Level duration curve, showing percentage of time the weir is expected to be held above a
given water level

The concern about impact on salinity was raised by Victoria, South Australia and the
Commonwealth. Large waterway systems are normally the discharge point not only for the
regional watertable aquifers (that are often saline) and also the underlying confined aquifers
by way of upward leakage. In a general sense these aquifers drain to the waterway where
the waterway would be classified as a discharge area.
Increasing the pondage of water through raising the weir level may mean the storage has a
sufficient head of pressure to act as a recharge zone and create a gradient of water moving
away from the river, which may result in rising of the saline watertable in adjacent areas and
creating a localised salinity problem.
A hydrogeological assessment has not been undertaken, however it is proposed that this
risk is quite low as the Business Case does not propose to significantly increase the
pondage permanently. An operational regime will be developed to optimise the system to
achieve the right balance between servicing the irrigation requirements and improving flows
to the mid Murrumbidgee wetlands.
Raising of Yanco Weirs by 2.5 m will create a larger weir pool (refer to Figure 24 in Section
3.2.3), inundating significant habitat for flow-dependent State and Federally listed species
(e.g. Trout and Murray Cod), thus potentially changing hydro-dynamically diverse flowing
waterways into static bodies of water that may favour exotic pest species such as carp.
The desktop flora and fauna review described native vegetation and Inland Grey Box
Woodland in the Riverina, NSW South Western Slopes, Cobar Peneplain, Nandewar and
Brigalow Belt South Bioregions (Inland Grey Box Woodland) (EPBC Act and TSC Act) that
occur upstream of the study area on banks of the Murrumbidgee River and its tributaries
may be impacted as a result of the increased inundation, through over watering. In turn,
fauna species that rely on these communities as habitat may also be impacted.
Again, a key issue is that the ponding is not a permanent outcome and the timing of the
ponding will be governed by the development of operational rules. Any impacts on fish need
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to consider the actually agreed operating rules and the broader net befits of allowing fish
passage for medium bodied fish in flows less than 2500 ML/d (current functional barrier).
The impact on changes to the hydrology as a result of the operating protocol adopted and
impact on fish (and other fauna) along with impacts of greater inundation of riparian flora has
not been quantified and does require further assessment in the detailed design. The level of
impact is primarily a result of the operating protocol that is implemented.

5.6 Blocking fish passage between the Murrumbidgee and Yanco
creek
Installation of a regulator between the Murrumbidgee and Yanco Creek will impact on fish
movement. The design solution provided in this Business Case provides passage for large
bodied fish (including juveniles which are >80 mm long) because these fish have declined
regionally. This approach was undertaken given large bodied fish need to complete
obligatory migrations to complete their lifecycle and these migrations can be over a large
spatial scale (e.g. 10s-100s of km) and these fish target flowing water for spawning.
In addition the operation of the regulator means the gates will not always be closed and
large bodied fish will be able to migrate through the structure when it is open.
Small bodied fish can complete their life cycle at a small spatial scale (hundreds of metres)
and they are habitat generalists. Small bodied fish (<60 mm long) are often less successful
using a long vertical slot fishway and are better suited to the use of a fish lock (which is not
so suitable for large bodied fish).
Small bodied fish may not be able to pass through the regulator when it is open due to
increased water velocities passing through the gates. It would be expected that there would
be increased mortality of small bodied fish as they attempt to disperse upstream and are
blocked by the structure and are then subject to predation by piscivorous birds and large
fish.
Generally small bodied fish do not need to migrate to complete their life cycle and the
installation of the regulator is a low risk of impacting on populations in the Yanco Creek.
Small bodied fish are also highly abundant. However, the science in regards to small bodied
fish is incomplete and there may be some impacts on some species which do require
upstream passage for life cycle reasons and there may be some intergeneration impacts.
The consideration to fish issues needs to be an on balance decision. The construction of the
Yanco Creek structure will likely impact on small bodied fish, but the structure on the
Murrumbidgee will remove a major fish barrier to migratory species.

5.7 Resolving operational rules
The business case presented is very much underpinned by the development of operational
rules for both regulation structures. These are not static structures, but managed to allow
flexibility in the delivery of water to meet multiple objectives.
Multiple objectives invariably means there are multiple interest groups who need to be
involved in the development of these rules. Table 16 provides an overview of the groups
and the key issues raised during the consultation period.
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In order to ensure an outcome it is proposed that the process is led by the NSW government
with the authority to make a final decision on the operational arrangements on behalf of all
NSW government bodies.
The only risk that is planned to be mitigated is the impact on movement of small bodied fish
upstream of weir structures as it is not possible to provide a satisfactory fish passage
suitable for all types of fish.
On the Murrumbidgee River there is currently no effective fish passage through a number of
key flow regulation structures for small bodied fish and the proposed changes do not alter
that status-quo. There is no net negative impact on small bodied fish in the Murrumbidgee
River from this proposal.
As per section 5.6, although it is a low risk, there is a negative effect on the common and
abundant small bodied fish in the Yanco Creek as the new regulator will limit their ability to
move upstream to the Murrumbidgee River. Despite migration not being required as an
obligatory part of their lifecycle, summer flows will trigger small bodied fish to travel upstream
and there would likely be greater mortality rates at the weir barrier. The presence of Yanco
Creek regulator also has the potential to reduce passage for large fish as no fishway is
100% effective.

83

Improved Flow Management Works at the Murrumbidgee River - Yanco Creek Offtake ‒ Business Case

6 Technical feasibility and fitness for purpose
6.1 Options assessment
A range of alternative options have been considered and excluded from the design. They are
summarised below:

No increase in weir pool level
Whilst this approach was significantly cheaper there were impacts on the ability to meet
environmental flow targets in the Yanco Creek system.
The cost for installing a regulator and fishway at Yanco Creek, upgrading the existing Yanco
regulator for overshot discharge, and provision of a fishway on the Murrumbidgee River was
estimated at
.
We also looked at a ‘minimum cost’ option that did not include any works on the
Murrumbidgee River, but just installed a new regulator and fishway on Yanco Creek. This
cost was
.
Because of the requirement to demonstrate no net impact on affected systems this approach
has not been taken up.

Upgrading existing gated Yanco regulator and raising existing (older) fixed crest
Yanco Weir
Raising the existing Yanco weir to accommodate increased weir pool level has a large
impact on the capacity to deliver flows through the existing regulator. Thus the existing
regulator needs to be supplemented by additional gates to achieve a greater discharge
capacity.
The additional gates can be provided adjacent to the existing regulator gates, or built into the
current Yanco fixed weir site. The former proposal is limited by the available space and
dimensions of the waterway at the existing regulator site, while the second option creates an
issue for fish passage if discharge is from two competing branches of the waterway.
The existing Yanco Regulator would need to be upgraded with larger gates to accommodate
the increased weir pool. However the existing hoist system and the gate track wheel system,
do not have the capacity for larger, heavier gates.
There is a heavy emphasis on providing for downstream fish passage at this site. This
means that the type of gate needs to be changed, or a second gate operated with it as a
‘split-leaf’ type gate. The nature of the seals and wheel mountings, as well as the slots in the
support piers mean that it would be difficult to marry a second leaf and achieve a satisfactory
seal.
The gates could be extended, but the hoist bridge would need to be raised to allow the gates
to be lifted clear of the flood level. Alternatively the gate sill can be raised to cover part, or
all, of the weir pool increase in level. However this further decreases the capacity of the
regulators and adds to the supplementary capacity that will be required.
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Further the analysis of the existing structure indicates that any weir pool increase of more
than 1m will affect the structural stability of the structure. This means that substantial
upgrade works will be required to restore stability under the higher hydraulic loads.
We looked at the costs associated with raising the weir pool by 1m or 2m rather than the
2.5m that has been adopted (Figure 32).

6.2 Ecological considerations associated with works site
A desktop EIA was undertaken to identify any impacts on this proposal. The complete report
is provided in Appendix 3.

6.2.1

Threatened flora and RoTAP

The desktop research identified four threatened flora and/or RoTAP species as occurring
within 10 km of the study area (the search area). Only one species (Diuris tricolor) was
found to have a medium or high likelihood of occurrence in study area. A number of species
are not listed on the EPBC Act or TSC Act but were identified as rare RoTAP species that
occur in the broader search area. This includes; Small-flower Goodenia Goodenia
pusilliflora, Green Honey Myrtle Melaleuca diosmifolia and Caladenia rileyi.

6.2.2

Threatened fauna

The desktop research identified a range of threatened fauna (including aquatic threatened
fauna) as occurring within 10 km of the study area (the search area).
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Table 17
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Table 17 presents threatened fauna with a medium to high likelihood of occurrence in the
study area and search area.
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Ecological Communities listed under the FM Act were determined from the NSW DPI listings
(DPI 2007). The Threatened Ecological Communities with a medium or high likelihood of
occurrence was the Lower Murray River aquatic ecological community.

6.3 Heritage considerations associated with works site
6.3.1

Cultural heritage

A desktop heritage assessment was undertaken at this site. The Office of Environment and
Heritage (OEH) maintains a database of Aboriginal sites within NSW under Part 6 of the
NSW National Parks and Wildlife Act 1974. Aboriginal objects and places in NSW are legally
required to be registered on the Aboriginal Heritage Information Management System
(AHIMS) register.
A search of the NSW Office of Environment and Heritage (OEH) Aboriginal Heritage
Information Management System (AHIMS) was conducted on the 15 May 2015 (ID173344).
The search area covered a 5 km search area centred on the study area. No Aboriginal
archaeological sites listed on AHIMS are currently within the study area or the 5 km radius.
The study area covers the river flats to a distance of approximately 250 m from the
Murrumbidgee River. To the south of the River the study area also contains Yanco Creek
and associated creek flats. Both of these landforms are considered to be sensitive landforms
and require further investigation under the Due Diligence Code.
The potential for unidentified aboriginal sites to be present in these landforms is considered
to be moderate to high based on the distribution of sites in the wider region of the Riverine
lowlands and previous site distribution models developed by previous researchers (OzArk
2009, NOHC 2004,Edmonds 2001, Wood 1992 (a and b)). Previous assessments have also
shown that specific areas of impact may occur in areas with lower potential due to previous
disturbance or minor topographic features (OzArk 2009).
Wider plains and gently sloping areas are considered to hold low potential for Aboriginal
sites to occur as they are a distance from resources and have been subject to previous
disturbance.
Sections of the study area appear, based on aerial photography to have suffered from high
levels of previous disturbance associated with the construction of irrigation weirs, access
roads and associated tree and vegetation removal. Undisturbed areas of dense tree cover
are present along the southern bank of the Murrumbidgee and along Yanco Creek. The
disturbance may have impacted and or removed heritage sites but the potential for them to
occur, albeit in a disturbed context is considered to be moderate. Within undisturbed areas
the potential for sites to occur is considered also to be moderate.
No known Aboriginal objects or places have the potential to be impacted by the proposed
works. Additionally the proposed works will take place within a landform considered sensitive
and holding moderate potential for unrecorded sites to be present.

6.3.2

Historical significance

Relevant heritage register searches were completed. These searches resulted in the
identification of one heritage place (Yanco Weir) being present within the study area and two
additional sites being located in the vicinity but outside the zone of impact. The Yanco weir
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is listed on the NSW Heritage Register and WaterNSW’s s 170 register. The project
contains two historical items (Yanco Weir and McCaugheys Irrigation area) on Leeton LEP.
The creek systems and surrounds have been previously assessed for their heritage values
with listing to various State, local and agency registers. The area would appear not to have
been subject to a systematic or thorough survey for historical heritage items, but that known
items have been registered on local LEPs. The area does contain low potential for further
unidentified heritage sites associated with the early irrigation or settlement of the area but in
relation to the known heritage items any further items would most probably be of low and
local significance only.
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7

Stakeholders

7.1 Overview
A Stakeholder Management Strategy (or communication plan) guided engagement and
communication activities for the project. An overview of the key components of the strategy
and the outcomes from the business case development phase is provided in the following
sections.
Agencies and stakeholder representative groups materially affected by the proposal have
been consulted in the development of this business case. These groups include:

•

Murray-Darling Basin Authority

•

WaterNSW

•

NSW DPI Water

•

Office of Environment and Heritage (NSW)

•

NSW Parks and Wildlife

•

NSW Fisheries

•

Department of Environment (Commonwealth)

•

Commonwealth Environmental Water Office

•

YACTAC – Yanco Creeks and Tributaries Advisory Council

•

Murrumbidgee Customer Service Committee

•

Local Land Services

•

Environmental Watering Advisory Groups

A workshop was held on 13 May 2015 (at Hume Dam, Albury) and representatives of the
state and Commonwealth agencies were invited to attend. The workshop attendees
identified the potential risks of this proposal and interested stakeholder groups. Minutes of
the workshop are provided in Appendix 5 of this business case.
Following this workshop, targeted discussions with all other interest groups listed were
undertaken. The purpose of these discussions was to identify the potential risks and
concerns regarding the proposal. Issues raised during consultation (where appropriate) have
been addressed in this business case (refer Section 5).
Due to the timeframe for the development of this business case, WaterNSW has not
engaged with all individual landholders one-on-one, rather they have targeted interest
groups that represent the broader community views (such as YACTAC, Murrumbidgee CSC,
Local Land Services, and EWAG). Further engagement is proposed in the next stages of
the project.
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7.2 Stakeholder map
Table 18Table 18 lists the interested stakeholders with an interest in this proposal.
Engagement with all stakeholders listed has been initiated and a commitment provided to
continue engagement beyond the submission of this business case.
Table 18. Map of agencies, groups and individual stakeholders with an interest in the SDL adjustment
proposal, including their interface with proposal and areas of concern

Stakeholder

Role /
responsibility

Interface with
the proposal

Areas of concern

Awareness of
proposal

Murray-Darling
Basin Authority

Operations
planning

Influence of
constraints in
Murrumbidgee

Achievement of
ecological
outcomes

Consulted in
development of
business case

Constraints
management

Interaction with
CMS

Hydrological
modelling
Water policy
NSW DPI Water

WaterNSW

Water
policy/planning and
water resource
allocation

Water resource
manager

Local water
delivery and
operations

Water manager

Impacts on NSW
water users and
riparian
communities

Proponent of
business case

Impacts to
WaterNSW
customers

Proponent of
business case

Changes to
system operations
Office of
Environment and
Heritage (NSW)

NSW
Environmental
policy/planning

Environmental
water planning
and delivery

Achievement of
ecological
outcomes

Co-sponsor of
proposal

Co-sponsor of
proposal
Consulted in
development of
business case

Interface with
other
environmental
water use
Department of
Environment
(Commonwealth)

Commonwealth
Environmental Water
Office

Department of
Environment, Water
and Natural
Resources (South
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Support
management of
Commonwealth
environmental
water portfolio

Environmental
water planning

Management of
Commonwealth
environmental
water portfolio

Environmental
water planning

Management of
water and
environment (South

Water planning

Achievement of
ecological
outcomes

Consulted in
development of
business case

Interface with
other
environmental
water use

Interaction with
entitlement
portfolio

Downstream
water user

Achievement of
ecological
outcomes

Consulted in
development of
business case

Interface with
other
environmental
water use
Implications of
proposal on
downstream
assets and water

Aware of
proposal

Improved Flow Management Works at the Murrumbidgee River - Yanco Creek Offtake ‒ Business Case

Stakeholder

Role /
responsibility

Australia)

Australia)

Murray Local Land
Services

Catchment
manager – Murray
catchment NSW

Catchment
management

Interface with land
assets

Consulted in
development of
business case

NSW Parks and
Wildlife Services

Mid Murrumbidgee
wetlands land
manager (NSW)

Land manager

Site management
implications
Achievement of
ecological
outcomes

Consulted in
development of
business case

Fisheries NSW

Fishery stock
manager

Referral
authority for
infrastructure
upgrade

Creation of
backwater

Consulted in
development of
business case

Representative
of creek system
users

Water supply to
Yanco Billabong
system

Yanco Creeks and
Tributaries Advisory
Council

Local advocate of
the
Yanco/Billabong
system

Interface with
the proposal

Areas of concern

Awareness of
proposal

supply (quantity
and quality)

Reduction in fish
passage, habitat
and hydrodynamic
diversity

Consulted in
development of
business case

Impacts on
environmental
condition
Flow share
management

Murrumbidgee
Customer Service
Committee

1.1

WaterNSW
customer
committee

Representative
of water users

Flow share
management
Water supply to
Yanco Billabong
system

Consulted in
development of
business case

Feedback on consultation outcomes

The following list outlines the outcome of stakeholder consultation undertaken during the
development of this business case. All concerns raised during consultation have been
addressed in Section 5 of this business case.

Murrumbidgee Customer Service Committee: The Murrumbidgee CSC supported the
improvements to water supply level of service to customers through modifications to Yanco
weir and Yanco regulator. Representatives expressed concern regarding the impact of the
proposed structures on supplementary water access and Yanco Creek system.
YACTAC: YACTAC expressed concern about the potential impacts of any exercise that
sought to close down the Yanco Creek and re-establish ‘natural flows’ (i.e. periods of cease
to flow). During consultation there was acknowledgement by YACTAC that the intent of the
current proposal was not to return the Yanco Creek to a ‘natural’ flow regime. However,
there was unease regarding installation and future management of a structure with the ability
to ‘shut off’ the creek system from the Murrumbidgee (especially during times of prolonged
low flow).
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Support from YACTAC for the proposal was not forthcoming at this stage of development.
Engagement with YACTAC in future project stages (if this supply measure proceeds) is
essential to address their water supply concerns adequately. These concerns may be
alleviated through the development and implementation of operational rules for Yanco Creek
offtake, and/or the formalisation of the temporary diversion channel around Yanco Creek
Regulator to provide a permanent source of water to the system.

Local Land Services: LLS supported engagement of local community representatives in the
development of any proposed changes and emphasised the values of any future
environmental flow regime.
NSW Fisheries: Fisheries expressed concern regarding the increase in backwater from the
proposed Yanco Weir modification, resulting in a reduction in flowing habitat and
hydrodynamic diversity in the Murrumbidgee. They also expressed concern regarding the
installation of a barrier to fish passage at the Yanco Creek offtake. Consultation with
Fisheries has occurred throughout the development of this business case and the potential
negative impacts on fish populations have been minimised through adoption of industry best
practice for the proposed works.
Office of Environment and Heritage: OEH in the role of environmental water manager was
generally supportive of being able to achieve more efficient watering of the mid
Murrumbidgee wetlands. However, OEH expressed concern that this outcome for the mid
Murrumbidgee wetlands should not come at the cost of the ecological outcomes of wetlands
on the Yanco Creek system. They also expressed a desire for the structures to be operated
‘transparently’, maintaining currently flow variability in both the Murrumbidgee and Yanco
system. The operating rules proposed in this business case have been developed to meet
these requirements and address their concerns.
NSW Parks and Wildlife Services: As the Mid Murrumbidgee wetlands land manager,
NSW Parks and Wildlife Services were supportive of the proposed improvement in watering
outcomes for the mid-Murrumbidgee wetlands.
CEWO: The Commonwealth Environmental Water Office was supportive of improvements to
delivery efficiency to the Mid Murrumbidgee wetlands, providing no detrimental impact to
ecological condition of Yanco Creek system.

7.3 Further consultation plans
7.3.1

Project stages

Four project phases have been identified for the project’s engagement with stakeholders.
These are:

•

94

Stage 1: SDL adjustment proposal development

–

Phase 1:Preliminary development and documentation

–

Phase 2: Conceptual design and documentation

–

Phase 3: Functional design and documentation

•

Stage 2: Approvals and detailed design

•

Stage 3: Construction
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•

Riverland

south-west the study area.

An assessment of potentially significant impacts on threatened or migratory species,
ecological communities or Ramsar wetlands cannot be undertaken until the infrastructure
modernisation project has been refined and thus the implications for the relevant Matters of
NES identified and assessed accordingly. A Significant Impact Criteria assessment can then
be undertaken for those MNES likely to be impacted by the project.

8.2.2

State

8.2.2.1 Environmental Planning and Assessment Act 1979
The Environmental Planning and Assessment Act 1979 (EP&A Act) was enacted to
encourage the proper consideration and management of impacts of proposed development
or land-use changes on the environment (both natural and built) and the community. The Act
is administered by the NSW Department of Planning. WaterNSW are deemed a determining
authority of the EP&A Act under Section 110 of the Act and is has been assumed that the
proposal would be assessed under Part 5 of the Act. As such under Section 111 of the Act
the determining authority has a duty to consider the environmental impacts of an activity and
is required to “take into account to the fullest extent possible all matters affecting or likely to
affect the environment” arising from the proposal. WaterNSW would be required to prepare a
Review of Environmental Factors (REF) if impacts to the environment are not considered
significant.
Sections of the EP&A Act of primary relevance to the natural environment are considered
further below in relation to the current proposal.

Assessment of Significance (Section 5A)
Section 5A of the EP&A Act requires proponents and consent authorities to consider if a
development will have a significant effect on threatened biota listed under the TSC Act and
FM Act. Section 5A (and Section 9A of the TSC Act) outlines seven factors that must be
taken into account in an Assessment of Significance (formally known as the “7-part test”).
Where any Assessment of Significance (AoS) determines that a development will result in a
significant effect to a threatened biota, a Species Impact Statement (SIS) is required.
The proposed works would alter the hydrological regime of the study area as well as further
upstream, which may result in changes to the composition and structure of ecological
communities including native vegetation communities and Inland Grey Box Woodland
(EPBC Act and TSC Act). The aim of SDL projects is to increase the amount of water
available for maintaining and improving ecological values, however overwatering of native
vegetation communities and TECs may result in a decline in the quality or extent of these
threatened ecological communities.
The need for assessments of significance should be identified during future ecological
assessments once the study area has been determined. Refinement of the scope of works
within the proposed study area is fundamental to the determination of the impact of
significant effects arising from the works. Assessments of significance are not within the
scope of the current constraints assessment.

8.2.2.2 Threatened Species Conservation Act 1995
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The TSC Act provides for the protection and conservation of biodiversity in NSW through the
listing of threatened biota; key threatening processes; and critical habitat for threatened
biota.
Native vegetation within the study area may contain threatened biota, or habitat for them.
Impacts to the threatened biota must be assessed through the AoS process under Section
5A of the EP&A Act.
Habitat critical to the survival of an endangered or critically endangered species, population
or ecological community can be identified under the TSC Act and listed on the Register of
Critical Habitat kept by the OEH.
Refinement of the project requirements needs to be undertaken to determine if any areas of
critical habitat may be subject to impacts associated with the proposal.
A licence to harm/pick/damage habitat of a threatened species, population or community or
damage critical habitat is unlikely to be required; however the completion of an AoS for each
relevant species or ecological community would support the project approval documentation.

8.2.2.3 State Environmental Planning Policies (Part 3 Division 2)
State Environmental Planning Policies (SEPPs) outline policy objectives relevant to state
wide issues. A number of SEPPs are likely to be relevant to the current project and would be
identified once the final design is determined.

8.2.2.4 Fisheries Management Act 1994
The FM Act provides for the protection and conservation of aquatic species and their habitat
through NSW. Impacts to threatened biota listed under the FM Act must be assessed
through the AoS process under Section 5A of the EP&A Act.
SDL projects are considered to generally benefit native fish species. Provided Fisheries
NSW is consulted in regards to the project and appropriate fish passage and flow
requirements can be incorporated into the project a permit would not be required.
The proponent for the project will be WaterNSW. As a public authority, the proposal would
be permissible without development consent and would be assessed under Part 5 of the
EP&A Act (Figure 34).
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Yes

No

Figure 34. Approvals pathway under Part 5 of the EP&A Act 1979 (GHD 2014b)

The statutory approvals for the project are considered straight-forward for environmental
works projects. The construction components will require assessments, consents and
approvals – which can take time. This would include a study to assess the potential impacts
of the proposal on threatened species and endangered ecological communities listed under
the Threatened Species Conservation Act 1995, Fisheries Management Act 1994 and EPBC
Act 1999. It is anticipated that the proposed works are consistent with legislation outcomes
and so should pass without undue delays.

8.3 Heritage constraints
The principal means to reduce impacts on heritage values within the study area will be to
minimise removal of vegetation and soil in the vicinity of the Murrumbidgee River frontage or
areas adjacent to creek systems. As this is not viable in the context of the planned proposals
then further assessments will be required to meet the requirements of heritage legislation.
Refinement of the project plans with a defined area of construction impact will be required to
determine the impacts of the project on heritage values. The key heritage constraints for the
study area are:
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•

The Project contains no AHIMS sites, but river and creek frontages are considered
sensitive.

•

The Project contains one historical item (Yanco Weir) on NSW Heritage Register and
WaterNSW s170 register

•

The Project contains two historical items (Yanco Weir and McCaugheys Irrigation
area) on Leeton LEP.
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The work described in this report cannot proceed without further assessment as the potential
of locating Aboriginal sites during the proposed works is assessed as moderate to high. The
heritage values of these areas of potential may be at risk of impact from the proposed works.
It is recommended that when works are finalised, the works area be subject to further
assessment in accordance with the Code of Practice for the archaeological investigation of
Aboriginal Objects in New South Wales (OEH 2010).
Listed Heritage items are located within the Study area and will be impacted by the proposed
works. Further investigations will be required when works are finalised to determine the
impacts on any known historical heritage item. For state listed items a Statement of Heritage
Impacts will be required under the NSW Heritage Act 1977 if works are in the immediate
vicinity.
All Aboriginal places and objects are protected under the NPW Act. This protection extends
to Aboriginal objects and places that have not been identified but might be unearthed during
construction. The following contingency plan describes the actions that must be taken in
instances where Aboriginal cultural material any such discovery at the study area must
follow these steps:
1. Discovery: Should unanticipated Aboriginal cultural material be identified during
any works, works must cease in the vicinity of the find.
2. Notification: OEH must be notified of the find.
3. Management: In consultation with OEH, the Local Aboriginal Land Council and a
qualified archaeologist, a management strategy should be developed to manage
the identified Aboriginal cultural material. This may include the requirement to
apply for an Aboriginal Heritage Impact Permit.
4. Recording: The find will be recorded in accordance with the requirements of the
National Parks and Wildlife Act 1974 and OEH guidelines.
The following contingency plan describes the actions that must be taken in instances where
human remains or suspected human remains are discovered. Any such discovery at the
study area must follow these steps:
1. Discovery: If suspected human remains are discovered all activity in the vicinity of
the human remains must stop to ensure minimal damage is caused to the
remains, and the remains must be left in place, and protected from harm or
damage.
2. Notification: Once suspected human skeletal remains have been found, the
Coroner’s Office and the NSW Police must be notified immediately. Following
this, the find must be reported to OEH and it is recommended that it is also
reported to the Local Aboriginal Land Council.
3. Management: If the human remains are of Aboriginal ancestral origin an
appropriate management strategy will be developed in consultation with
Aboriginal Stakeholders and OEH.
4. Recording: The find will be recorded in accordance with the requirements of the
National Parks and Wildlife Act 1974 and OEH guidelines.
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8.4

Legislative and policy amendments and inter-jurisdictional
agreements

The current weir pool management terms are included within the water supply works
approval. The revised operating rules would require a new works approval to be issued by
NSW DPI Water.
Detailed procedures and manuals will need to be updated to reflect the approved rule
change. It is expected that these changes will fall within the delegated authority of NSW DPI
Water senior officers.
It is not anticipated that there would be any significant legal or regulatory approval barriers to
implementation of the proposed supply measures on the Yanco Creek.

8.5 Governance and project management
8.5.1

Governance arrangements during business case development

Responsibility for the business case development lies with the NSW DPI Water on behalf of
the Sustainable Diversion Limit Adjustment Assessment Committee (SDLAAC).
Development of the business case has involved close liaison with interested parties
including:

•

WaterNSW, as the project proponent and the owner of the relevant assets

•

NSW DPI Water

•

NSW agencies, including NSW Fisheries, NSW Office of Environment and Heritage,
NSW National Parks and Wildlife Service and the NSW DPI Water

•

YACTAC and the Murrumbidgee Customer Service Committee – the primary interested
parties in the Yanco regulator and weir pool adjustment initiatives

8.5.2

Governance arrangements during project implementation

The two primary players are NSW DPI Water as the project co-proponent, WaterNSW as the
co-proponent, owner and manager of the assets. These partners have a proven track-record
of effective project development and implementation.

8.6 Monitoring and evaluation
The effectiveness of the proposed supply measure and its operation will be monitored and
reported on through WaterNSW’s monitoring, evaluation and reporting (MER) strategies and
protocols. . These strategies and protocols aim to:

•

Establish a robust program logic to define the correlation between works and other inputs
and identified outputs and ecosystem outcomes. This provides the basis for a suite of
KPIs that are relevant to the specific site

•

Monitor progress against those KPIs on a regular basis

•

Evaluate the implications of the results for the operational parameters of the scheme,
and

•

Amend and adjust the operational arrangements to optimise performance and outcomes.
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Monitoring data is required to plan weir pool raising and lowering regimes, to manage risks
and to refine ecological objectives. The evaluation process involves analysing collected data
and improving operations.
A suitable MER approach will be formalised once funding for the supply measure has been
confirmed.
The final MER approach for this supply measure will be informed by broader
intergovernmental arrangements for Basin-wide monitoring and evaluation under the Basin
Plan. This measure is expected to contribute to the achievement of outcomes under two key
Chapters of the Plan, namely: (i) under Chapter 8, the delivery of ecological outcomes and
(ii) under Chapter 10, meeting the relevant sustainable diversion limit/s (SDLs), which must
be complied with under the state’s relevant water resource plan/s (WRPs) from 1 July 2019.
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Appendix 2
Yanco Creek environmental flow achievement under
proposed conditions
Reach 1 results
Baseflows
The achievement of the baseflow recommendations for Reach 1 under the benchmark,
current and pre-development flow regimes (Table 23Table 23) indicates that while the
baseflow recommendation was rarely achieved prior to river regulation, it is achieved all the
time under the benchmark and proposed management arrangements. The proposal does
not affect the ability to provide baseflow recommendations.
Table 23. Reach 1 – Achievement of baseflow recommendations under benchmark and proposed
conditions

Period

Pre-development (percent of years)

Benchmark
(percent of years)

Proposed (percent of years)

Jan-Apr (lower flow season)

1%

100%

100%

May-Dec (higher flow season)

6%

100%

100%

Fresh, bankfull and overbank events
Figure 35Figure 35 shows the number of events that occur in each year (during the
specified flow period) for each fresh, bankfull or overbank flow recommendation; Figure
36Figure 36 shows the duration of each event (fresh, bankfull or overbank) for all years.
These results are provided for both the benchmark (shown as bars) and proposed (shown
as shaded area) conditions - the recommended number and duration of events is also
shown as a red line on the graphs. The number and duration of these events over the entire
period is also summarised all in Table 24Table 24 and Table 25Table 25.
Figure 35Figure 35 and Table 24Table 24 show overall moderate compliance under the
benchmark flow regime with the recommended number of environmental flow freshes - the
recommended number of freshes are achieved in 44% – 59% of years. Bankfull and
overbank events are achieved more frequently under the benchmark, at 82% to 100% of
target years respectively. Under the proposal, the number of freshes, bankfull and overbank
events are maintained.
Figure 36Figure 36 and Table 25Table 25 show that the duration of the freshes, bankfull and
overbank events is very often in accordance with the environmental flow recommendations
under both the benchmark and proposed flow regime - these events exceed the
recommended duration for 85-100% of events.
The proposal therefore retains the ability to provide freshes, bankfull and overbank flows at
the duration and frequency found under the benchmark.

Figure 35. Reach 1 – Number of events achieved each year
Table 24. Reach 1 – Percentage of years in the flow record that the recommended number of events is
achieved
Event

Benchmark (percent of years)

Proposed (percent of years)

Fresh 450 ML/d (target 2 events / period)

59%

56%

Fresh 600 ML/d (target 2 events / period)

44%

40%

Bankfull 1500 ML/d (target 1 event / period)

82%

76%

Overbank 2500 ML/d (target 1 event every second year)

>100% of target years

>100% of target years

Figure 36. Reach 1 – Total duration of flows above recommended rate each year
Table 25. Reach 1 – Percentage of target events achieved that persist for the recommended duration
Event

Benchmark (percent of events)

Proposed (percent of events)

Fresh 450 ML/d (target 1 day duration)

100%

100%

Event

Benchmark (percent of events)

Proposed (percent of events)

Fresh 600 ML/d (target 14 day duration)

85%

86%

Bankfull 1500 ML/d (target 2 day duration)

98%

99%

Overbank 2500 ML/d (target 2 day duration)

92%

97%

Reach 2 results
Baseflows
The achievement of the baseflow recommendations for Reach 2 under the benchmark,
current and pre-development flow regimes (Table 26Table 26) indicates that while the
baseflow recommendation was rarely achieved prior to river regulation, it is achieved more
than half the time under the benchmark and proposed management arrangements. The
proposal does not affect the ability to provide baseflow recommendations.
Table 26. Reach 2 – Achievement of baseflow recommendations under benchmark and proposed
conditions

Period

Pre-development (percent of years)

Benchmark
(percent of years)

Proposed (percent of years)

Jan-Apr (lower flow season)

1%

54%

56%

May-Dec (higher flow season)

6%

76%

76%

Fresh, bankfull and overbank events
Figure 37Figure 37 shows the number of events that occur in each year (during the
specified flow period) for each fresh, bankfull or overbank flow recommendation; Figure
37Figure 37 shows the duration of each event (fresh, bankfull or overbank) for all years.
These results are provided for both the benchmark (shown as bars) and proposed (shown
as shaded area) conditions - the recommended number and duration of events is also
shown as a red line on the graphs. The number and duration of these events over the entire
period is also summarised all in Table 27Table 27 and Table 28Table 28.
Figure 38Figure 38 and Table 27Table 27 show overall moderate to good compliance under
the benchmark flow regime with the recommended number of 350 ML/d freshes, bankfull
and overbank events. The frequency of the 250 ML/d fresh is much less than desired, only
being fully achieved in 7% of years. The proposal retains much the same frequency of these
events, with the exception of a major improvement in the frequency of the 350 ML/d fresh,
but a slight decline in the frequency of bankfull events.
Figure 38Figure 38 and Table 28Table 28 show that the duration of the 250 ML/d fresh,
bankfull and overbank events is very often in accordance with the environmental flow
recommendations under both the benchmark and proposed flow regime - these events
exceed the recommended duration for 84-100% of events. The compliance of the duration
of the 350 ML/d fresh is lower, and under the benchmark, the required 14 day duration of
the 350 ML/d fresh only occurs in 65% of events. The proposal results in a further decline in
event duration, to provide the required duration for 52% of events. Bankfull events also
experience a slightly reduced frequency under the proposal.
The proposal therefore retains the ability to provide freshes and overbank events at a similar
frequency and duration to that occurring under the benchmark. The proposal also provides
a vast improvement in the frequency of the 350 ML/d fresh, but the duration of 350 ML/d

freshes declines by about 13%. The proposal also has a slight adverse impact on the
frequency and duration of the bankfull event.

Figure 37. Reach 2 – Number of events achieved each year
Table 27. Reach 2 – Percentage of years in the flow record that the recommended number of events is
achieved
Event

Benchmark (percent of years)

Proposed (percent of years)

Fresh 250 ML/d (target 3 events / period)

7%

7%

Fresh 350 ML/d (target 2 events / period)

55%

79%

Bankfull 800 ML/d (target 1 event / period)

73%

66%

Overbank 1000 ML/d (target 1 event every third year)

>100% of target years

>100% of target years

Figure 38. Reach 2 – Total duration of flows above recommended rate each year

Table 28. Reach 2 – Percentage of target events achieved that persist for the recommended duration
Event

Benchmark (percent of events)

Proposed (percent of events)

Fresh 250 ML/d (target 1 day duration)

100%

100%

Fresh 350 ML/d (target 14 day duration)

65%

52%

Bankfull 800 ML/d (target 2 day duration)

94%

84%

Overbank 1000 ML/d (target 2 day duration)

94%

95%

Reach 3 results
Baseflows
The achievement of the baseflow recommendations for Reach 3 under the benchmark,
current and pre-development flow regimes (Table 29Table 29) indicates that while the
baseflow recommendation was rarely achieved prior to river regulation, it is always achieved
under the benchmark and proposed management arrangements. The proposal does not
affect the ability to provide baseflow recommendations.
Table 29. Reach 3 – Achievement of baseflow recommendations under benchmark and proposed
conditions

Period

Pre-development (percent of years)

Benchmark
(percent of years)

Proposed (percent of years)

Sept-May (55 ML/d)

4%

100%

100%

Sept-May (105 ML/d)

4%

100%

100%

Overbank events
Note, this reach has no recommended fresh or bankfull events, so the following analysis is
based on the overbank flow recommendation only.
Figure 39Figure 39 shows the number of events that occur in each year (during the
specified flow period) for the overbank flow recommendation; Figure 40Figure 40 shows the
duration of each overbank event for all years. These results are provided for both the
benchmark (shown as bars) and proposed (shown as shaded area) conditions - the
recommended number and duration of events is also shown as a red line on the graphs.
The number and duration of these events over the entire period is also summarised all in
Table 30Table 30 and Table 31Table 31.
Figure 39Figure 39 and Table 30Table 30 show overall good compliance under the
benchmark flow regime with the recommended number of overbank events, with it occurring
in 80% of target years. However, the proposal results in an overall decrease in the number
of overbank events that occur in this reach, from 80% to 60% of target years.
Figure 40Figure 40 and Table 31Table 31 show that the duration of the overbank events is
very often in accordance with the environmental flow recommendations under both the
benchmark and proposed flow regime – there is a slight improvement under the proposal.
The proposal therefore maintains the ability to provide overbank events at the target
duration, but does result in an overall decrease in the number of overbank events that occur
in this reach.

Figure 39. Reach 3 – Number of events achieved each year
Table 30. Reach 3 – Percentage of years in the flow record that the recommended number of events is
achieved
Event

Benchmark (percent of years)

Proposed (percent of years)

Overbank 1600 ML/d (target 2 events every ten years)

80% of target years

60% of target years

Figure 40. Reach 3 – Total duration of flows above recommended rate each year
Table 31. Reach 3 – Percentage of target events achieved that persist for the recommended duration
Event

Benchmark (percent of events)

Proposed (percent of events)

Overbank 6000 ML/d (target 4 day duration)

84%

85%

Reach 4a results
Baseflows
The achievement of the baseflow recommendations for Reach 4a under the benchmark,
current and pre-development flow regimes (Table 32Table 32) indicates that while the
baseflow recommendation was rarely achieved prior to river regulation, it is achieved 67100% of the time under the benchmark management arrangements. The frequency of
success is retained under the proposal. The proposal does not affect the ability to provide
baseflow recommendations.
Table 32. Reach 4a – Achievement of baseflow recommendations under benchmark and proposed
conditions

Period

Pre-development (percent of years)

Benchmark
(percent of years)

Proposed (percent of years)

Sept-Apr (lower flow season)

4%

100%

100%

May-Aug (higher flow season)

7%

67%

67%

Fresh, bankfull and overbank events
Figure 41Figure 41 shows the number of events that occur in each year (during the
specified flow period) for each fresh, bankfull or overbank flow recommendation; Figure
42Figure 42 shows the duration of each event (fresh, bankfull or overbank) for all years.
These results are provided for both the benchmark (shown as bars) and proposed (shown
as shaded area) conditions - the recommended number and duration of events is also
shown as a red line on the graphs. The number and duration of these events over the entire
period is also summarised all in Table 33Table 33 and Table 34Table 34.
Figure 41Figure 41 and Table 33Table 33 show overall poor compliance with the frequency
of freshes of 250 ML/d and 300 ML/d under the benchmark flow regime, but much better
compliance with the recommended number of 700 ML/d freshes, bankfull and overbank
events. The frequency of these three larger events under the benchmark varies from 88% to
more than 100% of target years. The proposal largely retains the frequency of fresh and
overbank events, although does result in a slightly reduced frequency of the bankfull event.
Figure 42Figure 42 and Table 34Table 34 show the duration of the fresh and overbank
events are largely retained under the proposal, but there is an increase in the duration of
bankfull events.
The proposal therefore retains the frequency and duration of the freshes and overbank
events, while the bankfull event sees a slight decrease in frequency but an increase in
duration.

Figure 41. Reach 4a – Number of events achieved each year
Table 33. Reach 4a – Percentage of years in the flow record that the recommended number of events is
achieved
Event

Benchmark (percent of years)

Proposed (percent of years)

Fresh 250 ML/d (target 4 events / period)

6%

6%

Fresh 300 ML/d (target 2 events / period)

25%

26%

Fresh 700 ML/d (target 1 event / period)

88%

84%

Bankfull 2500 ML/d (target 1 event every second year)

96%

86%

Overbank 3000 ML/d (target 1 event every third year)

>100% of target years

>100% of target years

Figure 42. Reach 4a – Total duration of flows above recommended rate each year
Table 34. Reach 4a – Percentage of target events achieved that persist for the recommended duration
Event

Benchmark (percent of events)

Proposed (percent of events)

Fresh 250 ML/d (target 2 day duration)

96%

97%

Fresh 300 ML/d (target 28 day duration)

75%

74%

Fresh 700 ML/d (target 2 day duration)

96%

95%

Bankfull 2500 ML/d (target 2 day duration)

90%

95%

Overbank 3000 ML/d (target 10 day duration)

43%

38%

Reach 5 results
Baseflows
The achievement of the baseflow recommendations for Reach 5 under the benchmark,
current and pre-development flow regimes (Table 35Table 35) indicates that the baseflow
recommendations were almost always achieved prior to river regulation, and continue to be
satisfactorily achieved under both the benchmark and proposal. The proposal does not
affect the ability to provide baseflow recommendations.
Table 35. Reach 5 – Achievement of baseflow recommendations under benchmark and proposed
conditions

Period

Pre-development (percent of years)

Benchmark
(percent of years)

Jan-Apr (lower flow season)

100%

100%

100%

May-Dec (higher flow season)

99%

99%

99%

Fresh, bankfull and overbank events

Proposed (percent of years)

Figure 43Figure 43 shows the number of events that occur in each year (during the
specified flow period) for each fresh, bankfull or overbank flow recommendation; Figure
44Figure 44 shows the duration of each event (fresh, bankfull or overbank) for all years.
These results are provided for both the benchmark (shown as bars) and proposed (shown
as shaded area) conditions - the recommended number and duration of events is also
shown as a red line on the graphs. The number and duration of these events over the entire
period is also summarised all in Table 36Table 36 and Table 37Table 37.
Figure 43Figure 43 and Table 36Table 36 show overall moderate to good compliance under
the benchmark flow regime with the recommended number of 700 ML/d freshes, bankfull
and overbank events. The frequency of the 200 ML/d fresh is never successfully achieved
under the benchmark regime, as the durations of spells above the threshold are very long –
in some cases most of the season. The proposal sees a small decline in the frequency of
the 700 ML/d fresh (reducing from 91-95%) and bankfull (reducing from 65-56%) events,
while the frequency of the other events is maintained.
Figure 44Figure 44 and Table 37Table 37 show that the duration of the freshes, bankfull and
overbank events is very often in accordance with the environmental flow recommendations
under both the benchmark and proposed flow regime - these events exceed the
recommended duration for 88-99% of events.
The proposal therefore largely retains the ability to provide freshes, bankfull and overbank
events at a similar frequency and duration to that occurring under the benchmark, with the
exception of a slightly reduced frequency of the 700 ML/d fresh and bankfull events.
It is worth noting that the failure of the number of 200 ML/d events target is because the
durations of spells above the threshold are very long – in some cases most of the season –
therefore while the durations are complied with the number of events is less so.

Figure 43. Reach 5 – Number of events achieved each year

Table 36. Reach 5 – Percentage of years in the flow record that the recommended number of events is
achieved
Event

Benchmark (percent of years)

Proposed (percent of years)

Fresh 200 ML/d (target 4 events / period)

0%*

0%*

Fresh 700 ML/d (target 1 event / period)

91%

85%

Bankfull 1500 ML/d (target 1 event / period)

65%

56%

Overbank 3000 ML/d (target 1 event every third year)

96% of target years

93% of target years

* Percentage of years for 200 ML/d is so low as events tend to occur only once each season, but last entire season

Figure 44. Reach 5 – Total duration of flows above recommended rate each year
Table 37. Reach 5 – Percentage of target events achieved that persist for the recommended duration
Event

Benchmark (percent of events)

Proposed (percent of events)

Fresh 200 ML/d (target 7 day duration)

99%

98%

Fresh 700 ML/d (target 5 day duration)

88%

90%

Bankfull 1500 ML/d (target 2 day duration)

98%

96%

Overbank 3000 ML/d (target 2 day duration)

96%

93%

Reach 6 results
Baseflows
The achievement of the baseflow recommendations for Reach 6 under the benchmark,
current and pre-development flow regimes (Table 38Table 38) indicates that while the
baseflow recommendation was rarely achieved prior to river regulation, the winter baseflow
is achieved more than three-quarters of the time under the benchmark and proposed
management arrangements while the summer base flow is achieved almost half the time.
The proposal does not affect the ability to provide baseflow recommendations.

Table 38. Reach 6 – Achievement of baseflow recommendations under benchmark and proposed
conditions

Period

Pre-development (percent of years)

Benchmark
(percent of years)

Proposed (percent of years)

Jan-Apr (lower flow season)

1%

46%

45%

May-Dec (higher flow season)

7%

78%

77%

Fresh and overbank events
Note, this reach has no recommended bankfull events, so the following analysis is based on
the two fresh and overbank flow recommendation only.
Figure 45Figure 45 shows the number of events that occur in each year (during the
specified flow period) for each fresh and overbank flow recommendation; Figure 46Figure
46 shows the duration of each event (fresh or overbank) for all years. These results are
provided for both the benchmark (shown as bars) and proposed (shown as shaded area)
conditions - the recommended number and duration of events is also shown as a red line on
the graphs. The number and duration of these events over the entire period is also
summarised all in Table 39Table 39 and Table 40Table 40.
Figure 45Figure 45 and Table 39Table 39 show overall very good compliance under the
benchmark flow regime with the recommended number of 100 ML/d freshes. However, 800
ML/d freshes and overbank events occur at a much less frequent interval than desired. The
proposal provides each of these events at much the same frequency as under the
benchmark.
Figure 46Figure 46 and Table 40Table 40 show that the duration of the 100 ML/d fresh and
overbank events is very often in accordance with the environmental flow recommendations
under both the benchmark and proposed flow regime - these events exceed the
recommended duration for 86-100% of events. The compliance of the duration of the 800
ML/d fresh is much lower, with the required 14 day duration of the 800 ML/d fresh only
occurs in 47% and 44% of events for the benchmark and proposal respectively.
The proposal therefore retains the ability to provide freshes and overbank events at a similar
frequency and duration to that occurring under the benchmark.

Figure 45. Reach 6 – Number of events achieved each year

Table 39. Reach 6 – Percentage of years in the flow record that the recommended number of events is
achieved
Event

Benchmark (percent of years)

Proposed (percent of years)

Fresh 100 ML/d (target 1 event / period)

93%

92%

Fresh 800 ML/d (target 1 event / period)

27%

23%

Overbank 1500 ML/d (target 1 event every ten years)

20% of target years

20% of target years

Figure 46. Reach 6 – Total duration of flows above recommended rate each year
Table 40. Reach 6 – Percentage of target events achieved that persist for the recommended duration
Event

Benchmark (percent of events)

Proposed (percent of events)

Fresh 100 ML/d (target 4 day duration)

88%

86%

Fresh 800 ML/d (target 14 day duration)

47%

44%

Overbank 1500 ML/d (target 2 day duration)

100%

100%

Appendix 3.
Preliminary ecological constraints assessment
Desktop heritage constraints assessment

Appendix 4. Fish ecology report
Murrumbidgee River and Yanco Creek fish community
The mid-Murrumbidgee River and Yanco Creek are within the range of at least 15 native fish
species (Gilligan 2005; Table 1). In the mainstem of the Murrumbidgee River there are
strong populations of golden perch, silver perch, freshwater catfish, Trout Cod and Murray
cod. There is spawning and self-sustaining populations of the majority of these fish
(Baumgartner 2007; Baumgartner and Harris 2007; Jason Thiem, pers. com.). In Yanco
Creek, there is also a Trout Cod population but it is unclear whether these fish form a selfsustaining population or are reliant on spawning in the mainstem of the Murrumbidgee
system (Sharpe et al. 2013; Sharpe and Stuart 2014).
Small-bodied fish are also common, as they are elsewhere in the lowlands of the
Murrumbidgee River catchment and these include Australian smelt, carp gudgeons, MurrayDarling rainbowfish, flatheaded gudgeons and unspecked hardyhead. The very uncommon
small-bodied fish include: southern purple spotted gudgeon, southern pygmy perch, olive
perchlet and flatheaded galaxias but these are not expected to be present in the Yanco Weir
project area.
Spangled perch, lampreys and freshwater eels are very uncommon in this area of the
Murray-Darling Basin. Macquarie perch might also occur in the Murrumbidgee River below
the township of Wagga Wagga but would likely be in very low numbers.

Broad fish movement patterns
Low and rising flows are important for upstream migration of native fish species and the fish
which can be expected to migrate at low flows are identified in Table 1. Fish which can be
expected to migrate upstream during high flows, particularly in spring are also shown and
the seasonal timing is summarised in Table 2. Although no fish species migrate upstream
exclusively on high flows, some fish like golden perch, silver perch and Murray cod are
highly mobile during floods (100s km). Downstream migration is also an important
component of the life-history of most of the native fish species. Late winter, spring and
summer are the important times for upstream and downstream fish movement. Some fish
appear to make more localised movements (metres) for feeding and these include river
blackfish and to a slightly lesser extent freshwater catfish.
The early life stages of fish also drift downstream with golden perch, Murray cod, Trout Cod
and potentially silver perch eggs and larvae present in spring and summer.

Movement to-and-from Yanco Creek
Fish movement to-and-from Yanco Creek is important for the local population ecology and
will occur for almost all fish species but especially for freshwater catfish and Trout Cod. This
reasons for this movement include for feeding, dispersal, gene flow and re-colonisation.
Trout Cod are most common in the upper part of Yanco Creek, usually above Tarabah Weir
while freshwater catfish and golden perch are found throught the system (Sharpe et al.
2013). Large-bodied fish species (e.g. Murray cod and Trout Cod) will generally stay in the
deeper pools, with strong habitat values and water velocities (i.e. >0.3 m/s). All fish species

are more likely to use Yanco Creek in spring and summer rather than winter, unless flow
and permanent pools are maintained. There is also likely to be drift of native fish eggs and
larvae into Yanco Creek during spring and summer.
Small-bodied fish will be permanent residents in Yanco Creek though there is likely to be
some exchange with the Murrumbidgee (Lyon et al. 2010). Yanco Creek supports the most
robust native fish community while there is flow through the system and strong connectivity
with the Murrumbidgee River.
In summary the major expected trends in fish movements are:

•

CATEGORY 1: Large-bodied native fish (Murray cod, Trout Cod and potentially
freshwater catfish):
Adult fish will move upstream and downstream in the Murrumbidgee River, mainly
from mid-winter to the end of spring and early summer.
Some adult fish will move between Yanco Creek and Murrumbidgee River with fish
entering in spring and leaving when water levels fall at the end of the irrigation
season. However, there is likely to be constant exchange of fish during spring and
summer.
Fish will be strongly cued to move by rising or falling water levels (e.g.
150-200 mm/day).
More adult fish will move at medium and high flows, including floods
Larvae will be swept under Yanco Weir during spring/summer, where mortality
rates will be high (Baumgartner et al. 2006). Larvae will drift into Yanco Creek
where there will likely be a low level of recruitment.
Juveniles and sub-adults will likely move upstream and downstream at Yanco Weir
in spring and summer, some fish will also move in and out of Yanco Creek.
Juvenile fish will move at low, medium and high flows.

•

CATEGORY 2: Medium-bodied native fish (mainly golden perch and silver perch and
possibly bony herring)
Adult fish will migrate upstream and downstream in spring and summer and
especially during a river rise and flooding (Mallen-Cooper 1999).
Eggs and larvae will drift downstream in spring and summer where there is high
mortality associated with under-shot weir gate passage. Larvae will drift into Yanco
Creek where there will be little or no recruitment.
Juveniles migrate upstream, especially from mid/late-spring and summer though
few appear to actively enter Yanco Creek.

•

CATEGORY 3: Small-bodied native fish (mainly carp gudgeons, Australian smelt and
Murray-Darling rainbowfish and unspecked hardyhead)
Adult fish will migrate in the Murrumbidgee River throughout spring and summer
and to-and-from Yanco Creek (see Stuart et al. 2008 for an example in the lower
Murray River; Lyon et al. 2010).
Larvae will drift under the Yanco Weir gates and into Yanco Creek.

Juveniles will likely inhabit and complete their life-histories in Yanco Creek.

•

CATEGORY 4: Non-native fish
Adult fish, particularly carp, will migrate in the Murrumbiggee River from spring to
autumn and use fishways (Jones and Stuart 2008). Some fish will also enter Yanco
Creek.
Larvae, particularly of carp, will enter Yanco Creek in spring and summer. Some
larvae will be spawned in Yanco Creek.
Juveniles will reside in Yanco Creek and grow to adults.

Ecological Priorities
The local ecological priorities are to:

•
•
•

Maintain and improve connectivity of habitats along the mainstem of the Murrumbidgee
River and Yanco Creek
Maintain and improve regional populations of medium and large bodied fish, including
golden perch, silver perch, Trout Cod, Murray cod and freshwater catfish
Enhance the survival of all life stages of fish that migrate downstream at Yanco Weir and
at the proposed Yanco Creek regulator

Priority Fish Passage Objectives
The Murrumbidgee River and Yanco Creek support a valuable native fish community. The
recommended design philosophy for fish passage at Yanco Weir (Murrumbidgee River) and
at the proposed new Yanco Creek Weir is to provide fish passage at low and medium flow
events up to the drown-out level of the weir.
The objectives from this approach are therefore to:
1) Provide safe downstream passage of eggs, larvae, juvenile and adult fish.
2) Provide upstream passage of medium and large-bodied fish (60-1000 mm long;
Category 1 & 2) over a wide range of flows, including high flows.
3) Improve habitat connectivity for Category 1 & 2 fish that migrate at macro (100s km)
and meso (10s km) scales
Hence, the fishway design should be based on fish biology and hydraulically cater for a
variety of fish behaviours and especially medium/large fish (Category 1 & 2) which require
continuous attraction flow and traditionally pass more efficiently through pool-type fishways
than locks.

Risks
The major risk in accepting this model is that the fishways do not specifically cater for
small bodied common fish (<60 mm long), including carp gudgeons, flatheaded gudgeons,
Australian smelt, Murray rainbowfish and unspecked hardyhead .
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Glossary
Bankfull flow

Completely fill the channel, with little flow spilling onto the floodplain.

Cease to flow

No discernible flow in the river, or no measurable flow recorded at a gauge.

Current flow
conditions

Long-term flow series simulating behaviour of the system under the current Murrumbidgee Regulated
River Water Sharing Plan. Allocated diversions information is based on data collected from
1990s‐2000s and reflects the level of irrigation development around the time the Water Sharing Plan
was implemented in 2004

High flow

A continual increase in the seasonal baseflow. A high flow remains within the channel and connects
most habitats within the channel.

High flow
freshes

Small and short duration peak flow events that exceed the baseflow (high flow) and last for at least
several days. Usually in winter and spring in Victoria.

Hydraulic
roughness

Refer to Manning’s ‘n’

Independence of
flow events

Where a flow series is being assessed for the recurrence of a particular flow event that exceeds a
threshold magnitude, an independence criteria is applied (in this case 14 days). If the flow drops below
the threshold magnitude for less than 14 days, the two peaks above the threshold are not considered
to be ‘independent’ and will only be counted as a single event.

Low flow

Flow that generally provides a continuous flow through the channel.

Low flow freshes

Small and short duration peak flow events that exceed the baseflow (low flow) and last for at least
several days. Usually in summer and autumn in Victoria.

Manning’s ‘n’

The Manning coefficient of hydraulic roughness, often denoted as n, is an empirically derived
coefficient, which is dependent on many factors, including river-bottom roughness and sinuosity.
Values typically range between 0.02 for smooth and straight rivers, to 0.075 for sinuous rivers and
creeks with excess debris on the river bottom or river banks.

Overbank flow

Flows greater than bankfull which result in surface flow on the floodplain habitats.

Predevelopment
flow conditions

Long-term flow series simulating the best estimate of natural flows in the Yanco Creek system, utilising
historical inflow series for tributaries and dam locations, no structures, irrigation or other demands,
and river loss functions as per the Water Sharing Plan model

Abbreviations
CCD

Coleambally Catchment Drain

CEWH

Commonwealth Environmental Hater Holder

CEWO

Commonwealth Environmental Water Office

CMA

Catchment Management Authority

CRC

Cooperative Research Centre

DC800

Drainage Canal 800

DNRE

Victorian Department of Natural Resources and Environment
(now Department of Sustainability and Environment)

DPI

NSW Department of Primary Industries

FCWG

Forest Creek Working Group

IQQM

Integrated water Quantity and Quality Model

MDBA

Murray Darling Basin Authority

NSW

New South Wales

OEH

NSW Office of Environment and Heritage

OoW

NSW Office of Water

RERP

Rivers Environmental Restoration Program

SRA

Sustainable Rivers Audit

WSP

Water Sharing Plan

XS

Cross section

YACTAC

Yanco Creek and Tributaries Advisory Council
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1

Introduction

1.1

Background to the study

This environmental flows study was initiated by the Yanco Creek and Tributaries Advisory Council (YACTAC) to
address the lack of recognition of the Yanco Creek System in the Water Sharing Plan for the Murrumbidgee
Regulated River Water Source 2003. There was also concern about water savings projects removing water
from the system without a good understanding of the potential environmental impacts.
Prior to 2006 the Murrumbidgee Water Sharing Plan included a requirement for a 100 ML/d replenishment
flow over Warriston Weir to supply stock and domestic water to landholders along the Forest Creek and Forest
Creek Anabranch. Water for Rivers successfully negotiated two projects (Forest Creek Stages 1and2) which
included alternative stock and domestic supplies to landholders. 34.7GL of Murrumbidgee high security water
was converted to environmental water with zero regulated flows the new target over Warriston Weir.
In 2007, Water for Rivers agreed to fund this Environmental Flows Study as well as a report on Wanganella
Swamp. The Wanganella Swamp Management Plan was completed in 2011. In 2010, Water for Rivers signed
an agreement with State Water and NSW Office of Water for the finalisation of water savings projects in the
Murrumbidgee. State Water assumed responsibility for the implementation of these projects, one being this
Environmental Flows Study.
This environmental flows study will be useful for inclusion in the next round of water sharing plan
development, for sourcing and targeting delivery of environmental flows and as a platform for further
environmental works and measures in the Yanco system.

1.1.1 Scope
The Yanco Creek system supplies water to a vast area of the Riverine Plains of New South Wales for
agricultural production and also water supply for townships of Morundah, Urana, Oaklands, Jerilderie, Conargo
and Wanganella. Along the system there are a number of environmental assets including significant wetland
areas that have been impacted by historic water management practices. The community along the creek
system is highly committed to improving the ecological health of all the system and has initiated and/or
supported several studies and environmental restoration programs, particularly for riparian habitat.
Water management for the entire system is governed by the Water Sharing Plan for the Murrumbidgee
Regulated River Water Source 2003. However the environmental flow provisions of the Water Sharing Plan do
not target ecological outcomes for the Yanco Creek System.
The aim of this environmental flows study is to derive scientifically based recommendations to identify the
benefits for the use of environmental water in the Yanco Creek system from the available sources in the
regulated Murrumbidgee or NSW Murray River systems. The scope of the environmental flows study includes:
•

Assessment and integration of a substantial amount of existing ecological and hydrological data and
reports for each of the Creeks and individual localities.

•

Development of environmental flow requirements for a range of ecological attributes of the system
as a whole and for each Creek.

•

Identification of the relative contribution the system can make to specified environmental flow
requirements in the Edward/Murray River.

•

Identification of environmental flow requirements and provision of practical and realistic
environmental flow recommendations

•

Identification of risks or benefits to environmental outcomes on the creeks which may arise due to
water efficiency activities and changes to operating regimes.
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The scope of this study does not include:
•

Development of flow sharing rules for water resource plans

•

Identification of water requirements for social and/or economic benefit

•

Development of individual wetland watering plans for wetland assets present in the system

Alluvium was engaged by State Water to undertake the environmental flows study. This Final Report describes
the environmental values and threats in the Yanco Creek system, environmental objectives for flow dependent
environmental values, reach by reach environmental flow requirements to meet the objectives, and an
assessment of the performance and risk associated with the current water management regime. This report
builds on information presented in the Site Paper and the Issues Paper.

1.2

Method

There are many methods for determining
environmental water requirements for
flow dependent ecological values (ie. the
FLOWS method used throughout Victoria
(DNRE 2002), the Tasmanian
Environmental Flows Framework, the
80:20 rule applied in the Northern
Territory, or the eco-hydrologic
approaches used in Queensland). The New
South Wales State Government and water
managers do not use a standard method
for the determination of environmental
flows. Therefore, we have developed a
method that draws on the elements of the
existing flow determination approaches
that can be completed within the scope of
this project (tasks outlined in Figure 1).
The environmental flows study is aimed at
identifying the key environmental values
and functions of the Yanco Creek system,
and providing recommendations for their
specific ecological watering requirements.
Environmental values are identified
through a desktop exercise and field
assessment with a scientific technical
panel. The values and their interaction
with the natural hydrology and the current
modified hydrology form part of this study.
The negative and positive impacts of the
current hydrology are key project outputs.
This process provides an understanding of
how to protect the identified values and
determine the watering regime
appropriate to achieve the environmental
objectives for the Yanco Creek system.
This water regime is described in terms of
flow components that are important to the
values.
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Figure 1. Project method for investigating an environmentally
sustainable water regime for the Yanco Creek system
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The study was undertaken through the tasks outlined in Figure 1. The Draft Site Paper was circulated in
September 2011 and comments were received from numerous parties which have been addressed in the
Issues Paper (finalised September 2012). This report forms the final deliverable of the study.

1.3

Study area

The study area for this assessment is the Yanco Creek System which is an effluent of the Murrumbidgee River
downstream of Narrandera which flows south-west, discharging into the Edward River (part of the Murray
River basin) at Moulamein. The Yanco Creek system includes the floodplains of the Yanco Creek, the regulated
portion of Billabong Creek, Colombo Creek, the regulated and unregulated portions of Forest Creek, and the
significant environmental values serviced by these. The Forest Creek anabranch was not specifically included in
the study area 1.
Study reaches
To determine environmental flow requirements for the Yanco Creek system, the study area is divided into
reaches that are relatively homogeneous in terms of the following features:
•

Location of major tributaries

•

Presence of key habitats of value

•

Channel morphology and structure

•

System operation

•

Floodplain morphology and structure

•

Flora and fauna structure and value

The Technical Panel has recommended that the Yanco Creek system be assessed as six reaches for the purpose
of the environmental flow determination. These reaches are (Figure 2):
1

Upper Yanco Creek

from Yanco off-take to Sheepwash weir pool (Colombo Creek)

2

Mid Yanco Creek

from Tarabah Weir to confluence with Billabong Creek

3

Colombo Creek

from Sheepwash weir pool to Cocketgedong weir

4

Mid Billabong Creek

Cocketgedong weir to Yanco Creek confluence. Sub-reach 4a
upstream of Jerilderie, sub-reach 4b downstream of Jerilderie

5

Lower Billabong Creek

downstream of Yanco confluence to Edward River

6

Forest Creek

regulated (sub-reach 6a) and unregulated (sub-reach 6b) sections

Figure 2. Yanco Creek system showing the environmental flow study reaches
1

Sufficient data for the Forest Creek anabranch was not available to enable inclusion of this section of the system in the study. Modelled
daily flow data and ecological surveys are required to undertake such assessment.
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The rationale for the recommended reaches is summarised in Table 1.
Table 1. Reach selection criteria and application to the Yanco Creek system
Criteria

Summary of characteristics

Location of major
tributaries /
distributaries

Washpen Creek – right bank distributary, leaves Yanco Creek near Morundah and reenters downstream of Tarabah Weir

1

Coleambally Catchment Drain (CCD) – right bank tributary drain from Coleambally
Irrigation Area, enters Yanco Creek

2

Drainage Canal 800 (DC800)– right bank tributary drain from Coleambally Irrigation
Area, enters Yanco Creek

2

Unregulated Billabong Creek – left bank tributary, enters Billabong Creek at Colombo
Creek confluence

4

Forest Creek – left bank distributary, leaves Billabong Creek at Forest Creek off-take
and re-enters Billabong Creek through numerous creeks including Piccaninny Creek,
Eight Mile Creek and unregulated Forest Creek

6

Forest creek anabranch 2 – left bank distributary, leaves Billabong and Forest creeks
downstream of Wanganella Swamp, enters the Edward River upstream of Moulamein

-

Simple cross section morphology with well connected channel and floodplain. Sandysilt dominated banks. In channel hydraulic diversity evident with variable loading of
large wood throughout.

1, 2

Homogeneous cross section morphology with broad, shallow banks. Little evidence of
in channel diversity.

3

Broad asymmetric cross section morphology. Alternating steep, high banks with
opposite broad, shallow bank.

4

Deep and steep banks. Frequently inundated narrow floodplain set below broader
(infrequently inundated) floodplain. In channel hydraulic diversity evident with
variable loading of large wood throughout and deep pools.

5

Simple cross section morphology with broad, shallow banks.

6

Channel
morphology and
structure

Floodplain
morphology and
structure

Presence of key
habitats of value

Broad floodplain with numerous relic flow paths now forming scattered floodplain
depressions within riparian corridor. Highly sinuous main channel with connection to
significant wetland complexes.

1, 2

Narrow floodplain with generally similar plan form to (low sinuosity) main channel

3, 4, 6

Moderate width floodplain with some relic flow paths forming scattered floodplain
depressions

5

Instream hydraulic diversity with variable large wood loading throughout. Connectivity
with scattered floodplain depressions, wetland complexes and longitudinally (to
Murrumbidgee River)
Persistent weir pools throughout with brief sections of flow downstream of weirs.
Drought refugia with limited longitudinal connectivity (presence of weirs).

System operation

Reach

1, 2

3, 4b, 5, 6a

In channel diversity including deep pools, benches and variable loading of large wood.

5

Connection with Wanganella Swamp

6

Bulk of water supplied to the Yanco System via off take (volume entering Yanco Creek
is well controlled up to 10,000 ML/d in the Murrumbidgee River).

1

Drainage and regulated flows enter the system via the CCD, DC800, and WWC
channels

2, 5

Flow split between mid Yanco and Colombo Creeks controlled by Tarabah Weir

2, 3

Fixed crest weirs (no control of flow magnitude) influence system operation
throughout

3, 4b, 5, 6a

2 The Forest Creek anabranch was not considered part of the study area
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Criteria

Summary of characteristics

Reach

Colombo Creek joins unregulated Billabong Creek (and continues as Billabong Creek)
Hartwood Weir allows sharing of flows between Billabong Creek and Forest Creek
(and downstream Eight Mile Creek/Wanganella Wetland)

4
5, 6

No flow beyond regulated Forest Creek (Warriston Weir)
Flora and fauna
structure and
value

6

Variable width frequently inundated community of River Red Gum dominated
overstorey with healthy understorey of diverse rushes, reed and sedges. Black Box
present beyond frequently inundated zone

1, 2

Thick and narrow riparian stand dominated by River Red Gum with Typha fringe

3

Degraded homogeneous corridor with poor longitudinal connectivity

4a

Wide riparian corridor with good longitudinal connectivity

4b

Narrow River Red Gum dominated riparian corridor with good longitudinal
connectivity

5

Wide River Red Gum dominated riparian corridor

6a

Black Box dominated narrow riparian stand

6b

Environmental flows study sites
In the development of environmental flow recommendations, a number of sites were inspected by the
Technical Panel during a four day field inspection (18-21 June 2012). These sites (Table 2) are described in
further detail in the Issues Paper (Alluvium 2012).
Table 2. Sites inspected by the Technical Panel during field inspection 18-21 June 2012
Reach
1 Upper Yanco Creek

2 Mid Yanco Creek

3 Colombo Creek

4 Mid Billabong Creek

5 Lower Billabong Creek

6 Forest Creek

Description

Date inspected

Yanco Creek at Yanco weir

19 June 2012

Dry Lake, Mollys Lagoon, Back Creek

19 June 2012

Yanco Creek at Devlins Bridge

19 June 2012

Yanco Creek at Morundah

18 June 2012

Yanco Creek at Tarabah Weir

19 June 2012

Yanco Creek at TSR

19 June 2012

Yanco Creek at Silver Pines

19 June 2012

Yanco Creek at Yanco Bridge

21 June 2012

Colombo Creek at Urana Jerilderie Rd

18 June 2012

Colombo Creek – Chesneys Weir

18 June 2012

Colombo Creek ski club, off Coonong Rd

18 June 2012

Colombo Creek at TSR – Sheepwash weir pool

18 June 2012

Billabong Creek at Jerilderie

21 June 2012

Billabong Creek at Brick Kiln

21 June 2012

Billabong Creek at Old Coree

21 June 2012

Billabong Creek at Four Mile Weir

20 June 2012

Billabong Creek at Wanganella

20 June 2012

Billabong Creek at Millabong

20 June 2012

Forest Creek off-take

20 June 2012

Warriston weir

20 June 2012

Forest Creek at Peppinella

20 June 2012

Eight Mile Creek

20 June 2012

Wanganella swamp

20 June 2012

Forest Creek anabranch

20 June 2012
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Due to the limited detailed scientific studies or information available, the Technical Panel has relied on the
visits to a number of sites in the reach and the aerial survey undertaken during the field inspection of June
2012; and experience in similar river systems in south eastern Australia, especially in the Murray-Darling Basin.
High flows at the time of field visits limited the Panel’s ability to observe bed and lower bank features and
characteristics at a number of sites. Where possible the physical form was inferred from hydraulic and physical
forms visible above the water surface and verified following field cross section survey.

1.4

The Final Report (this report)

The approach to determining the environmental flow requirements for the Yanco Creek system is focussed on
taking the concepts and theory of environmental flows and translating those through a transparent, robust
scientific process into flow magnitudes, frequency, duration and timing that can be used to develop operating
regimes for regulating structures.
The structure of this report is shown below, indicating where each of the study terms of reference has been
addressed.
Table 3. Structure of this report
Section

Description of content

Relevant study term of reference addressed

1
Introduction

Outline of the background and scope of the
study.

-

2
Yanco Creek System

Summary of the current and potential
condition of water dependent environmental
values of the catchment, and the current
threats to the water dependent
environmental values within the catchment,
specifically resulting from any system
operation, water extraction and harvesting
Summary description of the system
characteristics including hydrology,
geomorphology, vegetation, wetlands, fish
and macroinvertebrates

Assessment and integration of a substantial
amount of existing ecological and hydrological
data and reports for each of the Creeks and
individual localities.

3
Environmental
objectives

Environmental objectives that are described
in terms of the ecological or geomorphic
functions of the stream flows in the
catchment

Development of environmental flow
requirements for a range of ecological attributes
of the system as a whole and for each Creek.

4
Environmental flow
recommendations

Approach applied to determine
environmental flow recommendations
Environmental flow recommendations for
each study reach
Performance assessment of the
environmental flow recommendations against
the current flow regime
Risk assessment outlining the potential risks
associated with the current and any potential
future water management regimes.

Development of environmental flow
requirements for a range of ecological attributes
of the system as a whole and for each Creek.
Identification of environmental flow
requirements and provision of practical and
realistic environmental flow recommendations
Identification of risks or benefits to
environmental outcomes on the creeks which
may arise due to water efficiency activities and
changes to operating regimes

5
System-wide
environmental flow
opportunities and
provision

Description of system scale environmental
flow recommendations
Discussion of seasonal priorities for
environmental flow provision

Identification of environmental flow
requirements and provision of practical and
realistic environmental flow recommendations.

6
End of system flows

Identification of potential volumes required
to achieve environmental flow
recommendations in the Yanco system, and
the potential flow reduction to the Edward
Wakool system.

Identification of the relative contribution the
system can make to specified environmental
flow requirements in the Edward/Murray River.
Identification of risks or benefits to
environmental outcomes on the creeks which

Final Report: Yanco Creek system environmental flows study

8

Section

Description of content

7
Next steps

Recommendations relating to the
development of operational arrangements for
implementation of the environmental flow
recommendations. Includes discussion of
barriers for removal, monitoring
requirements and complementary catchment
management actions.

8
References

Full reference list

Attachment A
Water resource
schematics

Diagrams outlining system operation in each
reach

Attachment B
Floodplain wetland
flow principles

Detailed information regarding watering
principles for floodplain wetlands

Attachment C
Hydrology

Reach by reach assessment of predevelopment and current hydrology
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Relevant study term of reference addressed
may arise due to water efficiency activities and
changes to operating regimes

Assessment and integration of a substantial
amount of existing ecological and hydrological
data and reports for each of the Creeks and
individual localities.
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2

Yanco Creek system

This section provides a summary of the hydrological and ecological data 3 available for the Yanco Creek system
relevant to this study. System characteristics described in this section have been summarised from detailed
assessments reported in the Site Paper and Issues Paper (Alluvium 2012). This section contains a summary of:

2.1

•

water resource development and management in the Yanco Creek system(including the changes
from pre-development to current operating conditions)

•

hydrological and ecological characteristics of the system

Overview

The Yanco Creek system is situated in the Riverine plains of southern New South Wales (Figure 3). The system
receives most inflow from the Murrumbidgee River, and also catchment inflows from the unregulated
Billabong Creek (upstream of Colombo Creek confluence). The system discharges to the Edward River, an
effluent of the Murray River, near Moulamein.

Figure 3. Murrumbidgee catchment - Yanco Creek system circled in red

The Yanco Creek commences as an off-take from the Murrumbidgee River at Yanco Weir downstream of
Narrandera. It travels in a south west direction before diverging into two separate channels upstream of
Morundah. The northern arm retains the name Yanco Creek, whilst the southern arm is initially called
Colombo Creek, and then Billabong Creek after the junction with upper (or unregulated) Billabong Creek. The
Yanco Creek joins Billabong Creek at Conargo, and the downstream channel is named Billabong Creek (until it’s
confluence with the Edward River). The Forest Creek system is an anabranch of Billabong Creek, which
diverges from the creek upstream of the confluence with Yanco Creek and reconnects shortly before
Wanganella. Flows are controlled at the Forest Creek off-take and it is a regulated stream only as far as
Warriston Weir. Just downstream of Wanganella, Forest Creek Anabranch leaves the Billabong Creek and
eventually rejoins the Billabong just upstream of Moulamein, after which it discharges into the Edward River.
The Eight Mile Creek connects the Forest Creek to Forest Creek Anabranch via the Wanganella Swamp.

3

Data available up to August 2012 (timing of the Technical Panel workshop) has been included in this study. Additional information has
and will become available over time and should be considered in any update to the environmental flow recommendations in the future.
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The bulk of water supplied to Yanco Creek System from the Murrumbidgee River is via the Yanco off take.
Additional flows from the Murrumbidgee enter the system from drainage channels out of the Coleambally
Irrigation Area (the Coleambally Catchment Drain, Drainage Canal 800, West Coleambally Channel). Water
from the Murray system enters the Billabong and Forest Creeks through numerous Murray Irrigation Area
escapes and drains, the main one being Finley Escape.

2.2

Water resource development and management

Irrigation works in the last century have significantly altered the Yanco Creek system flow regime. Prior to
irrigation development the system would have flowed only when flooding was occurring in the Murrumbidgee
River (flows >40GL at the Yanco off-take) and/or when there was substantial runoff and flows in the upper
catchment of Billabong Creek (Molino Stewart 1999). Demand for water in the area led to the construction of a
significant number of structures, both publicly and privately owned, that impact on flows along the system.
These include the off-take from the Murrumbidgee River, and weirs, regulators, block dams and by-wash dams
throughout the creek system (Figure 4).

Figure 4. Yanco Creek system showing irrigation outfalls and major regulating structures (Source: State Water, prep by
Mark Rowe 5/5/2011)

Downstream of Morundah, Yanco Creek has a much greater flow capacity than Colombo Creek and carries the
major portion of the unregulated flows that generally occur in winter-spring, whereas Colombo Creek carries
the major portion of regulated flows in summer-autumn (Molino Stewart 1999). Both Yanco Creek and
Billabong Creek also receive inflows from drains and/or tributary streams. Yanco Creek receives flows from the
Coleambally Catchment Drain (CCD) and drain DC 800, both of which carry drainage flows and regulated
releases from the Coleambally Irrigation Area. The Billabong Creek receives inflows from a number of creeks
and drains, namely the upper (or unregulated) Billabong Creek which has a catchment that extends 160km to
the east of Colombo Creek (Molino Stewart 1999). Murray Irrigation Limited (MIL) delivers drainage water and
some regulated flows to the Billabong and Forest Creeks. The main MIL channel used for regulated flows is
Finley Escape.
Forest Creek is an anabranch of Billabong Creek which has a limited capacity and only receives a fraction of the
flood flows of Billabong Creek. Hartwood Weir, downstream of the junction of Billabong Creek and Forest
Creek, allows sharing of the regulated flows between the two creeks. Forest Creek flows are confined to a predevelopment channel but Eight Mile Creek splits off the Forest Creek in Peppinella and it spreads out in the
vicinity of Wanganella Swamp before being confined to a channel again downstream of McCrabbs Regulator.
Flows from Forest Creek, Eight Mile Creek and Forest Creek Anabranch tend to return to Billabong Creek via
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small interconnecting creeks and breakaways due to a difference in height between the two creeks. Many
block banks are constructed along these creeks to prevent this return of flow.
It takes approximately 5-6 weeks for regulated flows to pass from the Murrumbidgee irrigation dams through
the Yanco Creek system to Moulamein (Beal et al. 2004).
Available environmental water
The Commonwealth Environmental Water Holder (CEWH) and New South Wales both hold entitlements to
water for environmental use that can be delivered to the Yanco Creek System to achieve environmental
objectives.
Commonwealth environmental water
The Commonwealth has been acquiring water entitlements in the Murray Darling Basin through direct buybacks from irrigators and savings from infrastructure upgrades with the objective of returning more water to
the environment. As at 30 April 2012, the Commonwealth environmental water holdings in the
Murrumbidgee and NSW Murray systems, which potentially could be used to achieve environmental
objectives in the Yanco Creek system, are greater than 150 GL (Murrumbidgee) and 200 GL (NSW Murray) of
4
general security entitlement. A breakdown of Commonwealth holdings is shown in Table 4 .
Table 4. Summary of Commonwealth environmental water holdings as at 30 April 2012
Southern Connected Basin Valley
Murrumbidgee

NSW Murray

Security

Entitlement volume (GL)

High

0.4

General

153

Conveyance

1.6

Supplementary

20.8

High

2.6

General

232

Note: The volumes in this table include only entitlements which have been formally transferred to the Commonwealth (i.e. registered with
the relevant NSW authority) at 30 April 2012. Registration can occur a number of months after the exchange of contract.

Commonwealth environmental water is required to be managed for the purpose of protecting or restoring the
environmental assets of the Murray-Darling Basin. It must be managed in accordance with relevant
environmental water plans (including the Environmental Watering Plan under the Basin Plan), any operating
rules made under the Water Act 2007, and any environmental watering schedules to which the CEWH is party.
NSW environmental water
New South Wales holds water entitlements to water for the environment in the Murrumbidgee and Murray
basins which can be delivered to the Yanco Creek System to achieve environmental objectives (Table 5). The
bulk of NSW owned water was purchased under the Living Murray Initiative. This program saw the purchase
of 115 GL of entitlements across the Murray, Murrumbidgee and Darling Rivers. The NSW Living Murray
entitlement is currently managed by the Murray Darling Basin Authority (MDBA).
Table 5. Murrumbidgee environmental water available 2012/13
Account

Maximum GL

GL available at 1/7/12 (64%AWD)

General Security

27.7

22.2 (includes carryover)

Supplementary

5.7

Available at 10/7/12

Unregulated

5.9

N/A

OEH Adaptive Environmental Water

Environmental Water Allowance (EWA)
EWA1
4

56*

(http://www.environment.gov.au/ewater/about/holdings.html)
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Account

Maximum GL

GL available at 1/7/12 (64%AWD)

EWA2

36

EWA3

40*

Commonwealth Environmental Water
High security

0.5

0.5

General security

157.7

100.9

Supplementary

3.2

Available at 10/7/12

Unregulated

20.8

The NSW RiverBank is a separate purchasing program, coordinated by the Office of Environment and Heritage.
Under this program, NSW has purchased more than 20 GL of general entitlement. Table 6 shows the
breakdown of entitlements purchased in the Murrumbidgee River under the RiverBank program. Note that no
entitlements were purchased in the NSW Murray basin, and the program was scheduled for completion by
December 2011. 5
Table 6. Summary of NSW RiverBank purchases as at 31 October 2011
Basin

Security

Entitlement volume (GL)

Murrumbidgee

General

23.9

Supplementary

5.7

Unregulated

6.2

2.3

Water resource plans

Murrumbidgee Water Sharing Plan
The Murrumbidgee Regulated River Water Sharing Plan 2003 (Murrumbidgee WSP) is the statutory water
management plan (under the Water Management Act 2000) encompassing the Yanco Creek system. The plan
is based on recommendations from the former Murrumbidgee River Management Committee (which included
representatives from the irrigation industry, indigenous communities, the CMAs, state and local government
agencies). It commenced on July 1, 2004, and was suspended from November 2006 to September 2011 due to
severe drought conditions.
The Murrumbidgee WSP aims to ‘provide equitable sharing of limited water resources to sustain a healthy and
productive river and the welfare and well-being of Murrumbidgee regional communities’ (DIPNR 2004). The
Plan specifies the following environmental water rules:
1.

Reserve all water above the extraction limit for the environment

2.

Protect low flows in the upper reaches (of the Murrumbidgee River)

3.

Provide winter flow variability

4.

Establish environmental water allowances

5.

Protect end of system flows (on the Murrumbidgee River)

The environmental flow provisions in the Murrumbidgee WSP do not specifically target ecological outcomes
6
for the Yanco Creek system .

5

(http://www.environment.nsw.gov au/environmentalwater/waterpurchase.htm)
Note that a proposed amendment to the water sharing plan is currently under consideration. This amendment does not propose any change to
the environmental water rules or affect the Yanco Creek system.
6
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Annual Environmental Watering Plans
Adaptive environmental watering plans are statutory instruments prepared by the Office of Environment and
Heritage in consultation with Environmental Watering Advisory Groups and approved by the NSW Office of
Water. Annual plans completed for the Murrumbidgee and NSW Murray identify the primary objectives for
environmental water in the catchments, and outline how the available and potential environmental water will
be used in each catchment during the year.
The Environmental Watering Plan for the Murrumbidgee Valley 2011/12 guides the prioritisation of sites for
environmental watering in the Murrumbidgee Valley (from Commonwealth and State allocations) during the
2011/12 season. Ten primary objectives have been identified for the use of environmental water in 2011/12
and are shown below: (Note these objectives are unchanged from the 2010/11 objectives)
1.

To improve and/or maintain the condition of a diversity of wetland types within the Murrumbidgee
Valley

2.

To prevent the further decline in stressed wetland vegetation communities, in particular River Red
Gum, Black Box and Lignum communities

3.

To assist in the best management of RAMSAR wetlands and “native fish in wetlands” demonstration
sites

4.

To increase and/or maintain the abundance and diversity of wetlands and riparian aquatic vegetation

5.

To reinstate a wetting/drying cycle for natural ephemeral floodplain wetlands that have been
negatively impacted by river regulation and/or severe drought conditions

6.

To provide habitat for wetland-dependent fauna including endangered species such as the Southern
Bell Frog and Fishing Bat

7.

To trigger and/or maintain colonial waterbird breeding events primarily in the Lowbidgee wetlands

8.

To complement naturally occurring higher river flows (or if necessary create high flows) that provide a
benefit to wetland/floodplain dependent fauna and flora communities by increasing duration and/or
extent of inundation

9.

To minimise the adverse impacts that altered flow rates may have on instream fauna, in particular
native fish populations

10. To assist in furthering the understanding of biological processes and functions within wetland/riverine
habitats that will inform future management of environmental water allocations
Based on these objectives, the following sites in the Yanco Creek system have been identified for potential
watering during the 2011/12 season:
•

Yanco and Colombo Creeks, to introduce flow variability that has been removed and attenuated by
flow regulation, to benefit populations of threatened fish and endangered aquatic ecological
communities

•

Wanganella Swamp

The Murray Valley Annual Environmental Watering Plan for 2012/13 outlines the proposed use of
environmental water (from Commonwealth and state allocations) in the NSW Murray Valley for the 2012/13
season. The plan sets eight primary objectives (identical to those in the Environmental Watering Plan for the
Murrumbidgee Valley 2012/13) for environmental watering, and lists Wanganella Swamp as an asset to receive
water under a median/wet scenario if a large breeding event is triggered and needs to be maintained.
Based on the primary objectives, the Wanganella Swamp on the Forest Creek floodplain has been identified as
a potential site for receiving environmental water during 2012/13. Over 12 GL of environmental water was
used to inundate the swamp during 2010/11 to sustain a significant bird breeding event and attracting up to
13,000 pairs of Straw-necked Ibis, as well as national and internationally listed species of waterbirds. If
another large bird breeding event is triggered naturally in 2012/13 and there are insufficient inflows to support
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the event to its end, the environmental watering plan recommends the provision of environmental water to
sustain it.
In addition to the State plans, the Commonwealth Environmental Water Office publishes Annual Water Use
Options for the Murrumbidgee Catchment. The annual options document sets out the proposed approach for
the use of Commonwealth environmental water in the catchment based on a range of possible river
conditions. The Commonwealth’s environmental watering program objectives are dependent upon the
prevailing climatic conditions during the period for which they are established. The Commonwealth considers
proposals for water use from a range of stakeholders, including state government organisations, and
incorporates advice provided by the panel of scientific experts that make up the Environmental Water
Scientific Advisory Panel.

2.4

System characteristics

Hydrology
The physical form and condition of ecological values in the Yanco Creek system is shaped not only by the
regulation of water, but by the spatial and temporal variability of this supply. That is, both physical form (the
shape of the waterway) and ecological values such as fish and vegetation are driven by the hydrological
behaviour of the system. In order to appreciate the Yanco Creek system ecology it is important to first
understand the system hydrology, including both surface water, and groundwater-surface water interaction.
One way to explore the system hydrology is to use a hydrological model. Unfortunately very little
groundwater-surface water interaction information was available for the Yanco Creek System as a whole;
however the hydrological model (described below) does comprise localised groundwater interaction (losses
and gains) throughout the system.
Hydrological interactions along Billabong Creek were investigated in a 2011 report by NSW Office of Water
that evaluated the connectivity and infiltration rates along Billabong Creek using a range of techniques
(Brownbill et. al. 2011). Billabong Creek was identified as a losing-disconnected reach with an associated welldefined clogging layer near or slightly below the streambed (usually a clay unit 0.5 to 2 m thick, Brownbill et.
al. 2011). Hydraulic conductivity in Billabong Creek was classified as low. Local river loss along Billabong Creek
was estimated at around 15 to 16 thousand litres per kilometre per day for median and high (tenth percentile)
river flows respectively. Regional losses were much lower at around 400 and 850 litres per kilometre per day
for median and high river flows.
Two integrated water quantity and quality (IQQM) simulation models have been developed by NSW Office of
Water for the Yanco Creek system water resources management planning: one for pre‐development (or preregulated) conditions and one for current conditions. The IQQM models have been used to generate 100 years
of flow data at various locations throughout the system under each condition. The pre-development flow
series assumed no development over the entire 100 years (thus allowing direct comparison of the two
conditions).
Using the modelled flow series, three key hydrological indicators have been developed: total annual flow, flow
duration, and seasonality.
Total annual flow shows, on an annual basis, the quantity of water flowing through the Yanco Creek system
under pre-development and current conditions and at various locations. This is a simple way of comparing the
number of flow or no-flow, wet and dry years under each condition.
Flow duration illustrates the temporal variation of flows. For example, the flow duration curve can be used to
understand the percentage of time that flows exceed 200 ML/d (or the percentage of time there is no flow at
all, and so on) in any part of the system under pre-development and current conditions.
Seasonality shows what is driving the various flow-related ecological events tied to particular times of year, or
seasons. For example, biological events such as fish migration and spawning which take place only if suitable
flows occur and at the right time of year.
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The below paragraphs summarise the hydrological behaviour of the Yanco Creek System.
Total annual flow 7
Under current operating conditions the total annual flow is greatest in upper Yanco Creek between the offtake and Tarabah Weir (average 331 GL/y). This flow from the upper Yanco is split almost equally (on an
annual basis) between middle Yanco Creek (average 150 GL/y) and Colombo Creek (average 145 GL/y).
Unregulated Billabong Creek contributes on average 60 GL/year to the Colombo Creek flow, resulting in an
increased total annual flow volume in middle Billabong Creek (average 205 GL/y). Downstream of the
confluence of Yanco and Billabong creeks, the average total annual flow volume increases to 281 GL/y. Forest
Creek has the lowest total annual flow (average 45 GL/y).
The total annual volume of flow prior to development was much lower than under current conditions. This is
more pronounced in the upper reaches (ranging from three times less in middle Yanco Creek to seven times
less in Colombo Creek) than in the lower reaches.
The pre-developed total annual flow volume generally follows the same temporal trend as for current
conditions with two notable differences: the split between middle Yanco and Colombo Creeks is approximately
two-thirds to one-third under pre-developed conditions; and the unregulated Billabong Creek contributes a
greater proportion of flow to the lower reaches (29% of flow in middle Billabong comes from unregulated
Billabong Creek, compared with 87% under pre-developed conditions). Under pre-development conditions
years of no-flow are frequently observed (e.g. the early 1980s and for the whole of the 2000s).
Total annual flow is generally less variable under current conditions compared with pre-developed. For predeveloped conditions we frequently see average to high total annual flows followed by near no-flow years
(and vice versa, for example years 1973 to 1974). Under current conditions the inter-annual variation is
generally less pronounced. This represents quite a significant hydrological shift, most evident in reaches 1, 2
and 3, from what was a ‘boom and bust’ system to a more consistently flowing system. This in turn contributes
to changes, both historical and ongoing, in geomorphological processes and system ecology.
Note: For ease of plotting, Figure 5 shows total annual flow from 1970-2009 only. The period from 1970-2009
exhibits both extreme wet (early 1970s) and dry (2000s) and is generally representative of the full record.

7

Total annual flow is calculated by summing the total flow volume for each year of the record. Plots of total annual flow are used to show
inter-annual variability and highlight dry, average and wet conditions. Pre-development and current conditions are easily compared using
these plots
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Figure 5. Modelled system wide total annual flow volume (1970-2009)
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Flow duration curve 8
Under current conditions the magnitude of infrequent (flood) flows is greatest in middle and lower Billabong
Creek (due to the catchment inflow influence of unregulated Billabong Creek). Infrequent (flood) flows are
generally of the same or similar magnitude under current conditions and pre-developed conditions (except for
Colombo Creek where current flood flows are approximately 50 % larger). Flood flows are greatest in middle
and lower Billabong Creek (due to the catchment inflow influence of unregulated Billabong Creek).
Under pre-developed conditions the curves show that flows in the upper Yanco System (Reach 1, 2 and to
some degree Reach 3) drop away to 'no-flow' for the majority of time, while under current conditions flows
rarely if ever fall below 270 ML/d. The lower Yanco System (receiving inflows from unregulated Billabong
Creek) exhibits greater variation in daily flows under pre-developed conditions with at least some flow
observed right up to around 80 % of time (this is less notable in Forest Creek where flows persist only
to around 30% of time). The lower Yanco System currently shows similar temporal variation in daily flows
(shape of curve) as the upper system (except for Forest Creek where the flow duration curve is more closely
matched with its pre-developed counterpart). Overall, reaches 1, 2, 3 and 6 show the greatest changes in noflow, base flow, medium and high flows. Reaches 4 and 5 show a less pronounced change from predevelopment to current conditions.
9

Seasonality
Flows in the Yanco System currently display a typical temperate seasonal pattern, with the lowest average
monthly flows in February and March, and the highest average flows in August. For all reaches except Forest
Creek there is at least some flow (i.e. not zero) on average, even in the lowest flow months. This should be
noted in tandem with the flow duration curve discussion, above, where cease to flow events are markedly
absent under current operation which is in direct contrast to the pre-development state. The distribution of
daily flows under pre-development conditions for each month shows a similarly temperate seasonal pattern.
However the magnitude of average daily flows is consistently smaller in all reaches (except Forest Creek where
near pre-development daily flow magnitudes are observed).
The shift in seasonal variation from pre-developed to current conditions can be explored by quantifying the
magnitude of variation between seasons. To do this we compare the average daily flow of the low and high
flow months respectively. Under current conditions the greatest degree of variation is observed in Forest
Creek where average daily flows in high flow months are significantly (roughly ten times) greater than low flow
months. Reaches influenced by unregulated Billabong Creek (middle and lower Billabong Creek) are second
most variable, while Colombo Creek (and to some degree upper and mid Yanco Creeks) show little variation
between seasons. Under natural conditions the same trend is observed at each reach however the variation
from low flow season to high flow season is markedly greater. For example in Forest Creek average daily flows
in the high flow month is approximately 50 times greater in the lowest flow month (and between 20 and 25
times greater for middle and lower Billabong, and between 10 and 20 for upper and middle Yanco Creek and
Colombo Creek). Interestingly, Colombo Creek is not the least variable reach (upper Yanco Creek is) under predeveloped conditions.

8

Flow duration curves represent the ranking of all flows in the record from lowest to highest, where the rank is the percentage of time
that the flow value is equalled or exceeded. These plots are used to show the percentage of time that the range of flow values are
observed. Pre-development and current conditions are easily compared and contrasted using these plots
9
Flow seasonality is calculated by averaging the daily flows observed in each month over the entire record. The plots show the pattern of
variation, during the year, of the average daily volume of flows in each reach and is best demonstrated using a number of key statistics:
The maximum and minimum flow values (average over all days in each month over the complete record)
The mean flow value (average over all days in each month over the complete record)
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Figure 6. Modelled system wide flow duration curves
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Figure 7. Modelled system wide seasonality plots
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Physical form
Physical form describes the size, shape and diversity of the river channel. A diversity of habitat types provides
the physical basis for a diversity of biota and is an important factor in providing a healthy river. Understanding
the history of the current geomorphic form and process of the Yanco Creek system is important for two
reasons:
•

It allows flows to be targeted at the geomorphic processes that threaten the achievement of the flow
objectives (e.g. excessive sedimentation) or support the achievement of the objectives (e.g. provision
of flows to maintain benches and pools).

•

An understanding of the historic physical form and processes sets the current geomorphology in
context and allows the likely future trajectory of change to be considered. For example, if part of the
system is on a long-term trajectory of channel contraction, then this informs its likely utility as a
means of transferring water into the future.

The Yanco Creek system lies within the lower tract of riverine plains of NSW, which covers the alluvial fans of
the Lachlan, Murrumbidgee and Murray rivers west of the Great Dividing Range and extends down the
Murray. Discharge from past and present streams control patterns of sediment deposition, soils, landscapes
and vegetation. The riverine plains landscape is dominated by Quaternary river channels, floodplains,
backplains, swamps, lakes and lunettes. The region comprises three overlapping alluvial fans centred on the
eastern half of the Murray Basin. (Office of Environment and Heritage 2011).
Yanco Creek is part of a complex distributary system of paleochannels that emanates from the confined
upstream valley at Narrandera (Page at al. 2009). Four sequential phases of paleochannel activity were
identified by Page and Nanson (1996): Coleambally, Kerarbury, Gum Creek and Yanco. The present
geomorphology of the Yanco system reflects its evolution through the Late Quaternary, with a number of
(relatively) small, highly sinuous channels dominated by suspended sediment load (ie. low bedloads) within a
large, very flat floodplain formed by the Yanco paleochannel that operated between 20,000 to 12,000 years
ago.
The Yanco paleochannel was a powerful floodplain river, with an approximate bankfull width of 250 m
(compared to approximate bankfull width of 35m in contemporary system). Bankfull discharge of the Yanco
paleochannel is
estimated to be
between 4-8 times the
current bankfull
discharge (Page et al.
2009). The Yanco
paleochannel was
laterally unconfined,
with well preserved,
large wavelength and
meanders (Figure 8),
and scroll patterned
floodplain formed by
lateral migration (Page
et al. 2009). The large
source-bordering
dunes associated with
the Yanco channels
show it carried large
quantities of sandy
bedload (Page et al.
2009).
Figure 8. Comparison of present channel (blue) and paleochannel (green) planform in
middle Yanco Creek (upstream of Cobb Highway)
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The formation of the present geomorphology of the Yanco Creek is strongly influenced by the drier climate of
the Holocene, which has resulted in the smaller, more sinuous pattern of the channels. In the lower section of
the system there is a general floodplain gradient to the north so the floodplain flows generally towards
Billabong Creek. Eight Mile Creek appears to be in active aggradation phase, which exacerbates the tendency
for flows to move towards Billabong Creek, and reduces the effectiveness of this channel as a delivery route to
Wanganella Swamp.
Water dependent vegetation
All vegetation is, to some extent, dependent on a supply of water. Without water, plants, even those adapted
to growth in deserts, eventually die. What water-dependent vegetation means in the context of this report is
vegetation that lives in or near surface or groundwater, and in particular vegetation that is associated with
flowing water such as rivers, streams and creeks, or with still water such as wetlands and billabongs.
A number of ways have been proposed to group different types of water-dependent vegetation. One is a
structural approach, where plants species are grouped into broad categories such as forests and woodlands,
shrublands, grasslands, sedgelands and rushlands, and herblands. A second is to sort the various species into
functional groups, such as into terrestrial taxa (that do not tolerate flooding), submerged taxa (that do not
tolerate drying), and the large intermediate group of amphibious taxa (that tolerate both flooding and drying).
A third method has been to divide the plants up into broad taxonomic associations, such as Black Box
woodlands, River Red Gum woodlands or forests (the difference between forest and woodland depends
mostly on canopy cover and tree size and density), Lignum shrublands, reed beds, and general aquatic
associations of obligately submerged taxa, such as Vallisneria. The different approaches have various
strengths and weakness, and which one is better often depends on the types of questions that need to be
answered, or in this study, the environmental objectives that are set.
Our field inspections and the available literature indicated that there is very little submerged aquatic
vegetation in the Yanco System. In most inland rivers in New South Wales, one would expect to find
submerged taxa such as Vallisneria and Potamogeton. Species such as these, however, seem to have been
progressively lost since the 1950s and particularly since the expansion of carp in the 1970s. The only exception
to this generalisation occurs in unregulated Forest Creek, where a localised community of instream (and
emergent) vegetation had evolved in response to the hydrological conditions at this site, probably enhanced
by fencing and related restrictions on stock access (Figure 9). At this site, maintenance of the existing diverse
range of submerged and emergent plant species could be considered a high priority.

Figure 9. Instream and emergent vegetation observed in unregulated Forest Creek at Peppinella (image taken 20 June
2012)

In contrast to the general case with instream vegetation, the river system supports in most places a band of
riparian vegetation on the banks and higher benches, dominated almost entirely by River Red Gum (Eucalyptus
camaldulensis) on those parts likely to be inundated more frequently, and Black Box (Eucalyptus largiflorens)
on slightly higher ground that receives less frequent and shorter inundation. The density of trees and the
resultant density of canopy cover vary for River Red Gum stands, from sparse woodland in drier sites to, more
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rarely, a dense forest with larger trees and more canopy cover in wetter sites. In a few locations, River Cooba
(Acacia stenophylla) is present as a canopy-forming tree; flooding is important for this species in order to
maintain adult trees, but it is not clear what role periodic inundation has in the species’ recruitment.
The width of the riparian zone varies greatly over the study area, from over a kilometre in some locations to
narrow bands only a tree or two wide in others. This variation is a result of two factors:
•

a geomorphological factor, resulting in differences in the width of the floodplain and higher-level
benches across the site

•

a land-management factor, the impact of stock grazing, mostly by sheep, on the recruitment of young
trees into the population.

The adverse impact of stock access is strongly evident in parts of Reach 4a, middle Billabong Creek, where the
water regime is most natural of all parts of the system but the riparian zone is in very poor condition where
stock have unlimited access to the stream and its bankside vegetation (Figure 10a).
Although the riparian zone has a canopy layer consisting of mostly either River Red Gum or Black Box, or more
rarely River Cooba, there are also important understorey species present as well. In many cases, the
understorey condition is limited, probably as a result of grazing pressures. In those spots where grazing does
not occur (e.g. near Devlins Bridge in Reach 1, and in parts of Old Coree in Reach 4b, Figure 10b), the
understorey is dense and floristically diverse. It can include a range of native grasses, rushes and sedges and,
conspicuously, lignum (Muehlenbeckia florulenta).

a.

b.

Figure 10. Differences in riparian vegetation in Middle Billabong Creek - Billabong Creek upstream of Jerilderie (a) and at
Old Corree downstream of Jerilderie (b) (images taken 21 June 2012 (a), 22 June 2012 (b))

The third type of water-dependent vegetation found in the study area is the reeds, rushes and sedges that
occur along the river banks and on its benches or in shallow water in the stream margins. These seem to have
a restricted distribution, probably as a result of relatively unchanging water levels in many of the waterways.
Emergent taxa such as these commonly grow best when water levels fluctuate on a seasonal basis, with high
water levels in winter and spring and low water levels in summer. Constant high water levels, especially when
the water is enriched with plant nutrients such as phosphorus, differentially encourage the growth of
Cumbungi (Typha spp.), and this process was evident at a number of sites in the study area (Figure 11).

Figure 11. Cumbungi (Typha spp.) present in Colombo Creek at Urana-Jerilderie Rd (image taken 18 June 2012)
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Floodplain wetlands
A wide range of floodplain wetlands are present in Reach 1, the upper Yanco, including the Possum Creek
complex, Dry Lake and Mollys Lagoon, and the Washpen Creek complex (Figure 12). These are characterised by
large expanses of open water that may or may not support obligately submerged vegetation 10, and are fringed
mostly by River Red Gum. Reach 6, Forest Creek, also supports the regionally important Wanganella Swamp
and Rhyola wetland. Of these, Wanganella Swamp is the more floristically diverse and its water-regime
requirements have been addressed in a number of prior studies.
In addition to these large and visually obvious floodplain wetlands, the Yanco system supports a large number
of smaller floodplain depressions and billabongs (Figure 12). What is important in the maintenance of
floodplain wetlands is to take advantage of subtle variations in the elevation of the various wetlands and their
commence-to-flow rates. In this way, a mosaic of wetlands can be maintained in different stages of wetting
and drying, by providing overbank flows or bankfull flows to engage flood runners. The overall ecological
resilience of the system is enhanced by providing hydrological conditions that facilitate the maintenance of
such a mosaic of wetlands under different hydrological regimes. It is worth mentioning too that, in all cases,
the maintenance of floodplain wetlands depends not only on hydrological factors but also on land-use
practices. In general, wetland plants cannot recruit successfully when subject to high and constant grazing
pressure, and the maintenance and rehabilitation of the system’s complex array of wetlands (large and small)
will require ancillary actions involving catchment management as well as the provision of environmental
water.

Figure 12. Wetlands mapped in the Yanco Creek system through two previous projects –Investigation into potential water
savings from the Yanco Creek system (off-take to Yanco Bridge) wetlands (Webster 2007) (referred to as Stage 1), and the
follow-on Stage 2 study (GIS data only, Webster unpublished)

Fish
Yanco Creek has a diverse fish community, with at least 14 native species, in the system and adjoining
Murrumbidgee River (Baumgartner 2007; Lintermans 2007). Seven species (e.g. Murray Cod, Trout Cod, Silver
Perch, Southern Pygmy Perch, Freshwater Catfish, Olive Perchlet and Flat-headed Galaxias) have high
conservation significance and are listed as “threatened” under the Fisheries Management Act 1994 and the
Commonwealth EPBC Act 1999. The most common species are the small-bodied fish such as Australian Smelt,
Unspecked Hardyhead, Murray Rainbowfish and Carp Gudgeons (Wassens et al. 2012) that are also common
elsewhere in the lowlands of the Murrumbidgee River catchment (Gilligan 2005). The large and medium
bodied fish species are also present, including Murray Cod, Trout Cod, Golden Perch, Silver Perch, Bony Herring
and Freshwater Catfish. Along with small-bodied fish, there is some evidence for recruitment of Golden Perch
in the large floodplain lakes, such as Dry Lake and Mollys Lagoon (Wassens et al. 2012). A further five nonnative species are also present in Yanco Creek, including: Carp, Gambusia, Goldfish, Redfin Perch and Oriental
Weatherloach.
10

Plants permanently submerged; produce floating, aerial or submerged reproductive organs; including floating-leaved plants.
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Table 7 outlines the fish species recorded in the Yanco Creek system, and those species expected to occur.
Table 7. Fish species recorded (rec) and expected (exp) to occur in study reaches of the Yanco Creek system, based on
L
combination of site visit and NSW Fisheries Data for the Yanco Creek system. Note: native large-bodied fish =  , native
M
S
F
medium bodied fish =  , native small bodied fish =  , native small bodied floodplain specialist fish = 
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Note: expected for reach 6 is at Wanganella Swamp

Yanco Creek, particularly the upper section, provides good habitat for a range of native fish species because
the annual irrigation flows provide hydraulic diversity among the various habitats within the creek. An
example of the hydraulic diversity might be relatively shallow areas with faster flow and deeper slow flowing
pools. The second habitat aspect is the relatively high abundance of physical habitat such as snags, particularly
in the upper reaches. Regular connection with the adjacent floodplain wetlands also provides habitat diversity
for the floodplain fish species.
Macroinvertebrates
The term aquatic macroinvertebrates refers to a diverse group of non-vertebrate animals found in the river
channel. This includes animals such as insects (e.g. groups such as mayflies, caddisflies, and beetles), crustacea
(yabbies, amphipods), dipterans (fly larvae such as chironomids), aquatic snails and aquatic worms.
Macroinvertebrates form an important component of the aquatic ecosystem, both as part of the natural
biodiversity and as a vital component of the food chain (they form the major component of the diets of most
native fish).
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The major determinants of the abundance and composition of the aquatic macroinvertebrate fauna are the
flows, available habitat, sources of food and water quality. In the main, the key habitats for
macroinvertebrates in lowland rivers are the benthic sediments, instream vegetation and woody debris in the
channel. An additional habitat in lowland rivers is the zone of tree roots along the edge of the channel. These
roots provide shelter from high flows and predators, trap leaves and other organic debris in which the
macroinvertebrates live.
The major food sources for most macroinvertebrates are algae, biofilms (layers of bacteria and other microorganisms that cover elements in the water) and terrestrial organic material (leaves, twigs etc) that fall into
the stream from the riparian zone.
Very little is known of the diversity and composition of the macroinvertebrate fauna of the Yanco Creek
system. Only one record of a survey, at a single site on the Yanco Creek at Morundah in 1998 (Reach 2), could
be located. The fauna at that site was typical of lowland rivers, with species associated with snags (e.g.
freshwater prawns, beetles and shrimps), aquatic plants (e.g. caddisflies and shrimp), relatively slow-flowing
open water (e.g. water bugs) and fine sediments (e.g. freshwater worms). It would seem likely that similar
types of communities would be prevalent throughout the remaining parts of the system due to the types of
habitats that can be found elsewhere.
However, Yanco Creek lies in the area covered by the listed “Lower Murray Aquatic Ecological Community”
(NSW DPI 2007). The lower Murray aquatic ecological community includes all native fish and aquatic
invertebrates within all natural creeks, rivers and associated lagoons, billabongs and lakes of the regulated
portions of the Murray, Murrumbidgee and Tumut rivers, as well as all their tributaries and branches (including
Yanco Creek). The community includes 23 native fish species and over 400 recorded native invertebrate
species (although all native fish and other aquatic animal life within its boundaries are accorded the status of
endangered species).
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3

Environmental objectives

Environmental objectives were determined by the Technical Panel and Steering Committee for each study
reach. The objectives reflect the environmental values identified throughout the system by the community
(during community information sessions held in May 2012), through literature review, and assessment by the
Technical Panel. Objectives were determined in the context of current water resource management, and the
social and economic values of the region. The environmental objectives are summarised in Table 8 and
discussed in further detail in this section.
Table 8. Environmental objectives for the Yanco Creek system
Reach*
Environmental objective

1

2

3

Maintain riparian vegetation condition, extent and composition







Rehabilitate riparian vegetation condition, extent and composition

4a

4b

5

6a

6b











Maintain diversity and abundance of instream vegetation



Maintain a mosaic of wetlands





Maintain channel form and promote habitat diversity





Maintain drought refuge habitat





Support self sustaining populations of macroinvertebrate taxa from the
endangered Lower Murray Aquatic Ecological Community







Support self sustaining populations of macroinvertebrate taxa found in
mid-Murrumbidgee wetlands







Maintain and/or improve large-bodied native fish community





Maintain and/or improve medium-bodied native fish community



Maintain and/or improve small-bodied generalist native fish community
Maintain and/or improve small-bodied native fish – floodplain specialists
* Yanco Creek System reaches include:
Upper Yanco Creek
Mid Yanco Creek
Colombo Creek
Mid Billabong Creek
Lower Billabong Creek
Forest Creek




































































From Yanco off-take to Sheepwash weir pool (Colombo Creek)
From Tarabah Weir to confluence with Billabong Creek
From Sheepwash weir pool to Cocketgedong weir
Cocketgedong weir to Yanco Creek confluence (sub-reach 4a upstream of Jerilderie, sub-reach
4b downstream of Jerilderie
Downstream of Yanco confluence
Regulated (sub-reach 6a) and unregulated (sub-reach 6b) sections

For every environmental objective, the Technical Panel have defined the characteristics of flows required to
achieve the objectives and the hydraulic criteria to measure achievement. These hydraulic criteria were
applied during the environmental flow determination (Section 4).
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3.1

Maintain and/or rehabilitate riparian vegetation condition, extent and composition

Description
Riparian vegetation plays a crucial role in the ecological structure and function of streams in inland Australia.
Living trees provide habitat for a wide range of animals, ranging from small invertebrates (e.g. insects) to large
vertebrates, including water- and bush-birds. Fallen limbs and bark provide habitat and shelter for animals on
the floodplain floor, especially invertebrates and reptiles. Wood that falls into the stream similarly provides
habitat for aquatic animals, especially fish. Leaf fall and bark shedding provide organic matter that fuels
floodplain and aquatic food webs, mostly via decomposition and consumption by macroinvertebrates. The
larger trees shade the stream, lowering water temperatures and providing shade for fish. Smaller plants, such
as shrubs and other elements of the understorey, also protect the soil against erosion during floods and during
heavy storms. Finally, the plants provide a critical aesthetic element that makes Australian streams and creeks
look the way they do.
The wording of the environmental objective needs to be teased out, from two perspectives. First, there is a
difference between maintaining and restoring/rehabilitating the values. Maintenance refers to actions that
are intended to preserve existing values. In contrast, rehabilitation intends to improve those values to some
pre-agreed end point. Some people draw the distinction between rehabilitation (improving condition of a
value towards a target that is not necessarily pre-European) and restoration (returning it to a pre-European
condition). It is a distinction worth preserving.
Second, the value that we are talking about here is riparian vegetation in its entirety. This includes not only the
adult trees, but aspects of their condition or health, species composition of the canopy layer and of the
understorey, and the ecological processes that allow the community to persist in time in a sustainable way. In
other words, the environmental objective is not merely to maintain ‘x’ number of large trees per hectare, but
to ensure that the plants are in good condition, that the floristic diversity is appropriate for the site and its
intended uses, and that young plants can recruit into the population in order to replace those older ones that
will eventually die. The last process is a crucial element, as there are many locations in the Yanco System
where stock access means that young plants cannot survive (e.g. eaten or trampled), and thus eventually the
entire community will be lost as the older specimens die out.
Relevant reaches
Where the current condition of riparian vegetation is good, the environmental objective is to ‘maintain’ the
current condition, extent and composition of riparian vegetation. This objective applies to reaches 1, 2, 3, 4b,
5, 6a and 6b. In reaches with poor riparian vegetation condition (Reach 4a), the objective is to ‘rehabilitate’
instead of ‘maintain’.
Flow objectives
The water-regime requirements of different plant species that occur in the Yanco System are summarised in
Table 9. This table shows the known water-regime requirements for the four dominant riparian, aquatic and
floodplain plant taxa in the Yanco Creek system. Note that there is inevitably some inconsistency among the
various data sources for given plant taxa, and the table seeks to find a ‘common ground’ where
recommendations are not the same.
Table 9. Summary of water regime requirements of structurally dominant riparian and floodplain plant
11
species .Vallisneria spp. are used as a type-species for submerged taxa.
Component of water
regime

Vallisneria spp.
(eelgrass, tape grass,
vallis)

River Red Gum

Black Box

Tangled Lignum

Ideal time

Annual (or if variable,
inundation in winterspring to allow for
successful
recruitment)

August-December

Not known for
adults, but recession
in spring-summer
likely to be beneficial
to seedlings

Not well known for adults–
possibly summer-autumn.
Autumn-winter required for
recruitment of young
plants.

11
table based on information from diverse sources, including Murray-Darling Basin Commission (1992), Roberts and Marston (2000, 2011), Murray
Flow Assessment Tool (Young et al. 2003), Victorian Environmental Assessment Council (2006) and Rogers (2011).
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Component of water
regime

Vallisneria spp.
(eelgrass, tape grass,
vallis)

River Red Gum

Black Box

Tangled Lignum

Frequency to
maintain adults
Natural average
Minimum required

Annual
Annual

4–9 years/decade
3–7 years/decade

2–3 years/decade
1–2 years/decade

2–5 years/decade
1–3 years/decade

Duration to maintain
adults
Natural average
Minimum required

9-12 months
> 9 months

1–5 months
0.5–1 month

2–6 months
1–2 months

3-7 months
1–3 months

Maximum period
between floods to
maintain adults

0 months

<6 years

<5–10 years

<5 years

Maximum period of
inundation

Constant

<18 months

<4 months

Not known

Requirements for
recruitment of young
plants

Not well known. Can
reproduce sexually
and asexually Water
depths probably <2
m

Large flood in
winter or spring,
followed by wet
winter-spring or
shallow summer
flooding.
Inundation in
subsequent years

Not well understood.
Seedlings cannot
tolerate inundation
for >~2 months.
Ideal inundation
period is probably < 1
month. Poor
recruitment has been
noted across the M-D
Basin for many
decades.

Inundation for 10–40 days.
Note adults are intolerant of
prolonged inundation.
Inundation timing is crucial
for recruitment, as seeds
need to germinate soon
after release (in autumn).

Notes

Requires water >50
cm in summer to
avoid thermal
damage to leaves.
Water otherwise <2
m to keep leaves in
photic zone.

Optimal water
regime varies from
forests (more
frequent and
longer) to
woodlands (less
frequent and
shorter). Follow-up
floods improve
recruitment.

Adults can tolerate a
wide range of wetdry conditions, and
the understorey is
could be an
important factor is
devising the most
appropriate regime
for a given site.

Larger shrubs require longer
inundation than smaller
specimens. Shallow water
(<15 cm) required for
recruitment.

For some species (e.g. River Red Gum), periodic inundation is required to maintain adults in good condition
and to allow seedlings to establish. River Red Gum, for example, requires inundation in August to December
for between 1 and 5 months and at a frequency of between almost every year to three-or-four times per
decade. Subtle differences in water regime will contribute to differences in the density of the stand, with
more frequent watering tending to give rise to forests and less frequent watering tending to give rise to
woodlands, other things being equal. In contrast to River Red Gum, Black Box requires inundation only 2 −3
times per decade, seemingly without the seasonal element of winter-spring timing being so important, and can
survive periods without watering of up to 10−20 years, albeit with serious decreases to tree health. Criteria
such as these were used to inform the calculation of flow recommendations that aimed to provide
12
hydrological conditions that would maintain healthy communities of riparian vegetation .
Hydrological requirements such as these are suitable for the maintenance and restoration/rehabilitation of
riparian vegetation, but bankfull and overbank flows serve other ecological functions as well. For example,
they entrain organic debris that has accumulated on the banks and on the floodplain into the river, thus
providing aquatic fauna with a food supply. It is assumed that the frequency, duration and periodicity of
overbank flows required to maintain riparian vegetation is sufficient also for these other ecological processes
as well.
12

The dry periods between flows is also important to maintain vegetation health
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Different criteria are required to maintain submerged and emergent vegetation that grow in the stream
channel and on the stream benches. In these cases, the plants of interest are either obligately aquatic (e.g.
Vallisneria and Potamogeton) or else are mostly emergent reeds, rushes and sedges (e.g. Phragmites, Juncus,
Eleocharis etc).
The idea behind providing these types of flows for submerged and emergent vegetation is two-fold. First,
there is the requirement to provide periodic watering to maintain emergent taxa. Most require episodic
flooding over summer to keep the soil wet. There is good evidence that fluctuating water levels also promote
the growth of desirable taxa of emergent plants, such as Phragmites and Eleocharis, over less desirable Typha.
It was this consideration that informed the decision to aim for fluctuations of 0.1−0.2 m for the required
inundation events for emergent plants species on benches and in shallow the floodplain wetlands closely
associated with the river. Second, periodic inundation prevents colonisation of the stream channel and
benches by terrestrial plants, especially agricultural weeds. Benches that are not inundated for long periods
over winter become quickly colonised by terrestrial taxa: the winter inundation is aimed at drowning out and
preventing the colonization of aquatic habitats by non-aquatic plant species. In the case of the streambed, a
minimum depth of 0.5 m required for submerged plants will also prevent the colonization of the stream by
terrestrial taxa.

3.2

Maintain diversity and abundance of instream vegetation

Description
The water-dependent vegetation in unregulated Forest Creek (Reach 6b) differs substantially from that in
other parts of the Yanco system. Although there is still a (narrow) riparian zone of River Red Gum, Black Box
and River Cooba, a valuable component in Reach 6b is the mosaic of submerged and emergent vegetation that
has developed in the stream channel and in the very shallow areas that fringe it. In this case, the
environmental objective is to maintain the abundance and diversity of the instream and fringing vegetation. As
noted above, submerged and emergent vegetation was not an obvious feature of other reaches, except when
stock access had been controlled (e.g. in small parts of Reaches 1 and 4)
Relevant reaches
This environmental objective is only applicable to Reach 6b (unregulated Forest Creek).
Flow objectives
The thinking behind setting flow objectives for Reach 6b mirror closely those outlined above for the other
reaches in the system, with the exception that greater emphasis is given to those components of the flow
regime required to maintain obligately aquatic vegetation and emergent taxa. The same criteria of a minimum
water depth (0.5 m) to provide adequate habitat for submerged taxa and to prevent colonization by terrestrial
taxa apply here as well. Similarly, a requirement for periodic inundation of benches via a fluctuating water
regime is designed to facilitate the growth of a diverse range of emergent and amphibious taxa, such as reeds,
rushes and sedges.

3.3

Maintain a mosaic of wetlands

Description
To maintain a mosaic of wetlands of different size, shape and depth, and with different water regimes, ranging
from ephemeral to near-permanently inundated, flow regimes for the floodplain wetlands will need to vary.
The flow regime will need to include a range of commence to flows and inundation periods, in order to provide
the various wetting and drying cycles needed to support fringing River Red Gum (i.e. inundation every 1–5
years, over spring–summer) to the far less frequent inundation required for Lignum (i.e. inundation only 1–3
times per decade). Table 10 summarises the available information on environmental water requirements to
maintain broad groups of aquatic plants in wetlands of south-eastern Australia.
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Table 10. Hydrological requirements to maintain broad groups of plant types in wetlands of the Murray-Darling Basin.
A
B
Sources: Victorian Environmental Assessment Council (2006, Table 5.6) and Rogers (2011, Table 2.5). NP = information
not provided in sources
Water regime
Frequency of
inundation

Duration of
13
inundation

Timing of
inundation

Depth of
inundation

Vallisneria spp.
Triglochin spp.

Annual

12 months

Spring to summer

50-100 cm
(Permanently
flooded)

Rushes and
B
sedges

Eleocharis spp.
Cyperus spp.

Annual

2-4 months

Spring to summer

+ 20 cm
Fluctuating water
levels with
regular flooding
and drying)

ReedsB

Phragmites australis
Eleocharis spp.
Cyperus spp.

Annual

6 months

Spring to summer

+ 30 cm
(Shallow
fluctuating and
drying)

CumbungiB

Typha spp.
Juncus spp.
Eleocharis spp.

Annual

9-12 months

Spring to summer

0-200 cm
(Permanent to
regular flooding
with some depth)

RushlandsA

Juncus spp.

7-10 years per
decade

2-10 months

July to January

Not indicated

River Red Gum
forestB

Eucalyptus
camaldulensis

1 in 3 years

2-6 months

Spring to summer

NP

River Red Gum
B
woodland

Eucalyptus
camaldulensis

1 in 3-5 years

2-4 months

Spring to summer

NP

Black Box
B
woodland

Eucalyptus
largiflorens
Acacia stenophylla

1 in 10 years

2 months

Summer to
autumn

NP

Tangled
B
Lignum

Muehlenbeckia
florulenta
Atriplex spp.

1 in 3-10 years

1-6 months

Summer to spring

60 cm

Group

Typical species

Submerged
angiospermsB

Relevant reaches
The objective to maintain a mosaic of different wetland types is relevant to reaches 1, 2, 4b, 5 and 6b.
Flow objectives
The first generic recommendations for wetting and drying cycles in floodplain wetlands of inland NSW were
established by Briggs (1988). Her preliminary recommendations can be rounded out by including the findings
of research undertaken in the lower Murray-Darling Basin in the intervening two decades (e.g. Walker, Thomas
& Sheldon 1992; Walker 2006; Boon et al. 2009 etc). On this basis, we propose the following seven generic
principles for floodplain wetlands in inland south-western NSW where the intention is to return them to an
ecological condition that most resembles that occurring in pre-European times:
13

Duration of inundation relates to the period and frequency that water can/should remain on the floodplain in wetland depressions,
based mostly on conditions needed for River Red Gum and to a lesser extent for other emergent wetland plants that occur in wetlands
(e.g. rushes and reeds) and for the maintenance of sediment biogeochemistry. The duration of inundation would be achieved by bankfull
or overbank flows that fully wet the top of the bank and go out into the floodplain to various degrees (depending on elevation) and which
then fills floodplain depressions, wetlands etc. The accumulated water on the floodplain and in wetlands then slowly evaporates or drains
into the subsoil until it is 'dry' (i.e. lack of surface water) before the next flood and the next inundation period starts all over again.

The ‘duration’ of the environmental flow recommendations outlined in this report are instead, the number of days that the flow in the
river is expected to occur at that magnitude to provide for plant health and recruitment for RRG in the riparian zone, for wetlands in
floodplain depressions, and for Black Box on higher parts of the floodplain.
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•

Maintaining stable, high water levels is generally incompatible with the maintenance of high
ecological values

•

Water levels need to fluctuate seasonally

•

Temporary wetlands require periodic inundation, with periodic drawdown of water levels and
complete drying

•

Wetlands should be flooded in late winter or early spring, and remain inundated for at least three to
eight months.

•

Rates of inundation and drawdown need to be controlled

•

Multiple wetting-drying cycles may be required for environmental rehabilitation

•

Ecological connectivity among wetlands should be acknowledged and maximised

A full description of these principles is provided in Attachment B of this report. The principles apply to
situations where it is desirable – and possible – to modify water regimes to rehabilitate floodplain wetlands,
however there are a number of situations when altering a wetland’s water regime is not advised, or at least
should be undertaken with great caution (Boon et al. 2009). Examples include when:
•

potential or active acid sulfate soils are present

•

the wetland lies over shallow saline groundwater

•

there is the possibility of saline intrusions from adjacent saline water bodies

•

a high-value wetland system has evolved in response to chronic inundation

•

the introduction of a dry phase may lead to unexpected and undesirable changes in land use.

In the Yanco System, the greatest risk is to attempt to impose an ephemeral water regime on wetlands that
have been permanently inundated, often for decades. The desired mosaic of wetland types is to produce the
same mosaic of wetland types rather than restoring the pre-European condition of each wetland. Importantly,
current permanent wetlands may be retained as permanent if they are in good condition. Likewise ephemeral
wetlands may be less ephemeral and vice versa. Largely the basis of the wetland mosaic is maintaining the
current condition if it is seen to be in good condition.
Significant ecological risks may be incurred with attempts to implement a drying phase in wetlands that have
been chronically inundated and in which a particular and valued biota has established itself over time. Since
river regulation and extraction have been undertaken for over a century along the Murray, Murrumbidgee and
lower Darling Rivers, it is possible that over time permanently inundated wetlands have evolved ecological
communities that are now of high ecological value. Even though the re-instatement of a more natural wetting
and drying regime may seem theoretically desirable, in such cases any hydrological change from existing
conditions may have undesirable ecological consequences. Boulton and Brock (1999, p 150) noted that ‘Drying
of a permanent wetland usually extinguishes most of the aquatic biota and recovery is much slower than in
nearby naturally temporary wetlands’. For example, long-established populations of native fish and
amphibians could be compromised by the reintroduction of a drying phase in chronically inundated wetlands.
There may also be impacts on wetland plants, of which adverse effects on obligately submerged species are
likely to be the most significant. Ellis and Meredith (2005), for example, reported that submerged angiosperms
(e.g. Vallisneria spp.) could be killed by drying a wetland and may fail to recolonise it upon reflooding. The
following section summarizes what is known about the effects of water-level drawdowns on submerged
aquatic plants. In principle, obligately submerged taxa such as Ribbon Weed Vallisneria spp. lack welldeveloped anatomical or physiological mechanisms to withstand desiccation and should die if exposed to the
air for long periods (Brock and Casanova 2000). Salter, Morris and Boon (2008) showed that, in some brackishwater wetlands of the Gippsland Lakes in south-eastern Victoria, moderate to severe air drying reduced the
biomass of Vallisneria australis by up to 95%. This result is consistent with the findings of Rogers (2011), who
concluded that Australian Vallisneria spp. often had a growth cycle similar to that of annual species, in that if

Final Report: Yanco Creek system environmental flows study

32

the time for their canopy to develop fully was too short there was a marked decline in reproductive output and
in growth rate once reproduction had ceased. Even so, there are strong evolutionary reasons why even
submerged plant taxa should have developed some tolerance to episodic desiccation, and indeed they can
often withstand exposure to the air if they remain as thick mats on damp sediments, as shown by the repeated
lack of success of attempts to control problematic growth of submerged angiosperms by water-level
drawdowns alone.
Little is known of the hydrological requirements for obligately submerged plants to recruit sexually (Roberts
and Marston 2000, 2011; Rogers 2011), but Salter et al. (2010) showed that germination of Vallisneria australis
seed was slowed by drying and significant germination still occurred 20–30 weeks after dried seeds had been
re-wetting. The final percentage germination of seeds that had been dried and then rewetted was about twice
that of seeds that remained wet. Moreover, sediment-stored seeds germinated only after drying, which
suggests that water level drawdowns might promote germination of Vallisneria australis in the field. This result
is also consistent with the conclusions reached by Rogers (2011), who reported the presence of Vallisneria spp.
in wetlands that experienced a wide range of wetting and drying regimes, from near-permanent inundation to
regular drying.
In summary, near-permanent water is required in wetlands for obligately submerged angiosperms such as
Vallisneria spp. They can withstand episodic drawdowns of water levels, but there are likely to be strong
impacts on biomass accumulation during the following growing season. It is not clear what water regime is
required for sexual recruitment, but it is likely that asexual (clonal) spread will be extensive in many species
during the wet (inundated) phase, especially over summer when vegetative growth is fastest.

3.4

Maintain channel form and promote habitat diversity

Description
Channel form describes the size, shape and diversity of the river channel. The physical form of a river can be
described at a range of spatial scales, from the catchment to the microhabitat scale (Sear 1996), which can
each correlate with habitat types (Frissell et al. 1986). A diversity of habitat types provides the physical basis
for a diversity of biota (Treadwell et al. 2006, Newson 2002), and consequently is an important factor in
providing a healthy river. Physical features that provide habitat niches include meanders, pools, benches, bars,
bank undercuts and variations in substrate. Each of these physical features interacts with flow to create
hydraulic habitats (e.g. secondary flow structures at meanders, or areas of slack water on benches) that are
preferentially used by different biota (Sagnes, Merigoux and Peru 2008). A diversity of channel form therefore
provides a diversity of both physical and hydraulic habitats.
Field observation and inspection of cross-sections from the topographic survey of representative sites shows
the predominant physical features in the channels of the Yanco system to be deep pools and benches. The
maintenance of the pools and benches is an important geomorphic objective.
Relevant reaches
This environmental objective applies to all reaches in the Yanco Creek system unaffected by weir pools (i.e.
reaches 1, 2, 4a, 5, 6b)
Flow objectives
The physical form of a stream depends on its flow regime, the characteristics of its bed and bank sediment, the
riparian and instream vegetation, valley controls (such as confinement and valley slope), the sediment inflow
regime. The geomorphic processes and form change over time if any of the factors, for example changes in the
flow regime through regulation (Gregory, Benito & Downs 2008), removal of riparian vegetation (Simon &
Collison 2002) and interruptions in the sediment supply from upstream (Petts & Gurnell 2005).
The central management option considered in an environmental flow study is the flow regime. Maintaining
the deep pools and benches that provide the diversity of channel form in the Yanco System requires
identification and provision of critical flow components within the flow regime.
Pools and benches have been identified as ecologically important physical features by a number of authors
(Thoms, Ogden & Reid 1999, Shi, Petts & Gurnell 1999) and have become a central focus of environmental
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flow allocation studies in Australia. The role of these features in ecosystem health in the Yanco System is
described in other sections.
Bankfull flow is important for formation and maintenance of channel form and diversity (US Department of
Agriculture 2007; Knighton 1998). It is commonly used as an analog for the dominant discharge, i.e. the single
flow that determines channel features such as cross-sectional capacity (Wolman & Leopold 1957) or the flow
considered to do most geomorphic work in terms of sediment transport (Wolman & Miller 1960).
Changes in the frequency of bankfull flow are likely to lead to changes in channel form, potentially leading to
the removal of physical features important as habitats. Providing bankfull flows is therefore important to
maintain the gross channel form (i.e. the general size and shape of the channel) and in particular deep pools.
There is some evidence (Vietz et al. 2012) that bankfull flows (or flows close to bankfull) are also important for
bench maintenance.
The geomorphic and hydraulic processes leading to the formation and maintenance of benches has been the
subject of some research (e.g. Page and Nanson 1992, Vietz et al 2012), and the occurrence of large inchannel
events has been identified as important for promoting flow separation and fine-grained sediment deposition.
The flow processes required to meet the environmental objective are:
•

Maintenance of gross channel physical form and inchannel features (bankfull flow)

•

Bench maintenance flow (1 m depth over benches)

•

2
Sediment mobilisation flow (flow that generates shear stress of 1.1 N/m to mobile coarse sand that
accumulates in pools)

The flow components to achieve these flow processes are bankfull and overbank flows.

3.5

Maintain drought refuge habitat

Description
During drought periods, large areas of aquatic habitats are placed under stress, due to low or absent flows and
poor water quality. Under these conditions, species of plants and animals can become locally extinct, or suffer
declines in condition or breeding ability that severely reduce population sizes. While historically, native biota
have adapted to surviving periods of drought by developing resistance traits (the ability to survive through low
flows and poor water quality) or resilience traits (the ability to rapidly breed and spread following the breaking
of the drought).
The desirable ecological condition for refuge habitats have been identified (eWater CRC 2012):
•

areas that contain persistent water and are large enough to maintain populations

•

areas with water quality that is good enough to support species

•

areas with little or no physical disturbance

•

areas with access between habitats following the drought

The potential for species to survive droughts depends on the availability of suitable and adequate habitat for
biota to live during dry periods. Human intervention has reduced the natural ability of species to survive
drought conditions through a number of activities – reductions in flows, sedimentation of habitats, stock
access to rivers and clearing of riparian vegetation that reduce the ability to survive during the drought, and
the construction of barriers that reduce the ability to recolonise and spread following the drought.
Because of these changes, maintaining refuges during drought periods is essential if species are to continue
into the future. Many of the natural drought refuges (deep pools, off-stream wetlands) have been reduced in
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size and occurrence across the Murray-Darling landscape. The weir pools present on the Yanco Creek system
provide an opportunity to be managed as additional secure drought refuge areas.
Relevant reaches
Three of the reaches in the Yanco Creek system contain a number of weir pools with essentially no sections of
flowing water between them (i.e. the head of one weir pool coincides with the tail of the next weir pool
downstream) – Colombo Creek, Billabong Creek between Jerilderie and the confluence with Yanco Creek and
the regulated section of Forest Creek from the junction with Billabong Creek and Warriston Weir.
Flow objectives
Within each weir pool, there are three main habitat areas – fringing vegetation, open water and the sediments
at the bottom of the weir – similar to the habitats found in natural drought refuge pools. Each provides a
distinct habitat environment for different types of biota (e.g. large-bodied fish in open water and smaller fish
amongst fringing vegetation). In a natural drought refuge, as the drought progresses (assuming no flow), the
volume of water declines due to evaporation and seepage, and water quality declines as water temperatures
increase and dissolved oxygen decreases. Deeper pools may thermally stratify (warm water on the surface
and colder water below with little or no mixing), leading to further declines in dissolved oxygen in the lower
levels and the potential for algal blooms. As the volume declines, fringing vegetation becomes less inundated,
reducing the amount and suitability of habitat.
By manipulating flows into the weir pools during drought periods, it should be possible to maintain the volume
of water, and hence habitat availability, and to prevent declines in water quality. This is achieved by providing
an inflow that is at least as great as the evaporation rate, and is sufficient to prevent long periods of stagnation
and declines in water quality.
Equations to calculate evaporation rates from open waters in the Murray-Darling Basin have been derived by
McJannett et al. (2008), but require detailed knowledge and time series of water temperature, wind speed,
solar radiation and pressure, which are not available.
Criteria for achieving the flow required to prevent water quality declines during droughts are difficult to
determine. The response of individual weir pools to periods of very low inflows is likely to be quite specific to
each pool, determined by factors such as surface area, depth and aspect (due to the mixing effect of wind),
and reported flows required to prevent stratification or algal blooms are quite variable.
In the lower Darling River, Mitrovic et al. (2003, 2011) found that discharges which resulted in a flow velocity
of 0.03 – 0.05 m/sec were sufficient to prevent prolonged periods of persistent thermal stratification, which
also suppressed the development of the cyanobacteria A. circinalis blooms. Two papers by Webster et al.
(1997, 2000) showed that cyanobacterial blooms occurred in Maude Weir pool (just downstream of Hay on the
Murrumbidgee) when flows were <500 ML/day, and that blooms did not occur at flows of >1,000 ML/day.
Webster et al. didn't give a volume for the weir pool, however it is estimated to be ~5,000 ML. This means
that cyanobacterial blooms did not occur at the Maude Weir pool if the turn-over time was ~5 days, but
developed if the turn-over time exceeded ~9-10 days. Although cyanobacteria were encouraged by long turnover times of 9-10 days, shorter turn-over times instead encouraged the diatom Melosira. Short turn-over
times (i.e. larger incoming flows) created rapid mixing of the water-column from top to bottom of the weir
pool, and this allowed the relatively heavy diatoms to stay suspended in the water column rather than sinking
to the bottom and falling out of the photic zone.
At Maude Weir pool with short turn-over times (e.g. <5-7 days) cyanobacteria are selected against, as the
water column remains well mixed (i.e. does not thermally stratify) and algal cells are mixed down into the
deeper layers which, in turbid waters, are too dim for rapid growth. Under these well-mixed conditions, heavy
cells that cannot control their buoyancy, such as the very common diatom Melosira, are selected for as they
are kept high in the water-column by the turbulent flow. Conversely, long turn-over times (>10 days) allow the
water-column to stratify strongly; under these conditions, diatoms sink and cyanobacteria (e.g. Anabaena) are
selected for.
Oliver et al. (1999) worked on weir pools along the Darling. In Bourke Weir pool, cyanobacterial blooms
developed when flows were <800 ML/day. The weir pool has a volume of 4,500 ML, so this corresponds to a
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turn-over time of ~6 days. Moderate cyanobacterial populations developed at flows of 500 ML/day (= turnover time of 9 days). Both figures are reassuring similar to the ~5-7 days and ~9-10 days estimated from the
data of Webster et al.
It is important to note that the development of a cyanobacterial bloom is dependent not only on flow, but also
on the initial abundance of cells that initiate the bloom. If, for example, the initial cell number is low, it can
take 9-26 days for problematic blooms to develop in Bourke Weir pool. In other words, whether a
cyanobacterial bloom develops is not controlled only by flushing rate, but also by the size of the innoculum
and the water temperature. This may not be an important consideration for Yanco Creek system, but it does
show that long turn-over times will not automatically generate a cyanobacterial bloom.
It is therefore recommended to provide flow rates for both a 7-day and a 14-day estimated turn-over time for
the weir pools. The shorter rate (a weekly turn-over) is more likely to prevent cyanobacterial blooms, but will
require more water and could encourage a diatom bloom. The longer rate (once every 14 days) is more likely
to result in a cyanobacterial bloom, but will use less water and is likely to discourage Melosira.

3.6

Support self sustaining populations of macroinvertebrate taxa from the endangered
Lower Murray Aquatic Ecological Community and those found in mid-Murrumbidgee
wetlands

Description
Because of the paucity of data on the diversity and composition of macroinvertebrates in the Yanco Creek
system, there are no specific objectives for macroinvertebrate communities in the system. However, Yanco
Creek lies in the area covered by the “Lower Murray Aquatic Ecological Community” so that flows can be used
to help promote the survival and sustainability of that community. In addition, the upper reaches of the
system lie in the area covered by the Murrumbidgee Catchment Management Plan (MCMA 2008) and
opportunities exist to support the objectives of the plan to “protect and enhance the terrestrial and aquatic
biodiversity of the Murrumbidgee catchment in order to restore balance to the terrestrial and aquatic
ecosystems” (p. 46).
Relevant reaches
All reaches in the Yanco Creek system lie in the area covered by the “Lower Murray Aquatic Ecological
Community”, while only Reach 1 and parts of Reaches 2 and 3 lie in the Murrumbidgee Catchment
management Authority region.
Flow objectives
Maintaining or improving the macroinvertebrate community requires the maintenance of a suitable baseflow
in reaches at all times. The baseflow should be sufficient to inundate the major habitats for macroinvertebrate
production (primarily the stream bed, at least parts of woody debris and the fringing vegetation and exposed
tree roots). A variable low flow regime that sequentially inundates and exposes parts of the woody debris can
increase the productivity of algal biofilms, and hence the amount of available food (Ryder 2004).
Additional to adequate low flows, short periods of higher flows (freshes) are required to prevent the build up
of fine sediment on structural habitat at times of year when flows are low. Higher scouring flows are required
to disturb the algae/bacteria/organic biofilm present on woody debris (a major food source for
macroinvertebrates). This disturbance is believed to maintain a diversity of available food sources.
In wetlands, providing a mosaic of different wetting and drying cycles (from permanent to ephemeral) would
support the wide range of macroinvertebrate that would be found in Murrumbidgee wetlands.

3.7

Maintain and improve large and medium-bodied native fish community

Description
Medium and large-bodied fish populations have declined in many areas of the Murray-Darling Basin and this
has often been associated with river regulation and habitat removal. Several large-bodied fish are nationally

Final Report: Yanco Creek system environmental flows study

36

threatened and remain in areas where there is permanent flow and good instream habitat, such as the
Murrumbidgee River and Yanco Creek system (such as Murray Cod and Trout Cod). Delivery of appropriate
flows to stimulate movement, spawning and recruitment is important to maintain the health of existing
populations and also to stimulate recruitment and improve the abundance of exiting fish and maximise their
distribution.
Characteristics of the life history for large-bodied fish (Murray Cod, Trout Cod, Freshwater Catfish) are:
•

Cod can live for 40+ years and mature at 3-4 years for males and 4-5 years for females.

•

Adults are often associated with ‘home snags’ but move from mid-August to mid December.

•

Adult fish have moderate numbers of eggs and spawn between early October and early December.

•

Stable or rising flows are associated with spawning.

•

Female fish may partner one or more males and males guard the nest.

•

Larvae remain at the nest for 5-13 days and then may drift downstream for up to 7 days.

•

Juvenile fish settle and are often associated with snags or instream cover.

Characteristics of the life history for medium bodied fish (Golden Perch, Silver Perch, Bony Herring) include:
•

Fish can live for 25+ years and mature at 2-3 years for males and 3-4 years for females

•

Adult fish develop large numbers of eggs over winter and early spring and spawn from OctoberJanuary.

•

Increasing temperature and river flow triggers fish to spawn.

•

Eggs and larvae are pelagic and can drift downstream for up to 2 weeks

•

Juveniles settle and then disperse with upstream migration by 1+ year old fish

Relevant reaches
Large and medium bodied fish are expected to be present in all reaches of the Yanco Creek system except for
Forest Creek (Reach 6). Fish surveys are recommended to confirm the actual distribution of species in each
reach to refine the applicability of this environmental objective to reaches over time.
Flow objectives
Important flow processes to achieve the environmental objective are:
•

Stimulate key life-history processes (e.g. egg production, movement, spawning, recruitment)

•

Maximise habitat availability, snags, littoral margins, wetlands, major offstream water bodies (e.g. Dry
Lake and Mollys Lagoon)

•

Enhance juvenile dispersal and colonisation of newly available habitats and maximise fish
distributions

•

Enable threatened fishes (i.e. Murray Cod, Trout Cod, Freshwater Catfish) to complete life-history and
build resilience among these populations

The ability of fish to move to preferred habitats for feeding, spawning and recruitment is achieved with an
appropriate environmental flow. Key life-history processes (e.g. movement to spawning areas) are initiated by
appropriately timed flow events. The flow objectives are directly linked to fish outcomes with some fish being
stimulated to complete their spawning by rising flows.
Large and medium bodied fish have reasonably predictable ecological responses to environmental water
delivery. Rising spring flows will initiate movement and potentially spawning and flows should also aim to
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maximise the time for fish to find a mate, spawn and in the case of Murray Cod enhance access to suitable
spawning sites. Daily variation (e.g.+/-150 mm of bank height) also help to stimulate important ecological
processes such as migration.
The aims of the environmental flow are to:
•

promote movement of large/medium-bodied fish on the ascending limb of a flow rise

•

increase habitat availability including snags and undercuts where fish select nest sites and spawn

•

promote successful spawning, egg survival and larval dispersal.

The shape of the hydrograph (Figure 13) is provided as a guide only, the timing and minimum duration (see
table) of the flows are more important than whether there is one or several peaks.

Key

Flow component

Timing

Duration

Fish rationale

a

Winter connection

Jan-July

Continuous

Connect pools

b

Ramp up

Mid August

5-7 days

Stimulate movement

c

Inundate benches

September-October

21 days

Inundate spawning areas

d

Peak

November

7-12 days

Spawning, hatching and larval dispersal

e

Ramp down

Mid December

5-12 days

Restore connecting flows

Figure 13. Conceptual hydrograph for large and medium bodied fish species
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3.8

Maintain small-bodied generalist native fish community

Description
Small-bodied fish populations have declined in some areas of the Murray-Darling Basin but in many areas, such
as Yanco Creek, there are still strong and healthy populations of these fish. Small fish are important indicators
of functioning systems and these play an important role in a healthy and diverse fish community. Delivery of
appropriate flows to enhance, spawning and recruitment is of moderate importance to generalist species.
Flows stimulate primary production and can benefit the maintenance of small-bodied fish communities.
Characteristics of these small-bodied generalist native fish (mainly Carp Gudgeons, Flat-Headed Gudgeons,
Australian Smelt, Unspecked Hardyhead and Murray Rainbowfish) include:
•

probable life-span is 1-3 years

•

adult fish can spawn at low flows and rising flows in the main river or off-channel

•

larvae can recruit in off-channel habitats and fish move between the main channel and lagoons

Relevant reaches
Small bodied generalist fish are expected to be present in every reach of the Yanco Creek system.
Flow objectives
Important flow processes to achieve the environmental objective are:
•

stimulate key life-history processes (e.g. egg production, movement to littoral habitats, spawning,
recruitment)

•

maximise habitat availability, littoral margins, wetlands, major off stream lakes

•

enhance juvenile dispersal and colonisation of newly available habitats and maximise fish
distributions

•

enable threatened fishes(Flat-headed Galaxias) to complete life-history and build resilience among
these populations

The ability of fish to move to preferred habitats for feeding, spawning and recruitment is achieved with an
appropriate environmental flow. Key life-history processes (e.g. movement to littoral spawning areas and low
lying wetlands) are initiated by appropriately timed flow events. The flow objectives are directly linked to fish
outcomes with some fish having maximised recruitment with access to shallow littoral areas and backwaters.
Small-bodied fish are active in spring and summer, migrating, spawning and recruiting during low and rising
flows. Often these fish spawn and inhabit shallow littoral margins and stream benches and will also move into
low lying wetlands. Environmental flows for small-bodied fish can achieve their objectives (spawning and
recruitment) with frequent smaller flow peaks that increase access to shallow marginal habitat.
The aims of the environmental flow are:
•

Promote opportunities for small-bodied fish to access shallow littoral habitat or low lying wetlands.

•

Inundate stream benches, woody debris and riparian vegetation.

•

Promote successful spawning, egg survival and larval dispersal over spring and summer.

The shape of the hydrograph (Figure 14) is provided as a guide only, the timing and minimum duration (see
table) of the flows are more important than whether there is one or several peaks. Three or four pulsed flows
over spring and summer are required with 2-3 weeks between pulses.
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Key

Flow component

Timing

Duration

Fish rationale

a

Winter connection

Jan-August

Continuous

Connect pools

b

Bench inundation spike

September

5-7 days

Stimulate movement

c

Inundate benches

September-January

14 days

Inundate spawning areas

d

Recession below benches

September-January

14 days

Dispersal of young fish

e

Ramp down

January

5 days

Restore connecting flows

Figure 14. Conceptual hydrograph for small bodied generalist fish species

3.9

Maintain small-bodied native fish – floodplain specialists

Description
Some small-bodied fish can be classified as floodplain specialists which require access to floodplain wetlands
to recruit and then periodic high water access to other wetlands, or the main channel to disperse. If these
species are present (galaxiids, pygmy perch and Olive Perchlet) then they can spawn and recruit in wetlands
but they need to move among these habitats. The few data that exist suggest these fish mainly move at high
water and mostly to other wetlands rather than main river habitats. Identifying the ‘commence to flow’ for
the key wetlands is an important component of this model.
Small-bodied floodplain specialist fish populations have declined in some areas of the Murray-Darling Basin
and floodplain specialists (e.g. pygmy perch, Olive Perchlet and galaxiids) are now rarely found in large areas of
their former range. Floodplain specialists are flow dependent species that need to colonise new habitats and
spawn during over-bank flow conditions. Delivery of appropriate flows to enhance, spawning, recruitment,
dispersal and re-colonisation is of great importance to floodplain species
Characteristics of these small-bodied native fish – off channel specialists (mainly pygmy perch, Olive Perchlet
and galaxiids) include:
•

Fish can live up to 10 years.

•

Life-history of these fish is data deficient and populations have declined. Movement among offchannel habitats and along river channels is important.

•

These fish require bankfull and floodplain engagement flows once or twice per decade to disperse.

Relevant reaches
Limited data is available on the distribution of small bodied floodplain specialists in the Yanco Creek system.
These fish species are expected to be present in reaches 1, 2, 5 and 6b. Survey is recommended to confirm
presence of these species, especially in unregulated Forest Creek (reach 6b).
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Flow objectives
Important flow processes to achieve the environmental objective are:
•

Stimulate key life-history processes (e.g. egg production, movement to spawning habitats, spawning,
recruitment).

•

Maximise habitat availability, floodplain swamps, littoral margins, wetlands, major off stream lakes
(e.g. Dry and Mollys lakes).

•

Enhance juvenile dispersal and colonisation of newly available floodplain habitats and maximise fish
distributions.

•

Enable threatened fishes (i.e. Southern Pygmy Perch, Olive Perchlet) to complete life-history and build
resilience among these populations.

The ability of fish to move to preferred floodplain habitats for feeding, spawning and recruitment is achieved
with an appropriate environmental flow. Key life-history processes (e.g. dispersal among wetlands) lying
wetlands) is initiated by appropriately timed flow events. The flow objectives are directly linked to fish
outcomes with some fish having maximised recruitment with access to shallow littoral areas and backwaters.
The aims of the environmental flow are:
•

Promote opportunities for small-bodied floodplain specialist fish to move among wetlands.

•

Enable colonisation migrations of fish to newly accessible wetlands.

•

Promote successful spawning, egg survival and dispersal over spring and summer.

The shape of the hydrograph (Figure 15) is provided as a guide only, the timing and minimum duration (see
table) of the flows are more important than whether there is one or several peaks. Three or four pulsed flows
over spring and summer are required with 2-3 weeks between pulses.

Key

Flow component

Timing

Duration

Fish rationale

a

Winter connection

Jan-August

Continuous

Connect pools

b

Ramp up

September

5-7 days

Stimulate movement

c

Inundate wetlands

October-December

2-5 days

Inundate spawning areas

d

Mini recession

October-December

2-5 days

Lateral dispersal of fish

e

Ramp up

October-December

5 days

Colonisation of wetlands

f

Recession

Mid December

10 days

Drawdown to normal operations

Figure 15. Conceptual hydrograph for small bodied floodplain fish species
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4

Environmental flow recommendations

The following sections outline the approach to environmental flow determination and the reach specific
information and hydraulic modelling developed in this process.
For each reach, a summary of the environmental values is provided and lists the environmental objectives
relevant to that reach. The environmental flow recommendations are presented in a standard table format,
outlining the timing, magnitude, frequency and duration of each environmental flow recommendation. The
rationale for each recommendation is provided in the right columns of the table. A typical cross section from
the hydraulic model is also presented to illustrate the different habitat inundated with each environmental
flow recommendation.
The performance of environmental flow recommendations against the current flow regime is also provided for
each reach, followed by a discussion of the potential ecological risks associated with not achieving (or over
achieving) the flow recommendations.

4.1

Approach to determining environmental flows

Locations of survey cross sections for each selected site were identified by the Technical Panel, pegged and the
survey requirements specified. These cross section locations were selected to best represent the features of
the channel (pools, runs, riffles, benches etc) in the hydraulic model. A total of 15 cross-sections were
surveyed at four of the six representative reach sites.
The approach to the survey, hydraulic modelling and environmental flow determination for the reaches are
discussed in the following sections.
Environmental flow assessment sites
One stretch of river was identified in each reach for detailed investigation. These ‘sites’ are selected on the
basis that they are representative of the features that are characteristic of each reach. Detailed crosssectional surveys were undertaken at four sites to enable a hydraulic model of the river channel to be
developed. This model was used by the Technical Panel to help relate river flow to physical, chemical,
biological and ecological processes in the river. The information provides the foundation for the development
of environmental flow recommendations for each site.
The representative site for each reach was selected by the Technical Panel during a field inspection of a range
of potential sites (Table 2 and Table 11). A number of sources of survey information (both existing and newly
acquired for this study) were consolidated to set up hydraulic models for each reach, including LiDAR,
bathymetric survey of weir pools and cross section survey carried out using total station and differential GPS.
Table 11. Representative sites for study reaches
Reach

Site description

Primary source (in channel)

Supplementary source (floodplain)

1

Yanco Creek at Devlins Bridge

Cross section survey

LiDAR

2

Yanco Creek at Yanko Bridge

Cross section survey

LiDAR

3

Colombo Creek weir pools

Bathymetric survey

LiDAR

4a

Mid Billabong Creek at Brick Kiln

Cross section survey

LiDAR

4b

Mid Billabong Creek weir pools

Bathymetric survey

LiDAR

5

Lower Billabong Creek at Millabong

Cross section survey

LiDAR

6a

Forest Creek weir pools

Bathymetric survey

LiDAR

6b

Forest Creek at Peppinella

LiDAR

LiDAR
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Hydraulic modelling
Hydraulic modelling is used to simulate and assess the way that water behaves in the physical environment.
The models are based on the physical size and shape of the waterway (or weir pool) and allow for quick and
easy analysis of multiple variables (depth, velocity, shear stress, etc.) at any chosen flow rate.
Two different approaches to modelling were taken for this study based upon the predominant behaviour of
the reach (i.e. free flowing or weir pool dominated):
•

Free flowing reaches (majority of the system) were modelled using feature survey and a onedimensional hydraulic model (details below)

•

Weir pool dominated reaches (Colombo Creek, middle Billabong Creek below Jerilderie, regulated
Forest Creek) were modelled using LiDAR (details below)

Free flowing reaches
Proportionally more points were surveyed in the low flow channel than in the floodplain (Figure 16) in order to
ensure a greater level of confidence in low flow recommendations which are often the most problematic and
contentious in environmental flow determinations. The cross‐section survey was then imported into the digital
terrain modelling package 12D, which was then used to generate a one dimensional hydraulic model (HEC RAS)
of the surveyed site.

Figure 16. Survey cross section (lower Billabong Creek, chainage 623) showing feature survey to top of bank (note
concentration of points in low flow channel and benches as compared to channel banks) and supplementary LiDAR survey
into the floodplain.

There are three primary variables in HEC RAS modelling:
•

Channel geometry (from survey data)

•

Upstream and downstream boundary condition (rating curve from gauge or slope)

•

Hydraulic roughness (Manning’s n).

Upstream and downstream slope was used for boundary conditions, as calculated from the longitudinal profile
(LiDAR or feature survey). Table 12 lists the boundary condition and hydraulic roughness adopted for the
hydraulic model. These parameters were adopted on the basis of field observations and results from various
model calibration runs.
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Table 12. Hydraulic parameters adopted in HEC RAS model of reaches in the Yanco System
Boundary condition
Reach

Manning’s roughness (n)

Downstream

Upstream

Channel

Floodplain

1. Upper Yanco Creek

0.0002

0.0002

0.053

0.070

2. Mid Yanco Creek

0.006

0.006

0.090

0.12

4a. Mid Billabong Creek

0.00009

0.00009

0.060

0.070

5. Lower Billabong Creek

0.00019

0.00019

0.090

0.11

6b. Forest Creek

0.0003

0.0003

0.080

0.090

Model calibration
The water level on the day of survey and for the March 2012 flood event (as indicated by tree markings, Figure
17) was collected along with the feature survey. This allowed the HEC RAS models to be calibrated for low
flows (day of survey) and high flow (recent flood event). Flow magnitudes were taken from the nearest gauge
to each reach site.

Figure 17. Flood level indicated by tree markings (circled in red), lower Billabong Creek at Millabong (Reach 5)

The presence of instream timber, instream vegetation such as emergent and submerged plants, and riparian
vegetation, can increase the roughness of the channel and affect flow dynamics. The presence of these various
factors was modelled in three different ways at the relevant cross‐sections:
•

By increasing the Manning’s n roughness value used in the HEC RAS model simulation

•

Using blocked obstructions

Both these approaches were used to calibrate the hydraulic model to the flows and water ‐surface elevations
recorded on the day of survey and at the March 2012 flood event 14. Flows provided by the nearest gauge to
each site were daily average flows. Where instream timber cause significant blockage of the channel blocked
obstructions were used to calibrate the hydraulic model to observed water‐surface elevations.
Weir pool dominated reaches
Modelling of weir pool reaches focussed on:
•

The elevation required to engage the weir pool floodplain

•

The minimum passing flow rate required to maintain particular water quality objectives

14

Cross section survey was not collected at Forest Creek and therefore the model for this reach was not calibrated to observed water
levels. The hydraulic roughness for this reach was informed by visiting the site and comparing with findings from other calibrated sites.
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The elevation of floodplain engagement was determined using LiDAR imagery. The standard weir equation
(below) was used to determine the flow rate required to achieve floodplain engagement in the vicinity of the
weir itself.
𝑞 = 𝐶𝐻

3�
2

Where 𝑞 is the unit discharge of the weir (𝑚⁄𝑠), 𝐶 is the weir coefficient (typically 1.6) and 𝐻 is the head of
water above the weir

This approach assumes that the degree of floodplain engagement observed at the weir is indicative of the
whole weir pool. Bathymetric survey data previously collected by State Water was made available for this
study. The rating table for each weir pool (only where bathymetry was collected – not all weir pools in the
Yanco System) was used to calculate the minimum flow required to achieve a minimum residence time in each
pool. A number of assumptions were used in this approach, including:
•

Daily evaporation rates (collected from Bureau of Meteorology) for the month of January represent
the worst case (highest rate of evaporation) in the average year

•

The weir pool is mixed (i.e. residence time is proportional to total pool volume and flow rate)

This approach included:
•

Determination of elevation of floodplain engagement (LiDAR)

•

Calculate head above weir (weir geometry)

•

Calculate flow rate (weir equation)

•

Determination of weir pool area at floodplain engagement elevation (rating table)

•

Determination of volume of evaporation (daily) for January month (regional daily evaporation rate,
BoM)

•

Sum minimum flow rate and daily evaporation rate to give total minimum passing flow rate to achieve
desired flow recommendation

All models developed for this study were used in the environmental flow determination workshops with the
Technical Panel held in Melbourne on 14 and 16 August 2012.
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4.2

Reach 1: Upper Yanco Creek

Reach 1 includes the Yanco Creek and its floodplain from the Murrumbidgee River off-take at Yanco Weir to
Morundah, and including Colombo Creek upstream of the Sheepwash Weir pool (Figure 18). This reach
includes the tributaries Washpen Creek and Woolshed Creek, and numerous wetlands, including Dry Lake one of the largest wetlands in the Yanco Creek system. Flow controls in Reach 1 include:
•

Yanco weir – off-take point for Yanco Creek from the Murrumbidgee River (limited control of flows
>10,000 ML/d)

•

Mollys Regulator and Gum Hole Regulator - recently installed to assist management of the wetting
and drying cycles in Mollys and Gum Hole Lagoons and Dry Lake

•

Spillers Regulator – influences flows entering Washpen Creek

•

Tarabah Weir – distributes flows between the Yanco and Colombo creeks near the downstream end
of the reach

•

Cheverells Creek Regulator – diverts water from upstream Colombo Creek to Cheverells Creek

Figure 18. Reach 1: Upper Yanco Creek
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Summary – environmental values
Physical form
The channel and floodplain in this reach are
hydraulically well connected, with evidence
of recent floodplain inundation on the
inside of meanders downstream of the
Devlins Bridge. Channel cross-section
morphology is simple, with stable banks.
Large wood was present in the channel
(Figure 19), and is likely to be more
abundant at lower levels in the channel that
could not be seen due to high flows.
The inchannel geomorphology of the reach
was characterised by deep pools and small
Figure 19. Yanco Creek looking downstream from Devlins Bridge
benches. A number of small (<10 m long)
floodplain depressions are present
throughout the reach. Riparian vegetation in this reach appears to be well structured, in good condition and is
likely to provide substantial resistance to
erosion. Upper bank sediments at this site
were generally sandy silts.
Water dependent vegetation
At the Yanco Weir inspection site River Red
Gum (Eucalyptus camaldulensis) was the
dominant overstorey tree species with little
Black Box (Eucalyptus largiflorens) evident.
The floodplain appeared narrow but
frequently inundated, which probably
accounts for the scarcity of Black Box, a
species which requires less frequent
inundation and, in fact, is adversely
affected if watered for too long or too
frequently. A more detailed inspection at
Devlin’s Bridge also indicated a River Red
Gum dominated overstorey with a dense
and healthy understorey of diverse rushes,
reed and sedges (Figure 20).

Figure 20. Riparian zone at Devlins Bridge, showing River Red Gum
overstorey and dense and floristically diverse understorey

Under the current flow regime, it would be expected that submerged aquatic plants, especially Water Ribbons
(Triglochin procera) and Ribbonweed (Vallisneria australis), would occur in the channel (Sainty and Jacobs
1988). Neither taxon was observed during the field inspection. It is not clear why this is the case, although the
presence of carp is likely to be an important factor (Koehn, Brumley & Gehekre 2000). If this is indeed the case,
there is probably little that can be done to facilitate the recovery of submerged plants in the main channel.
Floodplain wetlands
Possum Creek complex
Possum Creek wetland complex consists of a number of lagoons totalling around 30 ha located on Yanco Creek
just downstream of the off-take. A single narrow, shallow inlet connects this complex to Yanco Creek
(currently no inlet regulator) (Webster 2007).
Gum Hole, Dry Lake and Molly’s Lagoon
Gum Hole is a small (7ha), shallow, wetland that has suffered from prolonged inundation during regulated flow
periods. A new regulator was installed in 2010 under the Rivers Environmental Restoration Program (RERP)
with the aim of restoring a more natural wetting and drying regime. Mollys Lagoon consists of two main
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wetlands totalling 9ha connected at two points to Yanco Creek via narrow, shallow inlet channels (Webster
2007). Mollys Lagoon is about four metres deep and because it is well shaded, holds water for several years.
Dry Lake is the largest (410ha) wetland in the upper Yanco Creek system. It is ephemeral and with suitably high
flows in the Yanco Creek, overflow from Mollys Lagoon makes its way into Dry Lake and the overflow returns
to the Yanco via Back and Washpen Creeks. Dry Lake typically fills to a depth of about 2 metres in SeptemberOctober and dries by April-May the following year if not topped up prior. Since regulation of the
Murrumbidgee it has filled about every 2 years. During the recent dry spell it filled in 2000 and not again until
2010. It is likely to be important for waterbird and fish habitat because of its ephemeral nature, size and
proximity to adult fish populations in the Murrumbidgee.
A second regulator was installed under the RERP program, in the main flood runner that fills Mollys Lagoon.
The first 600m of the flood runner was lowered by up to 600mm to allow environmental flows to be diverted
into Mollys Lagoon and Dry Lake at a lower Yanco Creek level. This earthwork had the unintended
consequence of reducing the flooding frequency of an ephemeral creek that runs past the Wirani woolshed.
This will be rectified by the construction of a boarded regulator on the upstream side of a road culvert in the
flood runner.
The vegetation that fringes Dry Lake: a mixture of mostly River Red Gum and some Black Box form the
overstorey. Around the moist edges of the lake were amphibious emergent taxa such as Nardoo (Marsilea
mutica) and Parrots Feather (Myriophyllum spp.); species of sedges (Carex spp,), spike rushes (Eleocharis spp.),
rushes (Juncus spp.) and Common Reed (Phragmites australis) would be expected to be present as well. White
Cypress (Callitris glaucophylla), Yellow Box and Buloke are found on the lunettes adjacent to the lake. The
exotic Lippia (Phyla canescens) was also present. Lippia is an invasive weed that it not easily controlled with
15
currently available techniques, including grazing . Lignum is abundant on the floodplain adjacent to the
discharge channel from Dry Lake.
Washpen Creek complex
Some 10 wetlands make up this complex along the Washpen Creek, covering around 90 ha, connected to the
Washpen Creek only during large, natural flood events (Webster 2007).
Aquatic macroinvertebrates
The composition and diversity of species present in the main channel in Reach 1 is likely to be similar to that
found further downstream in the mid-Yanco Creek (as the data are from Morundah at the junction of the two
reaches), consisting of species that live in open slow-flowing water, or on instream wood, instream vegetation
and fringing habitats (such as vegetation and the network of exposed roots and leaf packs along the edge of
the channel). Off stream macroinvertebrate communities in wetlands have not been sampled in the reach but
the communities are likely to reflect the results of other sampling within the Murrumbidgee area. Hardwick et
16
al. (2002 ) describe macroinvertebrate communities of Murrumbidgee billabongs as ‘biologically diverse’
with differences in assemblages between permanent, temporary and irrigation drainage water lagoons.
Native fish
Data provided by NSW Fisheries lists four fish species in Yanco Creek near Narrandera; three native (Silver
Perch Bidyanus bidyanus; Murray Cod Maccullochella peelii; and Golden Perch Macquaria ambigua) and one
non-native (Common Carp Cyprinus carpio). The low number of species previously recorded suggests a poor
fish assemblage in Reach 1 of Yanco Creek. However, due to the high degree of connectivity to the
Murrumbidgee River, especially during unregulated high flows, and due to the condition of the Yanco Creek
observed during site visits, a similar fish assemblage to that present in the Murrumbidgee River downstream of
the Yanco Weir may be expected in Reach 1 (Table 7).

15

See http://www.csiro.au/en/Outcomes/Food-and-Agriculture/LippiaBiocontrol/Lippia-in-the-Murray-Darling-Basin.aspx
Hardwick, L., Maguire, J., Foreman, M. and Frazier, P. (2002) Providing Water to Murrumbidgee Billabongs – Maximising Ecological Value. Third
Australian Stream Management Conference, Brisbane, 27–29 August.
16
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Reach 1 environmental objectives
Ecological values are influenced and/or characterised by:
•

direct connection to Murrumbidgee River, providing a link to Murrumbidgee River fish community

•

connectivity throughout the reach, providing passage to aquatic life

•

good instream habitat, including instream large wood

•

presence of a mosaic of floodplain wetlands, including Dry Lake and Mollys Lagoon

•

good structure and longitudinal continuity of riparian forest

As a result of historic development, the connection with the Murrumbidgee River is now more consistent,
resulting in the higher flows and more persistent water in Upper Yanco Creek that is characteristic of a lowland
stream. This reach of the system can be managed to maintain the high quality of the current habitat. The
environmental flow objectives for this reach focus on providing conditions suitable for improving the existing
native fish community (including Trout Cod), maintaining the condition of riparian forest vegetation and
encouraging variability of the water regimes (ranging from ephemeral to near-permanently inundated) to
maintain a mosaic of wetlands.
The environmental objectives for Reach 1 are:
•

Maintain riparian vegetation condition, extent and composition

•

Maintain a mosaic of wetlands

•

Maintain channel form and promote habitat diversity

•

Support self sustaining populations of macroinvertebrate taxa from the endangered Lower Murray
Aquatic Ecological Community and those found in mid-Murrumbidgee wetlands

•

Maintain and improve large, medium, and small-bodied (generalist and floodplain specialist) native
fish community

Information regarding the important flow characteristics to achieve each of environmental objectives is
provided in Section 3.
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Figure 21. Cross section of the Upper Yanco Creek hydraulic model (XS 670) showing the environmental flow
recommendations and habitat inundation

Reach 1 Performance and risk assessment
Environmental flow performance
The achievement of the environmental flow recommendations in Reach 1 was assessed against 99 years
(1910-2009) of the modelled ‘current flow regime’ provided by NSW Office of Water.
Baseflow performance is assessed as a percentage of the number of years that the environmental flow
recommendation is achieved (i.e. the recommended flow is equalled or exceeded on every day in the year).
The achievement of the baseflow recommendations for Reach 1 under pre-development and current flow
regimes (Table 14) indicates that while the baseflow recommendation was rarely achieved prior to river
regulation, it is achieved all the time under current management arrangements.
Table 14. Achievement of Reach 1 baseflow recommendations under pre-development and current flow regimes
Period

Pre-development (percent of years)

Current (percent of years)

Jan-Apr (lower flow season)

1%

100%

May-Dec (higher flow season)

6%

100%

Measuring the performance of freshes, bankfull and overbank flows are shown through two different
components of the flow recommendation:
•

Number of events target - expressed as the percentage of years in the flow record that the
recommended number of events is achieved

•

Duration of events target - expressed as the percentage of target events achieved that persist for the
recommended duration.

Figure 22 shows the number of events that occur in each year (during the specified flow period) for each fresh,
bankfull or overbank environmental flow recommendations. The recommended number of events is shown as
a red line on the graph. These graphs show overall moderate compliance under the current flow regime with
the recommended number of environmental flow events, in particular:
•

Moderate compliance with Fresh 450 ML/d (target 2 events / period), occurring in 56% of target years

•

Poor compliance with Fresh 600 ML/d (target 2 events / period), occurring in only 15% of target years

•

Moderate compliance with Bankfull 1500 ML/d (target 1 event / period), occurring in 69% of target
years

•

Good compliance with Overbank 2500 ML/d (target 1 event every second year), occurring 52 of 99
years.
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Bankfull
The bankfull flow maintains in channel benches, physical form and habitat diversity, and provides
opportunities for fish to disperse. Frequency and duration of bankfull flows under the current flow regime is
similar to that of the pre-development flow regime. While this flow component cannot be delivered through
regulated flows, it is important to protect this flow component to ensure that the pre-development/current
frequency and duration is maintained.
In this reach under the current management rules there is a low risk of not achieving the environmental
objectives associated with bankfull.
Overbank
The frequency of overbank events is similar under pre-development and current conditions. However,
sequential years of no overbank flow will result in visible signs of vegetation stress on river banks and in
floodplain wetlands (as observed through the recent drought) and lack of recruitment of juveniles. In drought
periods where overbank flows have not occurred for six years or more presents a high risk to the condition of
River Red Gum and Black Box communities. Without overbank flows fish species (such as golden perch)
requiring inter-weir and reach scale movement and recruitment (tens to hundreds of kilometres) will not have
the opportunity to complete the full life cycle.
While this flow component cannot be delivered through regulated flows, it is important to protect this flow
component to ensure that the pre-development/current frequency and duration is maintained. In this reach
under the current management rules there is a low risk of not achieving the environmental objectives
associated with overbank.
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4.3

Reach 2: Mid Yanco Creek

Reach 2 comprises the Yanco Creek and its floodplain downstream of the Colombo Creek off-take (upstream of
Morundah at Tarabah Weir), until its junction with Billabong Creek at Puckawidgee (near Conargo). Two
drainage channels (CCD and DC800) discharge from the Coleambally Irrigation district into this reach of Yanco
Creek. Structures restricting flows in Reach 2 include Tarabah Weir, Nine Mile Dam, and McCaughey Block
Dam. The Four Mile Weir on Yanko Station is in disrepair and is flooded out, even at low flows. The Nine Mile
and McCaughey Dams completely block the flow in the original Yanco Creek channel but water is diverted
around these via the Mundoora Anabranch which has an off-take structure which is in disrepair and flooded
out. The Wilson Anabranch leaves the Mundoora Anabranch near its confluence with the Yanco Creek and
rejoins the Yanco Creek about 10km downstream. There is a block dam near the end of the Wilson Anabranch
which creates a wetland. With high flows this block dam is circumvented to the north and in very high flows
such as the 2012 flood it is overtopped. Wilson Anabranch recently had a new door fitted onto the off-take
regulator so that regulated flows can be excluded from the Anabranch. Agreements have been reached with
affected landholders to transfer existing pumps from the Anabranch to the Yanco Creek.
A new fishway was completed at Tarabah Weir in 2011. This fishway opened up waterways from Boonoke
Homestead Weir and Hartwood Weir on the Billabong Creek to Berembed Weir on the Murrumbidgee River.

Figure 24. Reach 2: Mid Yanco Creek
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Summary – environmental values
Physical form
The level of flows at the time of field visits meant we could not observe bed and lower bank features and
characteristics. Where possible we inferred these from hydraulic and physical forms visible above the water
surface. The physical form of the site was diverse, with a number of benches. The upper banks were steep, and
there was evidence of active erosion forming undercut banks (Figure 25).

a.

b.

Figure 25. Undercut bank (a) and range of horizontal surfaces on far bank (b).

Riparian vegetation
The field site inspected in Reach 2 is just upstream of Yanco Bridge (Kidman Way). The riparian zone here was
dominated by River Red Gum and River Cooba (Acacia stenophylla). Black Box or Lignum (Muehlenbeckia
florulenta) were not observed at the site, nor were submerged aquatic plants seen in the main channel of the
river. Black Box and Lignum may, however, be present elsewhere along the reach. Abundant organic debris
was present along the banks and in the riparian zone and high flows would be required to entrain this material
into the main channel of the river.
The absence of submerged aquatic taxa is puzzling and again can perhaps be attributed to the presumed
presence of large populations of carp and / or the occurrence of two recent large floods (2010 and 2012).
Floodplain wetlands
There are a number of floodplain wetlands within Reach 2, including:
•

Cheverells wetland - an effluent stream. The wetland area totals around 32 ha. Vegetation consists
mainly of lignum scrubland and wallaby grass on the outer fringe of River Red Gum.

•

Silver Pines, Arrawidgee and Bundure - four wetlands totalling 58 ha make up the Silver Pines
complex, three wetlands totalling 15 ha in the Arrawidgee complex and 11 wetlands cover 36 ha in
Bundure.

•

The Frontage - this complex consists of six wetlands covering around 8 ha upstream of Kidman Way.

In addition to these documented wetlands, there are a large number of smaller wetlands scattered within the
riparian zone of the reach. This is not surprising, given its periodically high flows. These small, seemingly
ephemeral or seasonal wetlands were ~20 m from the main channel of the Middle Yanco and were vegetated
mostly with phragmites. They had no submerged or semi-emergent aquatic plant species.
Aquatic macro invertebrates
A single record of macroinvertebrate fauna has been located in the Yanco Creek system, taken at Morundah in
1998 and part of the First National Assessment of River Health (FNARH). The data shows a typical community
found in slow flowing lowland rivers (Table 15).
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Table 15. Macroinvertebrate fauna found in Yanco Creek in 1998

Native fish
A similar fish assemblage to that present in Reach 1 is expected at Reach 2 (Table 7), based upon the similar
condition of riparian zones, flow characteristics and densities and complexities for instream woody debris
(snags) estimated during site visits. The Yanco Creek at Reach 2 may be considered to offer instream habitat
characteristics of good to very good quality for native fish, albeit that the stream is relatively narrow (30-40m)
and shallow (<2m), with deeper holes expected at meander bends. Even at low flows, the Yanco Creek at
Reach 2 appears to maintain a diversity of flow velocities, and it is this hydrodynamic variability (faster flow
and slower flowing areas), that are likely to support a greater diversity of fish species than for Reaches that
exhibit reduced hydrodynamic diversity. Accordingly, maintaining the ‘free flowing’ hydrodynamics as
observed at Reach 2, particularly during low-flow magnitudes, is essential to support a high diversity of native
fish species. The numerous backwater lagoons observed at Reach 2, (i.e. at Pine Ridge) likewise increase the
diversity of habitats available to fish at Reach 2. In low flow periods, it is apparent that several, if not the
majority of permanently inundated backwaters retain water and viable fish habitats. Whilst it may be
desirable to restore a degree of partial drying to such habitats to reinstate successional processes, it is likely
that the permanent backwater habitats offer refuge to a different suite of species than are likely to occur in
the Yanco Creek. Accordingly, such habitats may be important refuges for off-channel specialist species during
low-flow or drought periods.
Reach 2 environmental objectives
Ecological values are influenced and/or characterised by:
•

direct connection to Reach 1 and the Murrumbidgee River

•

connectivity throughout the reach, providing passage for aquatic life

•

extensive floodplain wetland complexes

•

extensive riparian forest (longitudinal and lateral)

•

good instream habitat, including instream large wood

Due to the connection with Reach 1 and the Murrumbidgee River via the fishway at Tarabah Weir, the reach
can be managed as a typical lowland stream with a high level of health. As with Reach 1, the main reason for
this is the high quality of the current habitat. However, Reach 1 appears to provide more suitable fish nursery
habitat, due to the higher density of larvae coming from the Murrumbidgee River. The objectives provide for
improving the existing native fish and invertebrate community, maintaining the condition of extensive riparian
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vegetation and encouraging variability of the water regimes (ranging from ephemeral to near-permanently
inundated) to maintain the existing mosaic of wetlands.
The environmental objectives for Reach 2 are:
•

Maintain riparian vegetation condition, extent and composition

•

Maintain a mosaic of wetlands

•

Maintain channel form and promote habitat diversity

•

Support self sustaining populations of macroinvertebrate taxa from the endangered Lower Murray
Aquatic Ecological Community and found in mid-Murrumbidgee wetlands

•

Maintain and improve large, medium, and small-bodied (generalist and floodplain specialist) native
fish community

Reach 2 environmental flow recommendations
Environmental flow recommendations to achieve the environmental objectives for the mid Yanco Creek are
summarised in Table 16 and also shown graphically in Figure 26.
Table 16. Environmental flow recommendations for Mid Yanco Creek (Reach 2)
Period

Flow
component

Magnitude

Frequency

Duration

Objectives achieved

All year

Baseflow

200 ML/d 21

Continuous

Continuous

Provides conditions and habitat suitable
for large-bodied fish movement 22.

250 ML/d

3 / period

1 day

Inundates instream large wood to sustain
biofilms on wood.

350 ML/d

2 / period

14 -21 days

Provides conditions for small bodied fish
23
movement and spawning .

800 ML/d

1 / period

2 – 5 days

Maintains in channel benches, physical
form and habitat diversity.

1-2 days

Preserve and maintain vegetation in and
surrounding billabongs and floodplain
wetlands (includes rushes, reeds, sedges
and River Red Gum forest and Black Box
communities).
Inundate wetlands to provide conditions
suitable for dispersal and breeding of small
bodied fish and floodplain specialist
species.

Dec - Feb
Freshes
Aug - Dec
Sep - Dec

Sep - Dec

Bankfull

Overbank

1000 ML/d

1 / every
third year

21

While the baseflow recommendation is expressed as a constant minimum flow rate, it is critical that there is variability within the
provision of this recommendation (i.e. water level fluctuations). Constant water levels in the system favour the proliferation of Typha
(Cumbungi) and also create notches in the banks, leading to simplification of channel form and reduction in bench habitat.
22
800mm depth of water over runs, >1.5m depth in deepest refuge pool
23
400mm depth over inchannel benches
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It is likely that a fish community dominated by generalist species (e.g. carp gudgeons and non-native fish) are
favoured under the static water conditions, where there is little flow variability. Fish which require greater
flow variability (e.g. golden perch) are unlikely to complete the full life cycle.
Bankfull
The bankfull flow maintains in channel benches, physical form and habitat diversity, and provides
opportunities for fish to disperse. Frequency and duration of bankfull flows under the current flow regime is
similar to that of the pre-development flow regime. While this flow component cannot be delivered through
regulated flows, it is important to protect this flow component to ensure that the pre-development/current
frequency and duration is maintained.
In this reach under the current management rules there is a low risk of not achieving the environmental
objectives associated with bankfull.
Overbank
The frequency of overbank events is similar under pre-development and current conditions. However,
sequential years of no overbank flow will result in visible signs of vegetation stress on river banks and in
floodplain wetlands (as observed through the recent drought) and lack of recruitment of juveniles. In drought
periods where overbank flows have not occurred for six years or more presents a high risk to the condition of
River Red Gum and Black Box communities. Without overbank flows fish species (such as golden perch)
requiring inter-weir and reach scale movement and recruitment (tens to hundreds of kilometres) will not have
the opportunity to complete the life-history.
While this flow component cannot be delivered through regulated flows, it is important to protect this flow
component to ensure that the pre-development/current frequency and duration is maintained. In this reach
under the current management rules there is a low risk of not achieving the environmental objectives
associated with overbank.
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4.4

Reach 3: Colombo Creek

Reach 3 comprises Colombo Creek, an effluent of the Yanco Creek upstream of Morundah, which discharges
into the Billabong Creek downstream of Cocketegedong Weir. A number of weirs regulate flows for private
diversions, and this reach encompasses the weir pool influenced sections of Colombo Creek.

Figure 29. Reach 3: Colombo Creek

Summary – environmental values
Physical form
At the site on the Urana-Jerilderie Road Colombo Creek has a regular, relatively homogenous cross-sectional
form (based on the area of the channel that was above the water surface and could be observed. The banks
were shallow, with no evidence of active erosion (despite recent high flows). There was no visible evidence of
pools or benches or other active channel physical diversity, but the presence of macrophytes on the channel
margin indicates the potential presence of benches or other horizontal surfaces.
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Bank sediment at the site was
predominantly sandy silts,
with some gravels (Figure 30).
It was not possible to observe
bed sediments due to the
level of flow, but they are
likely to be similar to the bank
sediments, given fine grained
nature of sediment observed
in transit.

Figure 30. Typical upper bank sediments at the Urana-Jerilderie Road site

Chesney’s weir on Colombo
Creek has failed and is in the process of being outflanked by headward erosion. The structure appeared to still
be impounding water at the level of the concrete base of the structure. Upstream of the weir the water was
sluggish, with no observable flow velocity. It is likely that sediment deposition has occurred in this reach (and
other similarly impounded reaches in Colombo Creek and elsewhere in the Yanco system). The significant
hydraulic control provided by multiple impounding weir structures has implications for the effectiveness of
environmental flows in these reaches.
The meander immediately downstream of Chesney’s weir has a sheer outer bank and appears to be migrating
across the floodplain. Red Gums of various ages and sizes are scattered on the banks downstream of the weir;
they are providing some control on lateral migration in discrete locations, but are sparse and unlikely to
provide much resistance at the reach scale. An area of fast flow is present at the meander, indicating a shallow
area of the channel in this location.
Riparian vegetation and floodplain wetlands
Inspections at three sites along the reach (Urana-Jerilderie Road; Colombo Creek ski club; and near Morundah
Station) indicated that the main channel was almost permanently inundated and a riparian zone dominated by
Cumbungi (Typha spp.). The water present was highly turbid and some Azolla was present floating on the
surface (Figure 31).
There is similarly little or no
appropriate information
available on vegetation
types or required water
regimes for floodplain
wetlands in this reach,
although a number of small
floodplain depressions,
presumably inundated by
high river flows, were seen
during the field inspection.

Figure 31. Colombo Creek at Urana-Jerilderie Rd.

Aquatic macroinvertebrates
There are no data on aquatic macroinvertebrate fauna for the reach. Because of the presence of permanent
or near permanent water in weir pools, the composition and diversity of species present should be typical of
deep very-slow flowing or still lake systems with thick fringing vegetation. These can be divided into four
groups, based on the four main habitats in weir pools – the littoral zone, the deep bed, the open water and the
water surface.
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In the Colombo Creek weirs, the littoral zone consists primarily of dense beds of emergent vegetation such as
Typha. This provides a complex habitat (leaves, stalks and detritus) with large abundances of food for
invertebrate grazers (particularly algae growing on the surface of the vegetation), but also provides shelter
from predation by large fish. This harbours the most diverse fauna, with the most common forms of
macroinvertebrates found here are gastropods (snails), caddisfly larvae, mayfly larvae, dragonflies and beetles.
The deep bed is predominantly silt or organic material and is home to burrowers (e.g. worms, dipteran larvae).
In the open water habitat, free swimming species such as Hemiptera (e.g. water boatmen) feed on the
abundant planktonic microfauna (e.g. Daphnia). Wood debris in the weir also provides abundant habitat for
species that dwell on hard surfaces, including taxa that specifically favour wood as habitats (e.g. some beetles).
The water surface is home to specialised macroinvertebrates, such as water striders and whirligig beetles
which are adapted with either flattened feet to utilise the surface tension, or water-repellent cuticles.
While the fauna of the weir pools in Colombo Creek is unknown, the healthy stands of macrophytes, persistent
water levels and good water quality, would suggest that a healthy and diverse fauna would be found there.
Native fish
Data provided by NSW Fisheries lists seven fish species collected in Colombo Creek near Morundah; three
native (Carp Gudgeon Hypseleotris sp; Murray Cod Maccullochella peelii; and Australian Smelt Retropinna
semoni) and four non-native (Common Carp Cyprinus carpio; Goldfish Carassius auratus ; Eastern Mosquitofish
Gambusia holbrooki; and Redfin Perca fluviatilis ). Weir pools dominate the habitat characteristics throughout
Reach 3, except most probably for immediately downstream of each inchannel weir, where flow velocity, even
at the low flows observed during the site visit, was moderate to high. Accordingly, the fish community is most
likely to reflect that typical of weir pools, except for immediately downstream of each weir, where migratory
species may have accumulated, or species that exhibit an affinity for flowing habitat are present (e.g. MurrayDarling Rainbowfish, Silver Perch etc.). Due to the prevailing lack of hydrodynamic diversity, the overall
species assemblage is however likely to be reduced as compared to that expected at Reaches 1 and 2.
Accordingly, eight native and four non-native fish may be expected at Reach 3 (Table 7).
Each main channel weir in Reach 3 poses an impassable barrier to upstream fish movement at low flows. Such
barriers limit the colonisation potential, and rehabilitation opportunities for populations of migratory species
throughout Reach 3 and into upstream reaches from further downstream. As such, it is likely that the
population structure for the large-bodied migratory species at Reach 3 is fragmented, or, that those species
are only present at very low abundances. Provision of fish passage at impassable instream barriers is likely to
offer the greatest rehabilitation opportunity for migratory fish, which are most of the large-bodied native fish,
and some small bodied species at Reach 3. As for reaches 1 and 2, a thorough fish survey is recommended at
Reach 3 to increase understanding of the potential impacts and benefits of future flow management
interventions to enhance native fish.
Reach 3 environmental objectives
Ecological values are influenced and/or characterised by:
•

Permanent water present in weir pools, providing drought refuge and waterbird habitat

•

Thick cumbungi (Typha spp) fringe

•

Short fast water habitats at block bank/weirs

The diversion of irrigation water down Colombo Creek means that the weirs will fill every year and be full while
there is flow through the system. Losses can be expected to be small over the colder non-irrigation season
meaning that water will be essentially permanent through most normal and wet years, and will be present at
the start of any dry year when irrigation releases may be lower, and flows in the remainder of the Yanco
system may also be reduced. The pools represent an excellent example of a drought refuge, being predictably
in good condition prior to the onset of dry periods.
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The environmental objectives for Reach 3 are:
•

Maintain riparian vegetation condition, extent and composition

•

Maintain drought refuge habitat

•

Support self sustaining populations of macroinvertebrate taxa from the endangered Lower Murray
Aquatic Ecological Community and found in the mid-Murrumbidgee wetlands

•

Maintain and/or improve large, medium and small-bodied native fish community

Reach 3 environmental flow recommendations
Environmental flow recommendations to achieve the environmental objectives for Colombo Creek are
summarised in Table 18. Note: freshes and bankfull flows are not discussed in this reach as they are not
specifically required to meet the environmental objectives outlined above.
Table 18. Environmental flow recommendations for Colombo Creek (Reach 3)
Period

Flow
component

All year
Baseflow 24

Magnitude

Frequency

Duration

Objectives achieved

Maintain
weir pools

Continuous

Continuous

Maximise habitat potential in weir pools
for macroinvertebrates, fish and water
birds.

55 ML/d

Continuous

Continuous

Prevent water quality decline in weir pools
– 14 day residence time.

105 ML/d

Continuous

Continuous

Prevent water quality decline in weir pools
– 7 day residence time.

4 days

Preserve and maintain vegetation in and
surrounding billabongs and floodplain
wetlands (includes rushes, reeds, sedges
and River Red Gum forest and Black Box
communities).
Inundate wetlands to provide conditions
suitable for dispersal and breeding of small
bodied fish and floodplain specialist
species.

Sep – May

Sep - Dec

Overbank

1600 ML/d

1-2 / every
ten years

Reach 3 performance and risk assessment
Environmental flow performance
The achievement of the baseflow recommendations for Reach 3 under pre-development and current flow
regimes (Table 19) indicates that while the baseflow was rarely achieved prior to river regulation, the required
flow is achieved all the time under current management arrangements.
Table 19. Achievement of Reach 3 baseflow recommendations under pre-development and current flow regimes
Baseflow

Period

Pre-development (percent of years)

Current (percent of years)

55 ML/d

Sep-May

4%

100%

105 ML/d

Sep-May

4%

100%

24

While the baseflow recommendation is expressed as a constant minimum flow rate, it is critical that there is variability within the
provision of this recommendation (i.e. water level fluctuations). Constant water levels in the system favour the proliferation of Typha
(Cumbungi) and also create notches in the banks, leading to simplification of channel form and reduction in bench habitat.
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4.5

Reach 4: Mid Billabong Creek

Reach 4 covers the Billabong Creek between its junctions with Colombo Creek and Yanco Creek (Figure 34) as
well as the section of Colombo Creek up to Cocketgedong weir. It flows through, and provides water to, the
town of Jerilderie. There are numerous weirs (private and operational) along this section of the creek,
including near the end of the reach, Hartwood Weir, which controls the distribution of flow in to the Lower
Billabong Creek (Reach 5), and Forest Creek (Reach 6).
This reach can be split into two sub-reaches - upstream of Jerilderie where the creek is not influenced by
instream weirs; and downstream of Jerilderie where Billabong Creek is dominated by weir pools and has good
instream habitat and connected riparian zone.

Figure 34. Reach 4: Mid Billabong

Summary – environmental values
Physical form
In Reach 4a (upstream of Jerilderie) the channel is broad, with a generally asymmetric cross-section profile.
There is a steeper bank on one side of the channel and a shallower, broader bank on the opposite side of the
channel. The inchannel form is characterised by deep pools interspersed with shallower runs, and benches at a
variety of elevations in the channel.
The bank profiles alternate throughout the study reach, with each bank transitioning from a steeper bank
angle to a shallower angle and then back to a steeper angle. The variability in bank angle does not appear to be
related to the channel planform, which is straighter in this reach than other sites in the Yanco system. It is
likely this physical form is the product of long term erosional adjustments.
In Reach 4b (site - Old Coree Station), the channel had a similar physical form, although the alternating bank
profiles were not as obvious. Flow in this area is heavily influenced by weir pools.
Riparian zone and floodplain wetlands
Reach 4a (Figure 35) has small and narrow beds of Cumbungi which are seen on one of the many low benches
in the river, and the riparian zone is a healthy band of tall, adult River Red Gum with an understorey that
includes Lignum and, at least at this site, few or no Black Box. Black Box, however, was present in the inside
bends of other parts of the reach. There was evidence of River Red Gum recruitment along at least one bank of
the river (Figure 35b). All these factors lead to the conclusion that riparian vegetation in this reach is in
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relatively good ecological condition, brought on in large part by the presence of some variability in flows.
However, intensively grazed areas were apparent upstream of Jerilderie, and intensive grazing will prevent
River Red Gum from recruiting.

a.

b.

Figure 35. Middle Billabong Creek at reach 4a (a) and the band of River Red Gum regeneration (b)

In reach 4b at Old Coree Station (Figure 36) riparian
zone grazing had been removed for at least 18 months.
Behind a bank-side fringe of River Red Gum lay a wide
band of healthy and large Black Box with a complex
grassy understorey, and with some very healthy Nitre
Goosefoot present as well. Cumbungi and Common
Reed were absent from the river banks at this site,
presumably as a result of scouring during the last big
floods. The excellent condition of the riparian zone in
this site can be compared with the bare river banks
evident in the upper right-hand side of Figure 35a, an
area that is still grazed.

Figure 36. Riparian zone at Old Coree Station when stock
have been removed

Aquatic macroinvertebrates
There are no data on aquatic macroinvertebrate fauna for the reach. The composition and diversity of species
present in the main channel in Mid Billabong Creek is likely to be similar to that currently found in the midYanco Creek (Table 15), consisting of species that live in open slow-flowing water, or on instream wood,
instream vegetation and fringing habitats (such as vegetation and the network of exposed roots and leaf packs
along the edge of the channel).
From a macroinvertebrate habitat view, the reach could be divided into two sub-reaches: upstream of the
influence of Jerilderie Weir, where there are no weirs, so the river runs freely, and downstream of Jerilderie
Weir which consists mainly of a series of elongated weir pools. Upstream of Jerilderie, there appears to be
little instream wood habitat, so the fauna could be expected to be a restricted composition of species that live
in flowing water, and in fringing vegetation habitats.
The composition and diversity of species present in the weir pool dominated section below Jerilderie is likely
to be similar to that currently found in other weir pool sections, consisting of species that live in open slowflowing water, silty/organic benthic habitats, on instream wood, and in fringing vegetation habitats.
Native fish
Data provided by NSW Fisheries lists nine fish species in collected in Billabong Creek near Jerilderie; five native
(Carp Gudgeon Hypseleotris sp; Murray Cod Maccullochella peelii; Golden Perch Macquaria ambigua,
Unspecked Hardyhead Craterocephalus stercusmuscarum, Freshwater Catfish Tandanus tandanus and
Australian Smelt Retropinna semoni), and four non-native (Common Carp Cyprinus carpio; Goldfish Carassius
auratus ; Eastern Mosquitofish Gambusia holbrooki; and Redfin Perca fluviatilis ).
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As noted for macroinvertebrates, Jerilderie Weir effectively dissects Reach 4 into two distinct sub-reaches; free
flowing upstream, and a series of weir pools downstream, to Hartwood weir. During regulated flows, instream
weirs are impassable to fish, except during flood flows. As such, migratory species are likely to be present at
reduced abundances, whilst generalist species such as carp, the native Carp Gudgeons and Bony Herring are
likely to be more abundant downstream as compared to upstream of Jerilderie Weir.
The habitat characteristics upstream of Jerilderie Weir were considered to be poor for native fish. Littoral
vegetation was reduced to stands consisting only of Typha sp, and submerged aquatic macrophytes appeared
to be absent. The stream bed was typically 40-50m wide and appeared shallow (<2m). The density and
complexity of snags was very low, estimated at < 5% cover and low to very low complexity. In light of these
factors, the fish assemblage data provided by NSW Fisheries near Jerilderie is likely to reflect the assemblage
typical of Reach 4 (Table 7).
Reach 4 environmental objectives
Ecological values are influenced and/or characterised by:
Upstream of Jerilderie:
• Pre-development flow inputs from
Billabong Creek unregulated section
•

Downstream of Jerilderie:
• Riparian forest with good longitudinal
continuity

Floodplain grazing

•

Weir pools that retain water through dry
periods

•

Good instream habitat

The apparent poor quality of the habitats upstream of Jerilderie limit the potential environmental benefits
from flow management within the reach. Downstream of Jerilderie consists of a series of weirs that are
disconnected under most flow conditions from the remainder of the system. The objective in the downstream
reach is to promote a largely self-sustaining fish community that can colonise other reaches during higher
flood events.
The environmental objectives for Reach 4 are:
Upstream of Jerilderie (reach 4a)
• Rehabilitate riparian vegetation condition, extent and composition
•

Maintain channel form and promote habitat diversity

•

Support self sustaining populations of macroinvertebrate taxa from the endangered Lower Murray
Aquatic Ecological Community

•

Maintain and/or improve large, medium and small-bodied native fish community

Downstream of Jerilderie (reach 4b)
• Maintain riparian vegetation condition, extent and composition
•

Maintain drought refuge habitat

•

Support self sustaining populations of macroinvertebrate taxa from the endangered Lower Murray
Aquatic Ecological Community

•

Maintain and/or improve large, medium and small-bodied native fish community

Reach 4 environmental flow recommendations
Environmental flow recommendations to achieve the environmental objectives for the mid Billabong Creek
upstream of Jerilderie (Reach 4a) are summarised in Table 20 and also shown graphically in Figure 37.
Recommendations for the weir pool dominated section of mid Billabong Creek downstream of Jerilderie are
shown in Table 21. Note: freshes and bankfull flows not discussed in reach 4b as they are not required to meet
the environmental objectives outlined.
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Table 21. Environmental flow recommendations for Billabong Creek (Reach 4b)
Period

Flow
component

All year
Baseflow

Magnitude

Frequency

Duration

Objectives achieved

Maintain
weir pools

Continuous

Continuous

Maximise habitat potential in weir pools
for macroinvertebrates, fish and water
birds.

40 ML/d

Continuous

Continuous

Prevent water quality decline in weir pools
– 14 day residence time.

70 ML/d

Continuous

Continuous

Prevent water quality decline in weir pools
– 7 day residence time.

1-2 days

Preserve and maintain vegetation in and
surrounding billabongs and floodplain
wetlands (includes rushes, reeds, sedges
and River Red Gum forest and Black Box
communities).
Inundate wetlands to provide conditions
suitable for dispersal and breeding of small
bodied fish and floodplain specialist
species.

Sep – May

Sep - Jan

Overbank

1600 ML/d

1-2 / every
ten years

Reach 4 performance and risk assessment
Environmental flow performance
The achievement of the baseflow recommendations for Reach 4 under pre-development and current flow
regimes (Table 22) indicates that while the baseflow was rarely achieved prior to river regulation, the required
flow is achieved all the time under current management arrangements during the low flow season (September
to April), and approximately half the time over the high flow / winter season.
Table 22. Achievement of Reach 4 baseflow recommendations under pre-development and current flow regimes
Baseflow

Period

Pre-development (percent of years)

Current (percent of years)

50 ML/d

Sep-Apr

4%

100%

250ML/d

May-Aug

7%

49%

Figure 38 shows the number of events that occur in each year (during the specified flow period) for each fresh,
bankfull or overbank environmental flow recommendations. The recommended number of events is shown as
a red line on the graph. These graphs show overall compliance under the current flow regime with the
recommended number of environmental flow events, in particular:
•

Very poor compliance with Fresh 250 ML/d (target 4 events / period), occurring 15% of target years

•

Poor compliance with Fresh 300 ML/d (target 2 events / period), occurring 25% of target years

•

Good compliance with Fresh 700 ML/d (target 1 event / period), occurring 81% of target years

•

Very good compliance with Bankfull 2500 ML/d (target 1 event / 2 year period), occurring 64 of 99
years

•

Very good compliance with Overbank 3000 ML/d (target 1 event / 3 year period), occurring 35 of 99
years
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present conditions of little flow variability. Fish requiring greater flow variability (e.g. golden perch) are
unlikely to complete their life-history.
Bankfull
The bankfull flow maintains in channel benches, physical form and habitat diversity, and provides
opportunities for large-bodied fish such as Murray cod and golden perch to migrate, spawn and recruit.
Frequency and duration of bankfull flows under the current flow regime is similar to that of the predevelopment flow regime. While this flow component cannot be delivered through regulated flows, it is
important to protect this flow component to ensure that the pre-development/current frequency and duration
is maintained.
In this reach under the current management rules there is a low risk of not achieving the environmental
objectives associated with bankfull.
Overbank
The frequency of overbank events is similar under pre-development and current conditions. However,
sequential years of no overbank flow will result in visible signs of vegetation stress on river banks and in
floodplain wetlands (as observed through the recent drought) and lack of recruitment of juveniles. In drought
periods where overbank flows have not occurred for six years or more presents a high risk to the condition of
River Red Gum and Black Box communities. Without overbank flows fish species (such as golden perch)
requiring inter-weir and reach scale movement and recruitment (tens to hundreds of kilometres) will not have
the opportunity to complete their life cycle.
While this flow component cannot be delivered through regulated flows, it is important to protect this flow
component to ensure that the pre-development/current frequency and duration is maintained. In this reach
under the current management rules there is a low risk of not achieving the environmental objectives
associated with overbank.
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Reach 5: Lower Billabong Creek
Reach 5 encompasses the Billabong Creek downstream of the Yanco Creek confluence and the associated
floodplain. The creek passes through the towns of Conargo and Wanganella before discharging into the
Edward River at Moulamein. There are a number of ephemeral connections with Forest Creek. A plan of the
Lower Billabong reach is shown in Figure 40.

Figure 40. Reach 5: Lower Billabong Creek

Summary – environmental values
Physical form
The channel in Reach 5 is relatively
deep, with steep (approximately 1 in
2) channel banks. The physical form
of the channel at this site was
characterised by deep pools,
shallower runs, and a variety of
benches. The landholder (Colin
McCrabb) provided photographs of
the site at low flow that showed
pools and various inchannel surfaces
(Figure 41). Large wood was present
on the banks and in the channel. The
presence of emergent reed beds in a
number of locations supported the
inference that benches and other
horizontal surfaces were present in
this reach.

Figure 41. Lower Billabong Creek at lower flow showing bed and lower bank
geomorphic features (photo courtesy of Colin McCrabb)
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Riparian vegetation and floodplain wetlands
Inspection at this site, along with the aerial
images (Figure 42) suggest the riparian zone is
narrow and dominated by River Red Gum on
the river-side banks and Black Box to the rear,
where inundation is less frequent. An
understorey of rushes and sedges was
apparent in some areas, but there was little or
no riparian vegetation in others, presumably as
a result of clearing or grazing. Common Reed
and Cumbungi were also not present at the
inspection site, although they may be present
in other parts of the reach.

Figure 42. Lower Billabong Creek. Photo taken from air during
field inspection

Aquatic macroinvertebrates
There are no data on aquatic
macroinvertebrate fauna for the reach. Because of the extensive weir pools in the reach, one could expect a
fauna typical of other mostly permanently slow-flowing lowland systems. The composition and diversity of
species present in the main channel in Lower Billabong Creek is likely to be similar to that currently found in
other weir pool sections, consisting of species that live in open slow-flowing water, silty/organic benthic
habitats, on instream wood, and in fringing vegetation habitats.
Native fish
Data regarding the structure for the fish assemblage is lacking for Reach 5. In the lower Billabong Creek, site
inspections indicate the presence of relatively high loading of large woody debris (snags) and high snag
complexity. Stream width was typically about 40m, and diversity in depths was evident, from shallow runs to
deeper (~4m) pools on the larger meander bends. Downstream of Windouran Weir, colonisation of the lower
Billabong Creek by fish from the Edward River near Moulamein is likely. Accordingly, the fish assemblage in this
sub-reach may reflect that of the Edward River. During high flow periods that drown out in-channel weirs at
Reach 5, colonisation of the rest of the reach by the suite of species that occurs in the Edward River is likely.
Based upon these factors, it is considered that a relatively diverse fish assemblage is present at Reach 5 (Table
7).
Reach 5 environmental objectives
Ecological values are influenced and/or characterised by:
•

Riparian forest with good longitudinal continuity

•

Weir pools that retain water through dry periods

•

Good instream habitat, including deep pool habitat that provides drought refuge

As with Reach 4, it would seem suitable for a wider set of lowland fish species (including Murray Cod for
example). However, as these are disconnected from the remainder of the system by upstream and
downstream weirs, the objectives for the reach is to have largely self-sustaining fish community that can
colonise other reaches if high pre-development flows drown out the weirs and allow dispersal.
The environmental objectives for Reach 5 are:
•

Maintain riparian vegetation condition, extent and composition

•

Maintain a mosaic of wetlands

•

Maintain channel form and promote habitat diversity

•

Support self sustaining populations of macroinvertebrate taxa from the endangered Lower Murray
Aquatic Ecological Community
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•

Maintain and/or improve large, medium, small-bodied (generalist and floodplain specialist) native fish
community

Reach 5 environmental flow recommendations
Environmental flow recommendations to achieve the environmental objectives for the lower Billabong Creek
are summarised in Table 23 and also shown graphically in Figure 26.
Table 23. Environmental flow recommendations for Lower Billabong Creek (Reach 5)
Period

Flow
component

Jan-Apr
Baseflow

Magnitude

Frequency

Duration

Objectives achieved

50 ML/d

Continuous

Continuous

Provides for habitat and movement of
32
large-bodied fish

200 ML/d

Continuous

Continuous

Prevents exotic vegetation colonisation
and encroachment on medium level
benches.

7 days

Inundates benches to wet emergent
vegetation (preferential conditions for
Phragmites rather than Typha).
Wets coarse woody debris providing
substratum for algae to grow.
Provides conditions for fish to feed and
33
spawn on benches .

1 / period

5 days

Large-bodied fish movement and
spawning. 34
Maintain inchannel bench form, entrains
organic matter

1 / period

2 days

Shift sediment to maintain pool habitat
35
quality

1 / period

2 days

Maintain pool habitat quality prior to start
of low flow season

2 days

Dispersal of small-bodied floodplain
specialist fish
Maintains in channel benches, physical
form and habitat diversity.

1-2 days

Preserve and maintain vegetation in and
surrounding billabongs and floodplain
wetlands (includes rushes, reeds, sedges
and River Red Gum forest and Black Box
communities).
Inundate wetlands to provide conditions
suitable for dispersal and breeding of small
bodied fish and floodplain specialist
species.

31

May-Dec

Jan-Apr

200 ML/d

4 / period

Freshes
Aug - Dec

700 ML/d

Jan-Apr
1200 ML/d
Oct

Sep - Dec

Sep - Dec

Bankfull

Overbank

1500 ML/d

3000 ML/d

1 / period

1 / every
third year

31

While the baseflow recommendation is expressed as a constant minimum flow rate, it is critical that there is variability within the
provision of this recommendation (i.e. water level fluctuations). Constant water levels in the system favour the proliferation of Typha
(Cumbungi) and also create notches in the banks, leading to simplification of channel form and reduction in bench habitat.
32
1000mm depth in runs, 1.5m depth in deepest refuge pool
33
200mm depth over benches
34
1000mm depth over benches (500 ML/d), spike flow (700 ML/d) 1400mm over benches. Duration of total peak flow ~21 days
35
2
Shear stress >1.1 N/m
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small freshes would appear to provide small-bodied fish access to littoral areas for feeding and spawning and
potentially completing their life cycle.
Good compliance with Fresh 700 ML/d will likely provide opportunity for large-bodied fish to move at within
weir scales and for some to spawn at the required times of the year. It is unknown whether fish that recruit at
landscape scales (e.g. golden perch) will be able to complete their life cycle.
Under the current flow regime there is poor to moderate compliance with the 1200 ML/d fresh that is
recommended to shift sediment to maintain pool habitat quality, in particular prior to the start of the low flow
season (October). The infrequent occurrence of these events may result in pool habitat degradation during
summer.
Bankfull
The bankfull flow maintains in channel benches, physical form and habitat diversity, and provides
opportunities for fish to disperse. Frequency and duration of bankfull flows under the current flow regime is
similar to that of the pre-development flow regime. While this flow component cannot be delivered through
regulated flows, it is important to protect this flow component to ensure that the pre-development/current
frequency and duration is maintained.
In this reach under the current management rules there is a low risk of not achieving the environmental
objectives associated with bankfull.
Overbank
The frequency of overbank events is similar under pre-development and current conditions. However,
sequential years of no overbank flow will result in visible signs of vegetation stress (as observed through the
recent drought) and lack of recruitment of juveniles. In drought periods where overbank flows have not
occurred for six years or more presents a high risk to the condition of River Red Gum and Black Box
communities. Without overbank flows fish species (such as golden perch) requiring inter-weir and reach scale
movement and recruitment (tens to hundreds of kilometres) will not have the opportunity to complete the life
cycle.
While this flow component cannot be delivered through regulated flows, it is important to protect this flow
component to ensure that the pre-development/current frequency and duration is maintained. In this reach
under the current management rules there is a low risk of not achieving the environmental objectives
associated with overbank.
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4.6

Reach 6: Forest Creek

Forest Creek (Reach 6) is an anabranch of the Billabong Creek, which diverges upstream of the Billabong and
Yanco Creeks confluence (Figure 46). Flow is regulated by the Forest Creek off-take regulator and Hartwood
weir. Wanganella Swamp is a significant environmental asset on the Forest Creek system downstream of the
Warriston weir. Recommendations in the 2006 Management Plan for Wanganella Swamp include improving
flood extents along Forest Creek and the Swamp through implementing proposed operating rules at Warriston
Weir and associated management actions (Webster & Davidson 2010).
Reach 6 has five distinct sub-reaches:
•

Regulated section from Forest Creek regulator to Warriston Weir (Reach 6a)

•

Forest Creek unregulated section (Reach 6b)

•

Eight Mile Creek from Forest Creek to Wanganella Swamp

•

Wanganella Swamp

•

Forest Creek anabranch (limited data available)

Figure 46. Reach 6: Forest Creek. Note: full extent of Forest Creek anabranch, located downstream of Wanganella, is not
shown

Summary – environmental values
Physical form
Downstream of Mortimers Weir, Forest Creek has a diverse physical form, with a range of ecologically
important features including benches and billabongs (Figure 47). There is substantial inchannel physical
diversity, with horizontal surfaces, pools and shallow runs. The channel is well connected to its floodplain, and
it is likely to inundate different geomorphic features at different flows.

Final Report: Yanco Creek system environmental flows study

83

a.

b.

Figure 47. Forest Creek downstream of Mortimers Weir. Small billabong in abandoned meander (a). Bench in main channel
(b)

The channel appears to be stable and well vegetated, with a generally silt/clay upper bank sediment
composition. The banks are relatively shallow and there was no evidence of active erosion at the site. In
contrast, the site inspected on Eight Mile Creek was in a highly degraded condition. The channel has a
homogenous channel form, with minimal riparian vegetation or inchannel large wood.
The channel appears to be aggrading: the Draft Management Plan for the Forest Creek System (Forest Creek
Working Group, 2000) noted ‘the Forest Creek system is higher in the landscape than Billabong Creek’, which is
indicative of a long-term aggradation process.
Riparian vegetation
Regulated Forest Creek (reach 6a) is a weir-pool dominated system. It has a riparian zone that is dominated by
River Red Gum and Black Box, with some River Cooba and Lignum present as well in areas furthest from the
main channel. Cumbungi is present in the Creek and along the banks. There were signs of extensive soil
pugging at the field inspection site near Warriston Weir, indicating stock access. Even so, at this site the Black
Box, Lignum and River Cooba were in excellent condition.
Downstream, at Peppinella in the unregulated Forest Creek (Reach 6b), the riparian zone and floodplain is
dominated by Black Box, River Cooba and Lignum rather than by the River Red Gum that typified most of the
other reaches, especially those closer to the Murrumbidgee River.
An inspection site at Eight-Mile Creek had long-dead River Red Gum trunks in the main channel of the river
(presumably due to episodically, but then chronically, high water levels), a lack of River Red Gum recruitment
along the banks (presumably due to grazing pressure and a lack of over-bank flows), and a healthy band
further away from the river of Black Box and Lignum. Near-bank vegetation was mostly Cumbungi, which
might reflect the relatively constant water levels when discharges do occur.
Floodplain wetlands
Wanganella
The Wanganella Swamp is located on the Forest Creek system consisting of Forest Creek, Eight Mile Creek,
Back Creek, Estuary Creek and the Forest Anabranch. The system extends some 200 km from near Conargo in
the east to Moulamein in the west (Webster and Davidson 2010). Wanganella is a flow through system (Figure
48) engaged at high river flows and spreading over 360ha before returning to the main Forest Creek channel
(FCWG 2000). Prior to river regulation, the Forest Creek system would only have received water when the
Billabong Creek was in flood (FCWG 2000).
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The Wanganella Swamp is
regarded as a significant
ecological area and is an
important feeding area for
waterbirds (FCWG 2000) and
breeding ground for various
ibis species (NSW Murray
Wetlands Working Group
2006). The Forest Creek
Working Group (2000)
describe 64 waterbird species
(colonial nesting, waterfowl,
craics and rails, raptors, grebes
and coots, terns, small waders
and reed warblers) recorded in
the Wanganella Swamp.
Brolga, Australasian Bittern,
Blue-billed Duck, Painted
Snipe, and Freckled Duck are
Figure 48. Wanganella Swamp. Photo taken from air during field inspection
all listed as ‘vulnerable’ species
under the Threatened Species
Conservation Act 1995 (FCWG 2000).
In Reach 1, the presence of the ecologically important Dry Lake wetland complex required that particular
attention be given to watering regimes suitable for the maintenance of large floodplain wetlands and the biota
they support. Similarly, critical to the downstream end of the Yanco system is the presence of Wanganella
Swamp (Figure 48). This is the largest wetland in the lower Yanco Creek system and it provides crucial
breeding habitat for a wide range of waterbirds, including those that are colonial nesters (NSW Murray
Wetlands Working Group 2006). Although this wetland has changed greatly since European colonization (e.g. it
is now more permanent than it would have been pre-1750), it is not heavily grazed and supports a wide range
of plant taxa. The 2005-2006 report by the NSW Murray Wetlands Working Group indicates that 37 plant
species have been identified at the wetland, of which 80% were native. Taxa included Giant Rush (Juncus
ingens), Cumbungi, Common Reed, Common Spike-rush (Eleocharis acuta) and Water Couch (Paspalum
distichum) in the wetland basin with a fringe of Nitre Goosefoot (Chenopodium nitrariaceum) and Lignum.
Giant Rush and Cumbungi provide particularly useful bird habitat. The 2010 report by Ecosurveys Pty Ltd
(Webster & Davidson 2010) indicated also the presence of submerged vegetation, mostly Ribbonweed.
Approximately 7 GL of environmental water was delivered to Wanganella via Forest Creek in late 2005 to early
2006. The NSW Murray Wetlands Working Group (2006) monitored the ecological outcomes of the event. A
total of 55 bird species, including migratory species, were observed along with the successful breeding of an
estimated 3000 ibis (MWWG 2006). A total of 37 aquatic and semi-aquatic vegetation species were recorded
with native species giant rush and cumbungi being used by birds for nesting (MWWG 2006).
Over 12 GL of environmental water was used to inundate the swamp during 2010/11 to sustain a significant
bird breeding event and attracting up to 13,000 pairs of Straw-necked Ibis, as well as national and
internationally listed species of waterbirds. If another large bird breeding event is triggered naturally in
2012/13 and there are insufficient inflows to support the event to its end, the Murray Valley Annual
Environmental Watering Plan for 2012/13 recommends the provision of environmental water to sustain it.
Aquatic macro invertebrates
There are no data on aquatic macroinvertebrate fauna for the reach. However, it could be expected that there
are five distinct communities in the reach – Forest Creek between the junction with Billabong Creek and
Warriston Weir (dominated by a series of weir pools) (reach 6a), the Forest Creek unregulated section (reach
6b), Eight Mile Creek between Warriston Weir and Wanganella Swamp (a relatively degraded open channel),
Wanganella Swamp and the Forest Creek Anabranch .
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Of all the reaches in the Yanco Creek system, Forest Creek the current flow regime retains aspects of the predevelopment flow regime with periods of cease to flows (although longer than historically). The unregulated
section therefore contains habitats, and probably macroinvertebrate fauna, that have disappeared from the
rest of the system. The weir pool section probably has similar fauna to upstream weir pools in Colombo Creek,
and similarly represents a drought refuge for these species in a regional sense. The fauna of Eight-Mile Creek
is unknown, but from the habitats present, is probably in poor condition. Similarly, Wanganella Swamp has an
unknown fauna, but due to the previous provision of water as a bird-breeding site, and subsequent drawdown, there is probably a significant population typical of permanent wetlands.
Native fish
There are no records regarding the structure of the fish assemblage in Forest Creek (Table 7). The highly
variable and almost ephemeral flow regime of Forest Creek is unlikely to support a diverse native fish
assemblage. Small bodied generalist species that are short lived and able to maintain self-sustaining
populations are likely to predominate, including Carp Gudgeons, Flathead Gudgeon and Australian Smelt. Carp
and goldfish are also likely to benefit from extensive inundation of littoral areas during high flow periods and it
is presumed that carp numerically dominate the Forest Creek fish community.
Information regarding the structure of the fish assemblage at Wanganella Swamp is lacking. Due to the more
permanent inundation of the Swamp under existing conditions as compared to pre-development, the lack of
deeper channel habitat and the lack of large and complex snags the native fish assemblage is most likely
limited to only a few small bodied generalist species such as Carp Gudgeon and Flathead Gudgeon. The
inundation regime, which fluctuates seasonally, would be conducive to robust populations of Carp, Goldfish
and Eastern Mosquitofish. Wanganella Swamp appears to provide conditions particularly suited to a strong
carp population. The negative impacts associated with high carp abundances, including upon aquatic
macrophyte diversity should be considered in future flow management at Wanganella Swamp.
Reach 6 environmental objectives
Ecological values are influenced and/or characterised by:
Regulated Forest Creek
• Permanent water present in weir pools
•

Thick Typha fringing vegetation

Unregulated Forest Creek
• Remnant habitat typical of pre-development physical form and flow regime
•

Diverse instream vegetation

Eight Mile Creek
• No intrinsic in-channel attributes
•

Delivery channel for water to Wanganella Swamp (although inefficient)

Wanganella Swamp
• Regionally significant bird-breeding habitat
The proposed environmental objectives for Forest Creek to be achieved through flow and complementary
management actions are:
Regulated Forest Creek (Reach 6a)
• Maintain drought refuge habitat
•

Support self sustaining populations of macroinvertebrate taxa from the endangered Lower Murray
Aquatic Ecological Community

•

Maintain and/or improve large and medium-bodied native fish community

Like Colombo Creek, the diversion of irrigation water into Forest Creek means that the weirs will fill every year
and be full while there is flow through the system. Losses can be expected to be small over the colder non-
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irrigation season meaning that water will be essentially permanent through most normal and wet years, and
will be present at the start of any dry year when irrigation releases may be lower, and flows in the remainder
of the Yanco system may also be reduced. The pools therefore represent an excellent example of a drought
refuge, being predictably in good condition prior to the onset of dry periods.
The presence of the Forest Creek regulator means that weir pool height may be more amenable to
manipulation than Colombo Creek (larger evaporation loss over winter by reducing inflows to zero). There are
opportunities to investigate the differences in fauna composition and condition between Colombo and Forest
Creek Weirs under different management scenarios for weir pools as drought refuges.
Unregulated Forest Creek (Reach 6b)
• Maintain diversity and abundance of instream vegetation
•

Maintain channel form and promote habitat diversity

•

Support self sustaining populations of macroinvertebrate taxa from the endangered Lower Murray
Aquatic Ecological Community

•

Maintain and/or improve small-bodied generalist and floodplain specialists native fish community

Unregulated Forest Creek provides habitat reminiscent of that expected in the system prior to water resource
development in the system. Unregulated Forest Creek would be largely dry for some time, with flooding from
upstream required to fill the system, and followed by a slow drawdown to remnant pools and deeper sections.
This flow regime would seem to be the case over the past few years, producing the high (apparent) quality of
the site.
Wanganella Swamp
• Enhance natural bird breeding events.
•

Maintain drought refuge for permanent wetland species

When natural high flows stimulate a bird breeding event, there is the opportunity to provide additional water
to maintain water levels for longer than would be the case if no water was provided. This could improve the
success of the breeding event (preventing chick death due to premature water level decline) or stimulate
additional breeding (more than one event in the year).
Flow requirements of Wanganella Swamp have been outlined in Webster & Davidson (2010) and Webster et al
(2012) (requirements for overbank flows to inundate Wanganella Swamp habitats for successful breeding /
habitation for indicator bird species is shown in Table 25) . It recommended reliance upon natural flooding
from the Murrumbidgee River and Billabong Creek to enter Forest Creek and find its way into Wanganella
Swamp. In dry times, supplementary watering was recommended via direct pumping from Billabong Creek.
Notwithstanding these recommendations, it is noted that Wanganella Swamp has undoubtedly become more
permanently inundated than it was in pre-European times and that the greatest ecological value (for both
vegetation and water birds) is achieved when wetlands in inland south-eastern Australia are permitted to dry
out episodically and experience fluctuating water levels when they are full. There may be conflict here
between water regimes that promote effective water-bird breeding and ones that maximise the floristic and
structural diversity of the vegetation, especially with regard to maintaining sufficiently high levels over
summer so that breeding events are not curtailed
Table 25. Timing, duration of flooding, key habitats and minimum depths required to ensure successful habitation
and/or breeding of indicator species in Wanganella Swamp (Webster et al 2012)
Key species

Timing

Minimum duration
(months)

Minimum water
depth (m)

Musk Duck
Black Swan

Spring-Summer

3-4

1

Reed beds/open
water

600 ML/day

Late WinterSummer

6-7

1

Reeds/open
water

600 ML/day
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Key species

Timing

Minimum duration
(months)

Minimum water
depth (m)

3-4

1

Lignum/spikerush

600 ML/day

Spring-Summer

Hardhead

Key habitat

Flow
required

Blue-billed Duck

Spring-Summer

3

1

Reed beds

600 ML/day

Australasian Bittern

Spring-Summer

3-4

0.5-.75

Spike-rush

600 ML/day

5-6

1

Lignum/spikerush

600 ML/day

2-3

0.1-0.3

Spikerush/macrophytes

600 ML/day

Spring-Summer

Brolga
Australian Painted
Snipe

Spring-Summer

Provision of environmental flows to Wanganella Swamp are likely to promote extensive carp recruitment.
Consideration of the impacts of increased carp abundances on aquatic vegetation is required. Additionally,
opportunities to prevent carp migration out of the Wanganella Swamp system should be considered at
structures that discharge flow from the system (i.e. McCrabbs regulator).
Note: for the purpose of the environmental flows study we have only made recommendations for the
regulated and unregulated sections of Forest Creek. These are the only reaches with active water
management potential, adequate data and knowledge of the environmental values. Environmental water
requirements for Wanganella Swamp are outlined in Webster& Davidson 2010.
Reach 6 environmental flow recommendations
Environmental flow recommendations to achieve the environmental objectives for the unregulated Forest
Creek are summarised in Table 26 and also shown graphically in Figure 49. Note: no recommendations have
been determined for Reach 6a due to lack of rating tables and weir pool survey information.
Table 26. Environmental flow recommendations for unregulated Forest Creek (Reach 6b)
Period

Flow
component

Magnitude

Frequency

Duration

Objectives achieved

All year

Baseflow

10ML/d 36

Continuous

Continuous

Channel width inundated to wet
submerged vegetation and maintain
macroinvertebrate habitat

Sep-Jan

Any

Freshes

Sep-Nov

Sep – Dec

100 ML/d

1 / period

14 days

Provides conditions for small bodied fish
to feed and spawn 37.
Maintains and promotes vegetation
diversity

500 ML/d

1 / period

5 days

Inundation of benches at different
elevations. Maintain inchannel bench
form, entrains organic matter

14 days

Provides connection between habitat
types to provide for small bodied fish
movement and spawning.
Inundation of riparian vegetation

1-2 days

Preserve and maintain floodplain
vegetation - Cooba and Black Box
Connectivity between the creek and
floodplain to provide conditions suitable
for dispersal and breeding of small bodied
fish and floodplain specialist species.

800 ML/d

Overbank

1500 ML/d

1 / period

1 / every ten
years

36

While the baseflow recommendation is expressed as a constant minimum flow rate, it is critical that there is variability within the
provision of this recommendation (i.e. water level fluctuations). Constant water levels in the system favour the proliferation of Typha
(Cumbungi) and also create notches in the banks, leading to simplification of channel form and reduction in bench habitat.
37
Full channel width inundation
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associated with achievement of objectives under the current flow regime. It is recommended that the
following data be collected (at a minimum) to improve reach understanding to enable assessment of potential
risks:
•

Hydrology – stream flow gauge or IQQM modelled data for the current operation of unregulated
Forest Creek to inform both the performance assessment and hydraulic model validation

•

Fish – surveys to determine the presence of any threatened fish species and also to identify resident
and migratory fish species present or seasonally present (e.g. during flooding) in unregulated Forest
Creek. Once the fish community is identified specific recommendations on their flow requirements
could be determined.

Final Report: Yanco Creek system environmental flows study

91

5

System-wide environmental flow opportunities and priorities

5.1

Environmental flow recommendations for system-scale processes

The previous section outlined environmental flow recommendations for each reach of the Yanco Creek
system. While these reach-scale recommendations describe the flows for each section of the creek system,
they can, at times, appear to be a disjointed way to think about managing flow to achieve regional scale
ecosystem processes throughout the system. In this section the broader environmental flow recommendations
are described for the following system-scale ecosystem functions:
•

Fish recruitment, movement and spawning

•

Riparian and wetland vegetation condition and connectivity

•

Provision of drought refuge in weir pools

The flow recommendations for these three system-wide ecosystem functions are described as they are all
processes that will not be fulfilled in isolation of flows occurring in neighbouring reaches and the upstream and
downstream systems (i.e. Murrumbidgee and Edward rivers). The system-wide recommendations do not
supersede the reach scale recommendations outlined in Section 4. Rather, these recommendations seek to
outline the opportunities to achieve landscape scale environmental objectives, many of which are reliant on
the achievement of other environmental objectives (i.e. physical form and macroinvertebrate objectives).
Fish movement, spawning and recruitment
Native fish populations have declined in many areas of the Murray-Darling Basin and this has often been
associated with river regulation and habitat removal. Several large-bodied fish are nationally threatened and
remain in areas where there is permanent flow and good instream habitat, such as the Murrumbidgee River
and Yanco Creek system (such as Murray Cod and Trout Cod). Additionally, there are still strong and healthy
populations of small bodied fish in both the Yanco and the broader Murrumbidgee systems. Small fish are
important indicators of functioning systems and these play an important role in a healthy and diverse fish
community.
Delivery of appropriate flows to maintain habitat availability and to stimulate movement, spawning and
recruitment is important to maintain the health of existing populations and to maximise their distribution. The
recommended system-wide environmental flows are:
•

Provide baseflows throughout the system to allow fish movement between local habitats (in
accordance with reach targets outlined in Section 4). This recommendation correlates to a target end
of system baseflow recommendation of 50 ML/d (Jan-Apr) and 200 ML/d (May-Dec), on condition
that the baseflow targets in the upper part of the system are also met (Table 13, Table 16 and Table
20).
Note: While the baseflow recommendation is expressed as a constant minimum flow rate, it is critical
that there is variability within the provision of this recommendation (i.e. water level fluctuations).
Constant water levels in the system favour the proliferation of Typha (Cumbungi) and also create
notches in the banks, leading to simplification of channel form and reduction in bench habitat. The
impacts of constant flow rates are currently evident in the system, for example Typha infestations in
Colombo Creek and the steep, simplified banks evident along the upper Yanco Creek.

•

Provide freshes in the upper reaches of the system connected to the Murrumbidgee fish
communities. Flow magnitude is recommended to be above 600 ML/d (Reach 1) and 350 ML/d
(Reach 2) for 14-21 days to provide conditions suitable for large-bodied fish (e.g. Trout Cod)
movement and spawning. Two events are recommended each year in the period from September to
December.

•

Provide freshes in the lower reaches of the system connected to the Edward fish communities. To
connect with the fish communities in the Edward, it is recommended that:
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•

o

During spring and summer four small freshes of 200 ML/d (7 days duration) are provided in
lower Billabong Creek (Reach 5) to increase the habitat available (above the baseflow water
level) and encourage fish to feed and spawn on benches.

o

One fresh above 700 ML/d for fish movement and spawning, preferably in SeptemberOctober with duration of 14-21 days.

o

One fresh greater than 1500 ML/d fish movement and spawning, preferably in SeptemberOctober with duration of 14-21 days.

Protect overbank flows throughout the system. Connectivity between the creek and floodplain is
important for the dispersal and breeding of floodplain specialist fish species. These overbank events
are not required as frequently as other native fish species. However, when overbank flows occur in
the Yanco Creek system it is important to protect these events to ensure that the water level is over
the top of the bank for 2-5 days.

Further detail on the important flow characteristics required to sustain populations of native fish are provided
in Section 3.7 – 3.9, and flows recommended in each reach are described in Section 4.
Riparian and wetland vegetation condition and connectivity
From the off-take from the Murrumbidgee River to where Billabong Creek connects to the Edward River, the
Yanco system supports a largely continuous band of riparian vegetation that is dominated almost entirely by
River Red Gum and Black Box (in a few locations, River Cooba is also present as a canopy-forming tree). The
system also supports both some large wetlands, as well as a large number of smaller floodplain depressions
and billabongs.
Overbank flows are important to enhance the health of the riparian and wetland vegetation communities.
These large flows are typically not ‘delivered’ rather they result from large rainfall in upstream and local
catchments. So, while largely out of the direct control of water managers and river operators, it is still
important to protect these large flows when they do occur, and also to monitor vegetation condition during
extended dry periods when there are no overbank flows.
The magnitude for the recommended environmental flows for riparian and wetland vegetation relate to the
discharge at which water begins to overtop the riverbank at the representative assessment site (Table 28). It is
anticipated that throughout the system there will be some locations where overbank flow actually occurs at
flows higher and/or lower than that recommended in Table 28.
Table 28. Flow recommendations for riparian and wetland vegetation in the Yanco Creek system
Reach
Magnitude

1

2

3

4

5

6

2500 ML/d

1000 ML/d

1600 ML/d

3000 ML/d

3000 ML/d

1500 ML/d

1 every
second year

1 every
ten years

Timing
Frequency
38

September to December
1 every
second year

1 every
third year

Duration
Notes

1-2 every
ten years

1 every
third year

Minimum 2 days duration of peak event
Many of the wetlands in the upper section of the Yanco (reaches 1 and 2) are impacted by overwatering. Flow
could be provided and/or controlled through regulators to individual wetlands. Refer to Section 7.2 for
recommendations regarding flow regulating structures.
Complementary riparian vegetation management (including stock exclusion) will be required in all reaches to
achieve environmental objectives.
Flow recommendations do not necessarily apply to environmental water management for specific wetland sites
(such as Wanganella Swamp) where complementary and additional water management actions may be required.

Riparian vegetation condition and floodplain wetlands depend not only on hydrological factors but also on
land use practices. In general, wetland plants cannot recruit successfully when subject to high and constant
38

Recommended frequency of inundation is based on the preferred inundation rates for predominant vegetation community in that
reach. Refer to Section 3.1 and 3.2 for more information on inundation frequency.
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grazing pressure, and the maintenance and rehabilitation of the system’s complex array of wetlands (large and
small) will require ancillary actions involving catchment management as well as the provision of environmental
water.
Further detail on the important flow characteristics required for riparian and wetland vegetation condition is
provided in Section 3.1 – 3.3, and flows recommended in each reach are described in Section 4.
Drought refuge – weir pools
The potential for species to survive droughts depends on the availability of suitable and adequate habitat for
biota to live during dry periods. Maintaining refuges during drought periods is essential if species are to
continue into the future. Many of the natural drought refuges (deep pools, off-stream wetlands) have been
reduced in size and occurrence across the Murray-Darling landscape. The weir pools present on the Yanco
Creek system provide an opportunity to be managed as additional secure drought refuge areas.
Environmental flow recommendations to maintain drought refuge in existing weir pools in the system are:
•

Maintain the level of water in the weir pools 39. Maintaining the water level will maximise habitat
potential for macroinvertebrates, fish and water birds during dry years. This is required in all weir
pools in the system, all year.

•

Flushing flows are recommended when water quality in weir pools declines below acceptable levels
during September to May. In these months the recommended environmental flows to prevent water
quality decline are 55-105 ML/d in Reach 3 and between 40-70 ML/d in Reach 4.

Further detail on the important flow characteristics for drought refuge is provided in Section 3.5, and flows
recommended for each reach are described in Section 4.

5.2

System-wide seasonal watering priorities

Prioritisation of environmental flows enables water managers to target specific components of the
recommended environmental water regime under a variable climate. The objectives for environmental
watering under different water availability scenarios differ depending on seasonal conditions (Table 29).
Table 29. Management objectives for environmental water use under different resource availability scenarios (adapted
from CEWO 2012)
Scenario

Environmental management objective

Hydrological character of water availability

Very dry

Avoid damage to key environmental assets

90% probability of exceedance based on historical inflows
for the catchment

Dry

Ensure ecological capacity for recovery

75% probability of exceedance based on historical inflows
for the catchment

Moderate

Maintain ecological health and resilience

50% probability of exceedance based on historical inflows
for the catchment

Wet

Improve the health and resilience of aquatic
ecosystems

25% probability of exceedance based on historical inflows
for the catchment

Very wet

Build future capacity to support ecological
health and resilience

10% probability of exceedance based on historical inflows
for the catchment

For the purpose of providing priorities for environmental flow recommendations in this study, the five
scenarios listed in Table 29 have been grouped into three categories – drier than average (very dry and dry),
average (moderate) and wetter than average (wet and very wet). While the five separate categories are useful

39

Flow rate required to maintain water level in individual weir pools will vary depending on climatic conditions (i.e. variation in
evaporation rates, days between rainfall etc) and has not been determined as part of this study due to lack of data. However, it is
expected the recommended flow to achieve this requirement be in the order of the flushing flows recommended in the following bullet
point.
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to apply on an annual water planning timescale, however to identify the broader priorities for environmental
flows at this stage of planning, these three broad categories are most suitable:
•

Drier than average conditions - low baseflow all year, extended cease to flow, very few freshes,
particularly in summer, very few or no bankfull or overbank flows.

•

Average (or moderate) conditions - achievement of most of the flow regime recommendations.
Sustained baseflow with few cease to flows and with distinct seasonal change. Regular summer
freshes, regular high flow freshes, bankfull and overbank flows.

•

Wetter than average conditions - summer baseflow and freshes similar to average years. Much
higher winter baseflow and extended high flow freshes and bankfull flows. Extended and widespread
overbank flows.

Recommended principles for seasonal watering priorities to apply to the various flow components are
presented below. The climatic seasons and priorities are described qualitatively in this section.
Baseflow prioritisation
Baseflow recommendations in free-flowing reaches provide habitat and conditions suitable for
macroinvertebrates, medium and large-bodied fish, and for the movement of small bodied fish. Baseflows also
prevent exotic vegetation from colonising middle and lower level benches. The duration and frequency of
baseflow recommendations is continuous and can occur at any time of year, or for specific environmental
objectives, at critical times of the year (for example September to April baseflow for small bodied fish
movement in middle Billabong Creek upstream of Jerilderie).
During drier than average climate conditions, the main environmental objective is to ensure the survival of
biota through until the return of normal conditions. Maintaining the amount of habitat for
macroinvertebrates and fish is critical during these times and is provided by the baseflows (Table 30).
Movement of smaller fish for breeding purposes is not critical in the short term during these times, although
after 2-3 years, a breeding event is required to maintain the species. Dry periods allow exotic vegetation to
colonise the middle and lower benches and, with fewer higher flow events, may become difficult to reverse
once wetter conditions return.
In average and wetter than average years, periods of higher flow (freshes, bankfull and overbank flows) are
able to reverse exotic vegetation colonisation, so that the priority of baseflows is lower during those times for
this objective. The objective to provide suitable habitat remains high during those times due to periods
between higher flows when habitat is reduced and water quality, in particular, may decline. Mixing small fish
populations is also important as elevated velocities during freshes may prevent or curtail movement.
Table 30. Priorities for baseflow component provision based on different water availability scenarios
Climate conditions
Flow objectives achieved

Drier than average
(very dry and dry)

Average
(moderate)

Wetter than average
(very wet and wet)

Provide habitat and conditions suitable for
•

macroinvertebrates



Very high



High



High

•

small, medium and large-bodied fish



Very high



High



High

•

movement of small bodied fish





Low (short)
Very High (2-3 years)



High



High

High



Moderate



Moderate

Prevent exotic vegetation colonisation mid- and
low-level benches
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Prioritisation of freshes
Freshes meet a multitude of environmental objectives, have specific frequency and duration
recommendations and often occur at select times of the year. Target environmental objectives revolve around
provision of conditions and habitat suitable for macroinvertebrates, and small, medium and large-bodied fish.
Maintenance of physical form including erosion of sediment from pools and instream benches is likewise
targeted by fresh flows, as is wetting and drying of instream emergent and riparian revegetation
During drier than average climate conditions, the main environmental objective is to ensure the survival of
biota through until the return of normal conditions. Freshes maintain the quality (rather than absolute
amount of habitat) for macroinvertebrates and fish, and are critical during these times (as they are rare in
summer). Movement of all fish for breeding purposes is not critical in the short term during these times,
although after 2-3 years for small fish and 5+ years for larger fish, a breeding event is required to maintain the
species.
During dry periods, erosion and sedimentation is reduced due to lower flows, thus changes to physical form
are less likely during these periods. As a result freshes for this purpose become less of a priority. The majority
of flow habitat variation is provided by freshes during dry times with persistent low baseflows.
With fewer higher flow events (bankfull and overbank flows), instream emergent and riparian vegetation rely
on freshes as a water source, but riparian vegetation in particular adapted to survive a number of years
without a watering event. But as the dry period extends, these become more important.
In average and wetter years, freshes still maintain the quality (rather than absolute amount of habitat) for
macroinvertebrates and fish, although higher baseflows reduce the priority of these flows compared to drier
periods. However, with increased sediment input over winter, maintaining the low-flow sediment regime is
important during these times. In winter, the higher seasonal baseflow reduces the ability to deposit sediment,
so the priority is lower. Freshes still provide the majority of variation in flow habitat, even in average and
wetter years.
Similarly, wetting of instream emergent vegetation is only a moderate priority because of the higher baseflow.
With more common bankfull and overbank flows, wetting of riparian vegetation due to freshes is less
important (even less so in wetter years).
Table 31. Priorities for fresh component provision based on different climatic scenarios
Climate conditions
Flow objectives achieved

Drier than average
(very dry and dry)

Average
(moderate)

Wetter than average
(very wet and wet)

Provide habitat and conditions suitable for
•

macroinvertebrates



Very High



High



High

•

small, medium and large-bodied fish



Very High



High



High

•

movement of small bodied fish






Low (short)




High

Moderate

High




Provide flow habitat diversity



High



High



High

Maintenance of physical form including
liberation of sediment from pools and instream
benches.



Moderate




High
(summer)
Moderate
(winter)

Wetting and drying of instream emergent
revegetation.




Moderate (short)
Very High (2-3 years)



Moderate

•

movement of medium and largebodied fish
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Low (short)
Very High (10+ years)






High

High
(summer)
Moderate
(winter)
Moderate
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Climate conditions
Flow objectives achieved
Wetting and drying of riparian revegetation.

Drier than average
(very dry and dry)




Low (short)
Very High (6+ years)

Average
(moderate)



Moderate

Wetter than average
(very wet and wet)



Low

Bankfull prioritisation
Bankfull flows are important for channel forming processes, in particular the creation and maintenance of the
gross channel form (width and depth) and inchannel diversity (e.g. benches and pools). In average climatic
conditions, it is the bankfull flows that determine the channel shape and features, so when they occur at a
frequency of about 1 every 1-2 years, they are critical in maintaining the channel form. With extended
elevated freshes and overbank flows, the priority of bankfull flows as such is important, but not as important
as during average conditions.
The majority of flow habitat diversity occurs at the lower flows (baseflow and freshes), but the additional
variability during dry periods elevates the priority of these flows over that of average and wetter periods.
Under average and wet conditions, the bankfull flows contribute less to flow habitat variability.
With a low frequency of freshes and overbank flows, bankfull flows that occur during dry periods may be a
critical addition to streamside vegetation watering. As the frequency of freshes and overbank flows increases
in average and wetter periods, the contribution of these flows declines. In wet periods, it is likely that bankfull
flows themselves are rare, as once the river rises to this level, it keeps rising and tops the bank, so most of the
streamside watering is due to overbank flows.
During dry periods, movement and dispersal of fish is a low priority (the main aim is survival). Extended
periods of high flow such as bankfull flows allow much wider distribution of fish species. It is expected that
much of the movement is conducted during the more common freshes, but bankfull flows add an important
scale dimension to the potential movement.
Table 32. Priorities for bankfull component provision based on different climatic scenarios
Climate conditions
Flow objectives achieved

Drier than average
(very dry and dry)

Average
(moderate)

Wetter than average
(very wet and wet)

Maintain physical form through liberation and
transport of sediments from channel benches.



Low



Very High



High

Provide flow habitat diversity



Moderate



Low



Low

Inundate streamside vegetation communities.



Very High



High



Moderate

Movement of medium and large-bodied fish and
the dispersal of smaller floodplain specialist fish.



Low



High



High

Overbank prioritisation
Under all climatic conditions, overbank flows are the only source of water to support vegetation in billabongs
and floodplain wetlands (unless there are regulators, but it is assumed that relatively few wetlands on a
regional scale will be managed in this way).
With a low frequency of freshes and bankfull flows, any overbank flows that occur during dry periods may be a
critical addition to streamside vegetation watering. As the frequency of freshes and bankfull flows increases in
average periods, the relative contribution of overbank flows declines. In wet periods, it is likely that overbank
flows contribute most of the streamside watering (as bankfull flows themselves are rare, as once the river rises
to this level, it keeps rising and tops the bank) so these are more important during wet periods.
During dry periods, movement and breeding of fish is a low priority (the main aim is survival). Overbank flows
that are not followed up by subsequent flows for juvenile dispersal will result in stranding, so for this objective,
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the priority is low. With breeding and subsequent recruitment in mind, it would seem that the wetter periods
constitutes times of maximum breeding and recruitment, so the priority of these flows may even be more
important in wet periods (although the frequency may be higher than required, it is the subsequent dispersal
flows that are important). However, if the dry period extends for 6 or more years, a breeding event is required
to maintain the species.
Table 33. Priorities for overbank component provision based on different climatic scenarios
Climate conditions
Flow objectives achieved

Drier than average
(very dry and dry)

Average
(moderate)

Wetter than average
(very wet and wet)

Support vegetation in billabongs and floodplain
wetlands



Very High



Very High



Very High

Inundate streamside vegetation communities.



Very High



High



Very High

Promote fish movement to, and breeding in,
billabongs and floodplain wetlands




Low (short)
Very High
(6+ years b/w events)



High



Very High
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6

End of system flows

The Yanco Creek system discharges to the Edward-Wakool system. The Edward-Wakool supports important
ecological values including over twenty significant flora and fauna species. Ecological values downstream of
Moulamein (where Billabong Creek discharges to the Edward River) that may potentially be impacted by the
provision of environmental flows in the Yanco system include (adapted Hale & SKM 2011) 40:
•

ecological values within the Edward River and associated wetlands

•

areas of River Red Gum, Black Box and Lignum

•

patches of wetland forest found in intermittent wetlands

•

intermittent and ephemeral streams, which when flooded can support a diversity of aquatic flora and
fauna

•

large deflation basins supporting important ecological communities

•

native fish species and is considered to be important in a bioregional context for its role in aquatic
species recruitment

•

permanent pools that provide drought refuge for native fish including threatened species such as
Murray Cod, Trout Cod, Eel-tailed Catfish and Silver Perch

•

habitat for waterbird breeding during periods of sufficient inundation

End of system flows for the Edward River are defined at Liewah (Hale & SKM 2011). Once there are proposed
flow management rules for the whole system (based on achieving environmental flow requirements outlined
in this study, as well as meeting other user needs), a greater understanding of the impact of the proposed
Yanco Creek system environmental water regime to end of system flows in the Edward-Wakool system can be
obtained. This can be achieved through assessments undertaken for revision of the Murrumbidgee WSP.
The following discussion outlines the relative contribution to the Edward Wakool system from the Yanco and
identifies the additional water that may be required to achieve the environmental flow recommendations in
lower Billabong Creek (and if what water is provided, the potential additional water discharged to the Edward
River).

6.1

Yanco system contribution to receiving waters

The Yanco system is one of many catchment sources to the Edward-Wakool Rivers. The main sources of water
in the Edward-Wakool under regulated conditions are from the River Murray via the Edward River and Gulpa
Creek, which originate in the Barmah-Millewa and from the Edward Escape, an outlet of Mulwala Canal (Hale
& SKM 2011). During high flows, the Yanco system (via Billabong Creek) is the most downstream tributary that
provides flow to the Edward River (Figure 52).
The flow regime in the Edward-Wakool has been significantly altered as a result of river regulation. The key
parts of the flow regime that have been altered are (Hale & SKM 2011):
•

a reduction in the frequency of baseflow and cease to flow events

•

a rapid rate of rise and fall in channels;

•

a reduction in the duration of moderate floods;

•

a change in seasonality of flows and a loss of freshes important for breeding cues

40

Edward-Wakool system values listed are those broadly applicable to the system as a whole (therefore potentially relevant to the Edward
River downstream of Moulamein). For further information on the location and relative value of specific assets please cite Hale and SKM
(2011)
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without modifying any aspect of current water delivery in the system, an average additional 4GL is required
annually to achieve the environmental flow requirements in Lower Billabong Creek 42.
Determination of shortfalls is, to a degree, an academic exercise at this stage of water management planning.
The assessment does not take into account the additional water that can be gained through providing greater
variability in the flow regime while still meeting customer needs, or the environmental watering priorities in
different seasonal conditions (i.e. very dry, dry, average, wet and very wet years). However, what the shortfall
volume does provide is an indication of the additional water required to meet the environmental requirements
with no change whatsoever to current operations.
At this stage of flow share planning it is difficult to determine the exact impact of the environmental flow
recommendations on end of system flows to the Edward-Wakool system. The above information (Figure 54)
gives the range of shortfall volumes potentially required (considering the environment only, not irrigation or
other diversions) should the flow regime remain unchanged, and there is a desire to achieve all environmental
objectives.
Table 34. Annual water shortfall volume for Reach 5 (Lower Billabong Creek) to achieve full environmental flow
recommendation compliance
Whole record

Very Dry

Dry

Moderate

Wet

Very Wet 43

Maximum annual shortfall (GL)

12

12

9

8

3

2

Average annual shortfall (GL)

4

9

7

3

2

1

Median annual shortfall (GL)

2

9

7

2

2

1

Minimum annual shortfall (GL)

0

8

6

0

0

0

100

10

15

50

15

10

Shortfalls (Reach 5)

Number of years assessed

Note: At this preliminary stage of flow share planning (information development) it is difficult to determine
with confidence any potential volume of water that may be required to meet the environmental objectives for
the Yanco Creek system. Only through a detailed assessment of flow share scenarios that include all users (not
just the environment) could a true approximation of additional water to meet user needs be determined. For
example through the modelling it may be found that by reducing the consistently high flows that currently
annex the recommended freshes, and using that water to deliver well timed freshes, there may be no
requirement for additional water volumes. Obviously private diverters must be considered through this
decision-making process.

42

Please note that additional water may be required to meet the environmental flow requirements in upstream reaches. Detailed
modelling of the system is required to quantify these shortfalls for all reach recommendations, and should be done while developing
revised flow management rules for the system.
43
Seasons (very wet, wet, average, dry and very dry) years were categorised using the approach outlined in Annual Water Use Options
2012-13: Murrumbidgee Catchment. p25.
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7

Next steps

This section outlines some of the considerations for implementation of environmental flow recommendations
in the system and the overall achievement of environmental objectives. The following recommendations have
been made to achieve the environmental objectives for the Yanco Creek system:
•

Explore flow share options and opportunities to implement the environmental flow recommendations
that
o

increase variability in the existing flow regime to provide recommended freshes

o

protect baseflow habitat during prolonged dry periods

o

protect end of system flows to the Edward Murray system

•

Investigate options to remove or modify high priority barriers that restrict or limit environmental flow
provision

•

Undertake complementary catchment management activities that support achievement of the
environmental objectives

•

Develop and implement an agreed monitoring and evaluation program to improve baseline
information on all environmental values, and also to determine the impact of environmental flow
provision

Each recommendation is discussed in further detail in the sections below.

7.1

Flow share management

There are numerous scenarios for delivery and sharing of water that can achieve the environmental flow
recommendations throughout the system. These flow share scenarios may not necessarily require an
additional volume of water to be available to meet all the environmental flow requirements, but rather
modifications to the existing operational rules to achieve the requirements of the environment while also
meeting customer needs.
The process to establish different arrangements for flow share in the Yanco system may involve the following
steps:

7.2

•

Explore and establish clear responsibility for environmental water management in the system

•

Investigate and model different operational scenarios (such as delivery through drainage channels,
infrastructure upgrades, changes to order delivery, use of held environmental water) to assess the
impacts on various users

•

Assess the risks to achieving objectives, including blackwater events, carp breeding, floodplain asset
inundation (i.e. not only environmental risks)

•

Develop agreed operational rules to inform the revision to the Murrumbidgee Water Sharing Plan.

Physical barriers to flow provision

Demand for water in the Yanco Creek system over the last century has led to the construction of numerous
structures including the Yanco Weir off-take, weirs, regulators, block dams and by-wash dams. Water resource
development throughout the creek system has brought about significant changes to the flow regime in that
period. These changes to the flow regime include a reduction in flow variability (i.e. freshes) and a general
increase in the water present throughout the system.
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Potential modification to existing structures and flow delivery options
The bulk of water supplied to Yanco Creek System from the Murrumbidgee River is via the Yanco off-take. The
Yanco off-take is an opening in the river bank 2.3 km upstream of the Yanco Weir. Intake flow depends on the
level in the Murrumbidgee River at the off take point (i.e. the weir pool level) and Murrumbidgee River flows.
Manipulating the Yanco Weir to target Yanco Creek flows must consider the variable relationship between offtake flows and Murrumbidgee River flows 44. The ability for operators to manipulate flow delivery is limited to
between approximately 1,500 ML/d and 15,000 ML/d in the Murrumbidgee River (corresponding to 250 ML/d
and 1,400 ML/d respectively).
To provide the flow regime variability recommended for reaches 1 and 2 of the system, the off-take may
require modification to control flows in the lower operational range. Alternatively, some irrigation deliveries
could be provided via the Coleambally Catchment Drain or DC800 to reduce flows delivered through reach 1
(or a combination of both approaches may be suitable).
To determine the most appropriate approach to achieve the environmental flow recommendations in these
upper reaches, further hydrological modelling of both the irrigation customer requirements (demand) and the
environmental flow requirements (demand) is required to inform an assessment of the impacts on all system
users and the potential benefits of different delivery scenarios to water users and the achievement of
environmental objectives.
Other structures that may be considered a priority for modification to enhance the delivery of environmental
flow requirements throughout the system include:
•

Modification of McCrabbs regulator at the outlet of Wanganella Swamp to allow for greater control of
wetting and drying cycles of this wetland.

•

Identification of a preferred delivery method, and structures required, to provide environmental
water to Wanganella Swamp.

•

Provision of fish passage on Windouran and Caroonboon weirs (reach 5) to open up a long section of
the lower Billabong Creek to fish and provide connection to the communities in the Edward River.

•

Regulators and provision for fish passage at higher priority (catchment scale) weirs such as
Cocketdegong (Colombo Creek) and Algudgerie (middle Billabong Creek).

•

Removal of unstable, poorly maintained, or no longer required weirs.

For all the above suggestions regarding potential modification and changes to flow delivery, it is essential that
an agreed operating protocol and principles for flow share are developed in consultation with system users. It
is expected that these principles or rules will align with both the needs of customers and the environmental
flow requirements for the reaches.
Risks and issues to be considered if and when upgrading weirs in the Yanco system
The numerous weirs in the Yanco system present significant barriers to fish movement, and strongly influence
the hydrodynamics and sediment transport characteristics of the system. A number of the structures are
reaching or have reached the end of their design life (e.g. Chesney’s weir on Colombo Creek) and will require
substantial repairs and upgrades (including installation of fish ladders), or removal.
Removal of the weirs will substantially improve connectivity for fish, and increase the amount and diversity of
hydraulic habitat by increasing the variability of water levels and flow types. Over time, it is also likely the
diversity of the physical form of the channel will increase due to the increased diversity in flow conditions.
There are a number of issues that should be considered when planning the removal of one or more of the
weirs, including:
44

Note - environmental water is provided to the Murrumbidgee, flowing past but also entering the Yanco system at the off-take. With
potentially greater volumes of environmental water becoming available through the implementation of the Basin Plan the Yanco system is
likely to receive more flows unless a regulator is installed at the Yanco off-take.
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•

Increased sediment load to downstream reaches as sediment stored in the slackwater areas upstream
of the weir is mobilised and transported by the faster flowing water.

•

Smothering or infilling of inchannel habitat by the increased sediment load.

•

Potential water quality impacts depending on the characteristics of the mobilised sediment.

•

Potential bank slumping upstream of the weirs as water levels drop below the minimum weir level
(this is especially likely if the water draws down rapidly and there is an increase in pore water
pressure in the bank). The banks will also be exposed to sub-aerial erosion processes (such as freezethaw and desiccation) for the first time since the weirs were installed.

•

Loss of drought refuge habitat that the existing weir pools provide for water birds, fish and
macroinvertebrates.

•

Loss of amenity, recreation and lowering of pumping levels.

To manage these risks, a comprehensive impact assessment should be undertaken prior to any weir removal
or modification. The assessment should include estimation of the volume of sediment trapped behind the
weir, assessment of the hydraulics and likely transport of sediment to downstream reaches, assessment of
instream habitats at risk of smothering or infilling and a sediment characteristics analysis to identify any
contaminants present in the sediment.

7.3

Complementary management activities

To achieve the environmental objectives for each reach, it is recognised that, in addition to providing
environmental flows, a complementary suite of actions may be required. Supporting recommendations are
listed below.
Stock exclusion
One of the greatest threats to natural channel form, channel stability and water quality is unrestricted stock
access. This occurs through direct trampling and disturbance which prepares the channel for scour and mass
failure erosion, the removal of stabilising ground and understorey cover of riparian vegetation and the
creation of flow pathways for sediment transfer. Stock access to streams should be minimised or curtailed
through fencing of the riparian zone. This includes fencing of wetland or boggy areas adjacent or connected to
the tributaries of the Yanco Creek system. Outcomes from stock exclusion in riparian areas in the system are
well demonstrated on Billabong Creek downstream of Jerilderie at Old Coree (Refer Section 4.5, Figure 36).
Willow control
An extensive willow removal program has been undertaken in the Yanco system in recent years. This targeted
removal program has significantly reduced the extent of willows in the system, however willows still colonise
some sections of the system. Willow tree root mats have an extensive root system that can readily colonise
stream banks and bed, creating constrictions and resulting in catastrophic erosion at higher flows. Willow
colonisation should be managed to maintain natural channel form and stability.
Large woody debris recruitment and supply
Large woody debris is of considerable importance in maintaining channel form, stability and habitat niches. At
the reach scale large woody debris increases the channel roughness (resistance to flow) and causes water to
slow. This in turn reduces stream bank erosion at the reach scale. At the site scale large woody debris create
localised turbulence, scour and eventually the formation of habitat pools for in stream biota. Removal of large
wood should be prevented, unless otherwise demonstrated as a serious threat to a high value asset or human
life. Reinstatement should be considered and riparian stands providing potential future sources of woody
debris should be maintained or regenerated.
Carp management
Carp are likely to benefit from extensive inundation of littoral areas during high flow periods, as a result of
both natural and possible delivered watering events. Actions (such as physical controls) to minimise carp
numbers should be considered during environmental water event planning.
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7.4

Monitoring

Monitoring the effect of environmental flow delivery in the catchment is essential to improving and adapting
the management of environmental water. A monitoring and evaluation program may consist of methods such
as repeat fish surveys, water quality monitoring, repeat cross section surveys and macroinvertebrate sampling.
The monitoring program will need to be linked to the environmental objectives being targeted with individual
flow components. Monitoring undertaken should also inform the management of risks in environmental flow
delivery, such as the potential for blackwater events.
Recommendations for monitoring are provided in Table 35. This table includes monitoring for the purpose of
establishing baseline condition information, and monitoring to assess the effectiveness of water management
to achieve environmental objectives.
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Table 35. Recommended monitoring to assess condition and monitor the impact of environmental water management in the Yanco Creek system
Item

Monitoring question

Achievement of
environmental objectives
for riparian vegetation

Indicator/s

Measure of success

River Red Gum and Black Box:
condition of adult trees, recruitment
success, and extent of vegetated
floodplains

1
Effectiveness of
environmental watering on
floodplain and riparian
vegetation

2

3

Achievement of
environmental objectives
for instream vegetation

Achievement of
environmental objectives
for mosaic of wetlands

River Red Gum and Black Box:
condition of adult trees and
recruitment success

Instream vegetation

Method

Spatial scale

Frequency

Timing

Condition (‘health’) of
individual trees; and
spatial extent of
eucalypt-dominated
vegetation on
floodplain

Souter et al. (2010),
but refer also to
Cunningham et al.
(2007) & GHD (2010)

On-ground for
condition assessment;
remote sensing (aerial
photography and/or
satellite imagery) for
spatial extent. All
except Reach 4a

Every 2-5 years,
depending on
specific aim of
monitoring
program

Spring

Condition (‘health’) of
individual trees

Souter et al. (2010),
but refer also to Chee
et al. (2006) and Webb
et al. (2012)

On-ground. All except
Reach 4a

After
environmental
flow releases (i.e.
annual) and/or
periods of
drought/flood

Spring

Composition and
extent

Refer to Baldwyn et al.
(2005) and also Chee
et al. (2006)

Reach 6

Every 2-5 years,
depending on
specific aim of
monitoring
program

Spring

Diversity of wetland
watering regimes

Satellite, aerial or
ground survey

Priority wetlands

Once off to
determine
commence to
flows

Any
time

NSW Standard, Clauss
et al. (2011)

Priority wetlands
reaches 1, 2, 4b, 5 and
6b

Every 2-5 years,
depending on
specific aim of
monitoring
program

Spring

1 every 5 years

Lowflow
period

Dry periods

Summer

Wetland
Wetland condition and
extent

4

Achievement of channel
form maintenance and
habitat diversity

Channel form

Channel features

Survey of selected
sites

Representative sites
for each reach (those
used for this study)
reaches 1, 2, 4a, 5 and
6b

5

Maintenance of drought
refuge habitat

Water volume and quality

Persistence

Ground survey of
selected sites

Priority weir pools
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Item

Monitoring question

Indicator/s

Measure of success

Method

Spatial scale

Frequency

Timing

6

Condition of
macroinvertebrate taxa
from the endangered
Lower Murray Aquatic
Ecological Community

Macroinvertebrates

Community
composition and SRA
indicators (Richness,
SIGNAL, AUSRIVAS)

Standard rapid
macroinvertebrate
sampling protocols Refer SRA protocols

Representative sites
used for this study. All
reaches

1 every 2 years

Autumn
and
Spring

Condition of
macroinvertebrate taxa
found in mid
Murrumbidgee wetlands

Macroinvertebrates

Community
composition

Standard rapid
macroinvertebrate
sampling protocols Refer SRA protocols

7

Priority wetlands in
reaches 1, 2 and 3.

1 every 2 years

Spring

Condition / benchmark of
fish populations

Sub-sample of all habitats to
benchmark species population
abundance and diversity/distribution
Identify spatial-temporal changes to
baseline fish community over time

Fish community

Refer SRA protocols

Sub-sample of all
habitats

Annual

Condition of regional fish
community

Regional fish community resilient
and diverse

Fish community

Refer SRA protocols

All reaches and
Murrumbidgee R.

Annual

Was fish movement
stimulated by e-flow event

Fish undertake pre-spawning
migrations in Yanco Creek and lakes,
and movement to and from
Murrumbidgee system

Fishways

Radio/ acoustictracking
Fishways
PIT tags

Reach 1 and 2

Annual

(or as
species
appropriate)

Was fish spawning
response from fish

Eggs and larvae abundance and
correlation with age and flow event

Egg/larvae presence
Daily ageing

Drift nets, trawls, light
traps

Reach 1 and 2

Annual

(or as
species
appropriate)

Recruitment of fish

Abundant age-class of fish from flow
event

Age-class frequency

Sub-sampling fish and
ageing, otolith
microchemistry

Reach 1 and 2

Annual

Recruitment of fish in large
lakes (e.g. Dry and Mollys
lakes)

Abundant age-class of fish from lakes
after e-flow

Young-of-the-year fish,
particularly golden
perch

Sub-sampling fish and
ageing, otolith microchemistry

Reach 1 and 2

Annual

Presence/absence

Refer SRA protocols

All reaches

Annual

8

9

10

11

Threatened fish
populations

Threatened fish populations remain
and increase in distribution/
abundance
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(or as
species
appropriate)

Spring/
Summer
(or as
species
appropriate)

Spring

Spring

Spring
(or as
species
appropriate)

Spring(or
as species
appropriate)
Spring(or

as species
appropriate)
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Item

Monitoring question

Indicator/s

Measure of success

Method

Spatial scale

Frequency

Timing

Threatened fish reintroduction

Threatened fish re-introduced (e.g.
purple spotted gudgeon, olive
perchlet, freshwater catfish)

Survival and
population
establishment

Refer DPI protocols

Reach 1, 2, Forest Ck
and where appropriate

Annual

Spring(or
as species
appropriate)

12

Adaptive development of
optimal hydrograph

Native fish ecological response

Fish community

Refer SRA protocols

All reaches

Annual

Spring(or
as species
appropriate)

13

Non-native fish

Poor carp and non-native fish
recruitment

Non-native fish
abundance

Refer SRA protocols

All reaches

Annual

Spring/
Summer

14

Black-water

Nil or limited black-water events
from e-flows

Fish community

Water quality loggers

All reaches

Annual

Spring/
Summer

15

Fish stranding

Nil or limited fish stranding following
e-flow event or wetland recession

Fish community

Refer SRA protocols

All reaches

Annual

Spring/
Summer
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Schematics of water resource operations in the Yanco Creek system
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Floodplain wetland flow principles
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Maintaining stable, high water levels is generally incompatible with the maintenance of high ecological values;
and its outcome - water levels need to fluctuate seasonally
Fluctuating water levels allow a wide range of vegetation types to develop, as rising and falling water alternately
exposes and inundates different parts of the shoreline (Brock and Casanova 1997; Coops and Hosper 2002; Smith
and Brock 2007). The well-established ‘intermediate disturbance hypothesis’ posits that under environmentally
constant conditions one or a few well-adapted and competitively superior species will eventually become
dominant: the frequent invasion by and dominance of Typha spp. in wetlands with constant water levels is an
example. With too frequent and severe disturbance, however, no species can establish itself long enough to
survive and reproduce before the next disturbance eradicates it. In the broad intermediate zone of periodic
disturbance, a range of temporary habitats are created that allow a wide suite of animals and plants to co-exist in
a dynamic equilibrium.
Although water regime is usually described and managed at the scale of the whole wetland, spatial and temporal
patterning of vegetation is likely to be determined also by a diverse set of within-wetland water regimes that are
experienced at much finer spatial scales and are caused by internal topographic variation in sediment levels (Peach
and Zedler 2006; Raulings et al. 2010, 2011; Wetzel et al. 2011). Fine-scale accumulation of sediment into hills and
valleys, as well as the hummock-forming ability of many wetland plants, for example, generates complex mosaics
of water regimes at small spatial scales (i.e. centimetres to tens of metres), which allow plant species with
different hydrological requirements to co-exist over small distances and long periods of time (Raulings et al. 2010,
2011).
Fluctuating water levels also facilitate the creation of shallow fringing areas which allow wading birds to feed and
submerged aquatic plants to maintain photosynthetic organs in the photic zone. The second point is particularly
important when turbid water fills the wetland and submerged plants could easily become light-limited. D’Santos
(2006) recommended a water depth of 30–50 cm for some shallow floodplain wetlands in southern New South
Wales. Jensen and Turner (2002) noted that depths of greater than about 1 m would probably lead to light
limitation of the growth of submerged aquatic plants.
Wetlands require periodic drawdown of water levels and complete drying; and its outcome - temporary
wetlands require periodic inundation.
Since most floodplain wetlands in south-eastern Australia experience a strongly seasonal climate, their biota are
well adapted to episodic desiccation. In south-western NSW and south-eastern SA, 3–4 years seems to be about
the maximum period that temporary wetlands can be kept fully inundated without ecological degradation
becoming apparent, especially to amphibious and emergent plant communities. For wetlands with significant River
Red Gum components, approx. 18–24 months seems to be the longest period of inundation before adult trees
start to die. The loss of structurally important taxa, especially canopy trees such as River Red Gum, can have
serious adverse impacts on waterbird breeding (see, for example, Briggs and Thornton 1995, 1999). Scholz and
Gawne (2004) outlined the range of adverse ecological impacts of maintaining semi-arid and arid-zone wetlands in
a state of near constant inundation. More specifically, Ellis and Meredith (2005) recommended a dry phase for two
wetlands near Wentworth, on the basis that it would improve the likelihood of successful waterbird breeding,
increase fish recruitment and macroinvertebrate productivity, lower water-column turbidity and provide
productive habitats for terrestrial and amphibious fauna.
In general it is thought that shallow or temporary wetlands should be drained for at least 6 months, in order to
allow soils to dry fully and biogeochemical processes to attain their full end-points (Boon 2006). Drying should
occur over the summer to autumn period, when the wetlands would naturally experience the high temperatures
and high evaporative losses typical of summers in south-eastern Australia with a temperate or mediterraneantype of climate. Complete desiccation may be required to control noxious fish species, such as carp. Such regimes
generally seek to mimic natural wetting and drying cycles, which was one of the first recommendations made by
Gippel (1996) for managing water regimes in high-value wetlands in Victoria: ‘Ideally, reinstate the natural
hydrological regime by removing disturbing factors’ (Gippel 1996, page 136, italics in original).
If a drying phase is instigated, it is important that it be long enough to have the desired ecological outcome. There
are ecological risks associated with the dry period being too short and, for floodplain wetlands in South Australia
Tucker et al. (2003a) recommended dry periods of at least 3 months but no more than 6 months duration. The
upper limit was set on the basis of the risk of saline intrusions and excessive growth of terrestrial vegetation on
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the wetland floor. As a generalisation, billabongs should be drained for about 6 months, in order to allow soils to
dry fully and biogeochemical processes based on sediment oxidation to attain their end-points. Drying should
occur over the summer to autumn period, when the wetlands experience the high temperatures and high
evaporative losses typical of summers in south-eastern Australia. Complete desiccation may be required for
control of noxious fish species, such as carp. Episodic draw down and seasonal variations in water levels are also
likely to have benefits also for the diversity of wetland vegetation, as noted earlier.
A risk with near annual flooding of floodplain wetlands, however, is excessive regrowth of River Red Gums. Briggs
and Thornton (1995) argued that River Red Gum-dominated wetlands often needed to be managed, for example
by thinning saplings, to ensure the trees produced good spreading branches for nests. Conversely, however,
temporary wetlands that are kept chronically dry progressively lose their ecological value and will eventually
convert into fully terrestrial environments. Walker (2006, page 266) argued that ‘…wetlands subjected to drying
for too long may not produce a pulse of high productivity when floods occur’.
The difficulty in attempting to devise a single set of recommendations for the frequency of inundation for
floodplain wetlands in inland south-eastern Australia is that different sites will have experienced different
hydrological regimes in the past and will respond in different ways to the implementation of new hydrological
regimes. Research undertaken at the Macquarie River in western New South Wales indicates that the condition of
adult River Red Gum decreased markedly after 6 years without inundation (Kingsford 2006). With more severe or
prolonged desiccation, wetland plants may be lost and replaced by terrestrial species, many of which are weeds.
The resilience of wetland biota to desiccation is, however, quite amazing, and surprising biodiversity often
develops when even chronically dried wetlands are re-flooded (e.g. see Robertson and James 2007). D’Santos
(2006), drawing on the experience of implementing environmental water applications to Black Box and River Red
Gum communities in the Central Riverina district of New South Wales, advised that wetlands should be inundated
every 3–5 years. For wetlands in the Overland Corner region of South Australia, Jensen and Turner (2001)
recommended inundation approximately every second year to maximise the condition of riparian plant
communities.
Wetlands should be flooded in late winter or early spring, and remain inundated for at least three to eight
months.
Floodplain wetlands in south-eastern Australia usually flood in late winter or early spring. This flooding regime
follows seasonal patterns in rainfall and stream flow, and the subsequent duration of inundation ensures that
waterbirds can breed successfully and aquatic plants and macroinvertebrates can complete their life cycle and,
where required, lay down resistant egg and seed banks (e.g. see Kingsford and Auld 2005).
D’Santos (2006) recommended that temporary floodplain wetlands associated with various rivers of the midMurray region in central New South Wales should commence to fill before the end of September. Water inputs
should cease no later than the end of November, with the expectation that they will be dry by February the
following year. Thus if a wetland is flooded in early September and dry by the end of February, it will have
remained inundated for about six months. Wet periods of as short as 3 months may be sufficient for some taxa of
aquatic plants and rapidly-breeding birds such as ducks, but longer periods may be required for other species of
waterbird to complete breeding and young birds to fledge (Briggs et al. 1997, 1998; Briggs and Thornton 1999;
Young et al. 2003).
There are significant risks of wasting water without achieving appreciable ecological outcomes if floodplain
wetlands are inundated for too short a period. Roberts and Marston (2000), for example, noted that floods of
short duration (30–45 days) in the Millewa Forest of New South Wales were effective in wetting the sub-soil of
areas close to flood runners but not of River Red Gums ~40 m away. In contrast, longer floods (60–80 days) gave
no evidence of this distance effect and the ecological benefits were more widespread.
Rates of inundation and drawdown need to be controlled
There are few data on optimum rise times for the inundation (flooding) phase of wetlands. If the rate of
inundation is too fast, plants can be overtopped and drowned. Similarly, the rate at which a wetland dries out can
have serious impacts on wetland structure and function. An accelerated drawdown mediated by engineering
structures may eliminate salt from a wetland, whereas a slow evaporation-driven drawdown will lead to the
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retention of salt. Rates of fall that are too rapid will strand fish, interfere with waterbird breeding, contribute to
bank slumping, and possibly add to water-column turbidity.
In one of the few studies on the topic, Blanch et al. (1996) noted that Vallisneria spiralis (now V. australis) could
extend its leaves at rates of up to 2 cm day-1 to reach into the upper levels of the water where light was still readily
available. Jensen and Turner (2002) recommended a filling rate of less than 1 cm day-1 to allow submerged plants
to grow in floodplain wetlands of the Riverland in South Australia. Tucker et al. (2003a) proposed that rapid filling
(>3 cm day-1) was likely to limit germination and survival of submerged aquatic plants in floodplain wetlands.
Jensen and Turner (2002) proposed that drawdown rates of greater than 10 cm week-1 (equal to about 1.5 cm day1
) resulted in a rapid transition to dry vegetation on the bed of a drawing-down wetland.
Multiple wetting-drying cycles may be required for environmental rehabilitation
Hydrological intervention over a single year may be unlikely to result in long-term improvements in the
biodiversity and environmental values of degraded wetlands, and multiple wetting and drying cycles may be
needed to achieve full ecological rehabilitation. Pillai and McGarry (1999), for example, concluded that 3–9
alternating wet and dry cycles were required to repair swelling-clay soils in chronically grazed wetlands in the arid
zone of inland Australia. There are some indications from water-regime manipulations of floodplains in South
Australia that the condition of River Red Gums is improved if an initial flood is followed a year later by subsequent
inundation (Goode 2006). A series of floods according to this pattern would allow the seedlings established the
year prior to establish before dry phases recommenced some years later.
Ecological connectivity among wetlands should be acknowledged and maximised
Wetlands are often strongly interconnected by the movement of mobile fauna (such as birds and fish) and the
translocation of plant fragments and propagules. Thus biodiversity opportunities are maximized when movements
are allowed to take place (e.g. see Amezaga et al. 2002). It is known, for example, that the biota of floodplain
wetlands rely on connections not only with their parent river but also with the surrounding terrestrial vegetation
and with other floodplain wetlands in the region; this generalization has been demonstrated for fish (Gehrke et al.
1997), waterbirds (Briggs and Thornton 1995; Briggs et al. 1997; Kingsford and Auld 2005), plants (Nilsson and
Svedmark 2002) and invertebrates (Jenkins and Boulton 2003). Wetlands thus should not be managed as single
biodiversity ‘hot spots’ in the environment, but as members of a landscape-scale mosaic of aquatic and terrestrial
systems.
A consequence is that, in semi-arid zones, the floodplain environment and its wetlands should be managed as a
spatial and temporal mosaic (e.g. as suggested by Gawne and Scholz 2006; Parkinson et al. 2002). Managing
wetlands in whole groups not only lessens the risk of failure at any one wetland, but probably also increases
whole-of-system resilience. In the case of birds, for example, it is known from studies of billabongs along the
Ovens River in north-eastern Victoria that ‘… heterogeneous macrohabitat will increase local avian biodiversity on
lowland floodplains’ (Parkinson et al. 2002, page 495).
In order to provide a mosaic of wetlands in different wetting and drying phases and a related redundancy in
habitat availability, individual billabongs in a floodplain complex could be wetted and dried at different times and
in different years. In times of drought, those temporary wetlands that are inundated provide important refugia for
waterbirds; this value is especially important in regions where wetlands have been substantially degraded and few
other refugia may now exist. In contrast, more permanently inundated wetlands provide food and breeding
resources for some species of waterbirds, especially piscivores. Briggs et al. (1997, 1998) have shown the
landscape-scale benefits to waterbird diversity of having a mosaic of wetlands covering a wide range of different
flooding and wetting regimes, since different taxa of birds preferentially utilise wetlands in different stages of
wetting and drying. As there is some evidence also that ecological connectivity is greater between spatially close
sites than spatially disjunct sites (Jenkins and Boulton 2003), ecological benefits will probably be maximised if
billabongs are managed as connected spatial groups within given regions. Managing water regimes in a mosaic of
wetlands may have benefits also in terms of the volume of water used for environmental purposes. The idea of
‘time-sharing’ water allocations has been explored by Souter (1996, 2005), Souter et al. (2000) and Ward et al.
(2000).
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Attachment C
Hydrology of the Yanco Creek system
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Groundwater-surface water interaction
Groundwater and surface water interactions along Billabong Creek were investigated by NSW Office of Water in
June 2011. The report revised the alluvial groundwater model used for the management of key NSW Murray
Darling Basin alluvial aquifer located along Billabong Creek. It also evaluated the connectivity and infiltration rates
along Billabong Creek using a range of technique (Brownbill et. al. 2011).
Water table monitoring in the riparian zone and fluid pressure measurements in the streambed identified
Billabong Creek as a losing-disconnected reach. Associated with the disconnection is a well-defined clogging layer
near or slightly below the streambed which is usually a clay unit 0.5 to 2 m thick (Brownbill et. al. 2011). Likewise
associated with the clay layer, the streambed hydraulic conductivity in Billabong Creek was classified as low. River
losses along Billabong Creek were estimated by Brownbill et. al. (2011). The local rate of water lost form Billabong
Creek was 15 to 16 thousand litres per kilometre per day for median and high (tenth percentile) river flows
respectively. Regional losses were much lower at around 400 and 850 litres per kilometre per day for median and
high river flows.

Figure 55. Losing, disconnected stream (water table is disconnected from the stream so that infiltration is not affected by
lowering of the water table) (NSW OOW 2011)

Reach 1 – Upper Yanco Creek
Flows are diverted from the Murrumbidgee River into upper Yanco Creek at Yanco Weir to meet downstream
irrigation , domestic and stock, environmental orders and end of system requirements. The Yanco Weir and the
associated off-take channel (Figure 56) divert flows to the Yanco Creek system under any flow conditions in the
Murrumbidgee River (Molino Stewart 1999). Regulated flows at the off-take are limited to 1,400 ML/day, as higher
diversion volumes tend to cause flooding and increased system losses in the upper reaches of the Yanco Creek
(Beal et al. 2003). Unregulated overbank flows enter this reach from the Murrumbidgee only in very high flow
events.

a.

b.

Figure 56. Yanco Weir (a) and off-take channel (b)

Upper Yanco Creek has been a focus for water savings projects funded through Water for Rivers in recent years
due to the high losses that occur in this section during high water allocation seasons. High losses are due to
regulated flows escaping into wetlands (anabranches, billabongs, swamps and lakes), a situation that has been
exacerbated by the cumbungi (Typha spp.) and willows (Salix spp.) along the creek (Webster 2007). These latter
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Reach 3 – Colombo Creek
Most flows into Colombo Creek are received from the Yanco Creek off-take upstream of Morundah. Diversion
volumes are controlled by Tarabah Weir and the channel capacity of Colombo Creek. Flooding of private property
is observed when flows in this reach exceed 600 – 650 ML/day (Beal et al 2004). Despite de-snagging works in
1992 that achieved a 15% increase in capacity along this section of Colombo Creek, further removal of strategic
obstructions needs to be considered along with a review of operational weirs accompanied by community
consultation (Beal et al 2004).
Analysis of the flow regime in the Colombo Creek has been undertaken using outputs from the IQQM model under
current and pre-development scenarios 48 for the 114 year period from 1896 to 2009.
Total annual flows for each year from 1970 to 2009 (Figure 59b) in Colombo Creek are considerably lower under
pre-development compared to current conditions. The annual flow under pre-development conditions is
frequently close to zero (although for the modelled period, at least some flow each year is observed). Under
current conditions, the total annual flow rarely falls below 100 GL, and only exceeds 200 GL on five occasions over
the 39 year period. The flows are relatively consistent between years, indicating that in wet years, high flows are
contained within other parts of the Yanco system.
Flows are typically highest during the months of August and September (Figure 59a). Under pre-development
conditions the mean daily flow is lowest during the months of January and February, however under the current
operating regime the mean daily flow is lowest during the months of April and May due to higher irrigation
supplies being distributed along the reach during January and February.
The magnitude of flows in Colombo Creek is generally similar to those in the Mid Yanco Creek (Figure 58). In the
dry summer months Colombo Creek receives a greater proportion of the regulated flow than the Mid Yanco,
however during wet periods, a greater proportion of the unregulated flow remains in Yanco Creek. In April, the
median flow in Colombo Creek is 275 ML/day compared with 166 ML/day in the Mid Yanco. In August, the median
flow in Colombo is 538 ML/day compared with 723 ML/day in the Mid Yanco.

48

The output locations adopted for analysis of this reach are - Pre-development conditions: 173 Colombo Creek upstream of Billabong Creek; current
conditions: 212 Unlimited Colombo Creek Order. These are the only IQQM output locations situated in the Colombo Creek reach, and therefore need to
be used to analyse the flow regime in this reach.
The pre-development conditions site is located at the downstream end of this reach, while the current condition site is immediately downstream of the
off-take from Yanco Creek. Given that there are no major inflows to the reach in this section, the pre-development conditions flow series should also be
a reasonable representation of the pre-development conditions flow at the upstream end of the reach under low flow scenarios. In higher flow events,
the pre-development flow may be underestimated due to overbank flows and losses which would occur along the reach
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Attachment D: Notification Amendment 1 – Murrumbidgee proposals
This amendment applies to the following proposals:
1. Nimmie-Caira Infrastructure Modifications Proposal
2. Improved flow management works at Murrumbidgee Rivers - Yanco Creek offtake
3. Modernising supply systems for effluent creeks
4. Computer Aided River Management
5.Murray and Murrumbidgee Valley National Parks
Note: this amendment applies to the Murrumbidgee component of the Murray and Murrumbidgee Valley National
Parks proposal. The Murray component, though retained in the notification, will not be modelled under the SDL
adjustment mechanism and as such will not form part of the M D BA’s adjustment determination.
The proposals are all incorporated in the NSW IQQM model of the Murrumbidgee River. This model has been
developed by NSW DPI and subsequently reviewed by MDBA modellers. The model is linked to the MDBA MSM
Bigmod as part of the overall modelling framework for the Southern Connected Basin.
The NSW projects Effluent Creeks and CARM have entitlements associated with them. NSW has confirmed that
the entitlements will be provided as a single unencumbered NSW General Security entitlement. An Inter Valley
Trade account will either be established or an existing account modified to mitigate any third party issues in terms
of reliability impacts for Murray downstream users.
SDLAAC has noted that the volume of the entitlements cannot be determined until the full modelling framework is
run on the final package of measures. As such the volumes will be determined in September 2017. MDBA modellers
have advised that the definition of the volumes will not impact on the outcome of the modelling framework (i.e. no
need for iteration).
A further amendment that defines the volumes and changes to any IVT account will be provided in September 2017.

Appendix A: Murrumbidgee model updated by NSW
The original Murrumbidgee Basin Plan Benchmark model for the SDL adjustment had a number of deficiencies
preventing the Murrumbidgee supply measures from being assessed in a sensible technical manner. MDBA received
the Murrumbidgee models from NSW which addressed deficiencies. The latest models (MDBA Trim No: D17/20418)
have been incorporated into the MDBA’s modelling framework (Rev No: 4625) to form a basis of modelling
assessment for SDL adjustment. The changes made to the model by NSW are well documented in the NSW DPI
Water reports.
MDBA has subsequently merged each of the Murrumbidgee SDLA project models into one combined model and
incorporated it into the modelling framework (Rev No: 4626).
The reports from NSW that describe these changes are set out in Attachment F.

For the part of the floodplain affected by the works, SFI 1 would be considered successful if a flow of 24,621 ML/d
for an appropriate number of days is achieved.
The inundation areas associated which each SFI flow band have been split into that part affected by the works and
that part unaffected. This provides separate hydrological assessment units (HAUs) for the assessment of Ecological
Outcome scores. Total floodplain area affected and unaffected by the works is presented in Table 3.
Table 3: Total area (Ha) of the floodplain targeted by the Specific Flow Indicators, split in an area not affected by the works, and an area
affected by the work.

Mid Murrumbidgee Floodplain
Floodplain area not affected by works
Floodplain area affected by works
Total floodplain area

Inundation area (ha)
66942
26234
93176

The areas for the separate hydrological assessment units (HAU) are provided in Tables 4 and 5. The areas for the
specific flow thresholds represent the inundation area additional to the area already inundated by a lower flow
threshold.
Table 4: Inundation area (hectares) additional to the area already inundated by a lower flow threshold for hydrologic assessment units outside
the area impacted by the works.

Ecological Element
General health and abundance - all Waterbirds
Bitterns, crakes and rails
Breeding - Colonial-nesting waterbirds
Breeding - other waterbirds
Redgum Forest
Redgum Woodlands
Forests and Woodlands: Black Box
Lignum (Shrublands)
Tall Grasslands, Sedgelands and Rushlands
Benthic Herblands
Short lived fish
Long lived fish

SFI Bands ML/day
26,850
34,650
44,000
6715.4
3770.8 15151.0
1538.2
290.4
551.3
6715.4
3770.8 15151.0
1538.2
290.4
551.3
2681.7
1211.3
4359.9
12.3
11.6
81.4
166.3
112.1
305.6
0.0
0.0
0.0
1525.6
285.9
507.4
0.0
0.0
0.0
1538.2
290.4
551.3
6715.4
3770.8 15151.0

63,250
41305.3
41.3
41305.3
41.3
402.7
12.4
48.4
0.0
40.6
0.0
41.3
41305.3

Table 5: Inundation area (hectares) additional to the area already inundated by a lower flow threshold for hydrologic assessment unit impacted
by the works

Ecological Element
General health and abundance - all Waterbirds
Bitterns, crakes and rails
Breeding - Colonial-nesting waterbirds
Breeding - other waterbirds
Redgum Forest
Redgum Woodlands
Forests and Woodlands: Black Box
Lignum (Shrublands)
Tall Grasslands, Sedgelands and Rushlands
Benthic Herblands
Short lived fish
Long lived fish

24,621
15337.7
2411.2
15337.7
2411.2
10824.4
319.7
1732.4
0.0
2410.1
0.0
2411.2
15337.7

SFI Bands ML/day
31,522
39,912
3864.6
7031.3
211.9
227.3
3864.6
7031.3
211.9
227.3
2386.4
3958.3
141.4
186.2
539.9
871.9
0.0
0.0
211.9
227.3
0.0
0.0
211.9
227.3
3864.6
7031.3

56,700*
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

*The flow rate is beyond regulating capacity of the proposed works and therefore no additional benefits counted.

Appendix D: Spatial data describing the inundation extent for the Lower-Murrumbidgee reach
The figures below represent the inundated areas of the separate hydrological assessment units (HAU) for the
Nimmie Caira without rehabilitation scenario. The areas for the specific flow thresholds represent the inundation
area additional to the area already inundated by a lower threshold.

Table 6 Inundation areas in hectares for hydrologic assessment unis in the without rehabilitation scenario

Ecological Element
General health and abundance - all Waterbirds
Bitterns, crakes and rails
Breeding - Colonial-nesting waterbirds
Breeding - other waterbirds
Redgum Forest
Redgum Woodlands
Forests and Woodlands: Black Box
Lignum (Shrublands)
Tall Grasslands, Sedgelands and Rushlands
Benthic Herblands
Short lived fish
Long lived fish

175
34,362.9
7,291.5
34,362.9
7,291.5
10,964.0
801.7
6,338.7
5,446.9
6,623.8
667.7
7,291.5
34,362.9

270
968.2
97.8
968.2
97.8
157.6
31.6
196.7
299.3
96.8
1.0
97.8
968.2

SFI Bands GL
400
800
1700
2700
4,777.0 26,705.4 28,624.4 16,561.3
376.6 1,120.7 1,065.5
543.6
4,777.0 26,705.4 28,624.4 16,561.3
376.6 1,120.7 1,065.5
543.6
673.8 5,832.0 4,022.7 1,188.5
188.4 1,049.9
830.0
311.1
917.8 7,387.7 7,646.3 3,289.0
1,111.4 4,388.8 7,945.2 6,446.8
373.9 1,063.9 1,021.3
532.7
2.7
56.8
44.2
10.9
376.6 1,120.7 1,065.5
543.6
4,777.0 26,705.4 28,624.4 16,561.3

Figure 1 New Lowbidgee High Flow Effluent

The flow from this additional high flow effluent is put into a storage representing the Lowbidgee
high floodplain. The return behaviour was based on the information in the 2012 business case
for the purchase of Nimmie-Caira that approximately 3000 ML/d can drain back from the
floodplain through Yanga to the river.
This new configuration was included in the SDLA benchmark and scenarios in a three-step process:
1. The configuration and parameters were copied from the DHI IQQM model (BIDGGA02)
to the DPI WSP model (WSP05CUE).
2. The parameters were tweaked so that the annual mean flow at Balranald was not
changed by adding the new configuration (WSP05CT).
3. The tweaked parameters and configuration was then copied into the SDLA benchmark
family of models.
The matching of annual mean flow at Balranald ensures that the water return behaviour of
Lowbidgee was not changed during efforts to describe at a higher resolution how flows behave
between the known flow points at Maude and Balranald
Increasing the Order Capacity at Old Man Creek Effluent to 60 000 ML/d
This change was made by WaterNSW as part of the Yanco Creek Regulator proposal modelling.
The original Benchmark model did not include a limit on demands in the Murrumbidgee River at
the Beavers Creek offtake. A limit of 30,000 ML/day was introduced at this point in the
Murrumbidgee as part of the Tripartite modelling (DHI). Under recent changes this has been
increased to 60,000 Ml/d in all models to allow environmental flow requirements downstream to
be achieved.
Fixing Non-mass-balancing KEA Nodes.
In the original MDBA SDL model the accounting for the Key Environmental Assets (KEA) was
DPI Water, April 2017

simulated by using a combination of:
1. Water removed from the river using a bulk-access licence node (3.4), driven by a time
series, and returned to the model below Balranald at a pumped return node (1.2).
2. A very large volume of water (1 TL/d) added back immediately below the 3.4 node using a
tributary node (1.0).
3. The water not required to return the flow back to what it was above the 3.4 node
was removed using a demand node (3.1).
It was discovered that this arrangement can cause a mass balance error due to the numerical
problem of subtracting one large floating point number from another large floating point
number. What happens is that the net effect is “lumpy” as IQQM uses floating point numbers
with about 7 significant digits and it was found that the node arrangement could add up to 40
GL/a to the river.
To fix this problem additional functionality was add to the IQQM to allow the flow going from a 3.4
node to a 1.2 node to be “intercepted” by a 1.0 node. This allowed us to remove the very large
inflow and extraction arrangement and removed the mass-balance problem.
Adjust Nimmie-Caira Diversions to Represent SFIs
One of the key deficiencies of the original SDL model was that despite there being water ordered
with the intent to inundate parts of the Lowbidgee floodplain, there was no additional water
being diverted into Nimmie-Caira.
To compound the problem the inclusion of a pair of KEA nodes ordering to below the NimmieCaira offtake resulted in a reduction of both the surplus flow available to be diverted and the
diversions into Nimmie-Caira by previously surplus flow now being accounted as regulated flow to
meet the KEA order.
The flow that was not diverted into Nimmie-Caira remained in the river and later flow past the
gauge at Balranald and was counted as meeting some or all of the environmental requirements
there and was double counted by an external process as achieving inundation outcomes in NimmieCaira.
Returning Nimmie-Caira and Redbank Diversions to WSP Level
The first step in adjusting the Nimmie-Caira diversions to represent the SFIs was to recalibrate the
offtake control functions such that the diversions into Nimmie-Caira and Redbank were returned to
the level prior to the introduction of the KEA nodes into the model. This was necessary as the
introduction of the KEA nodes had reduced the availability of surplus flow for use by Lowbidgee
and represented a third-party impact.
Moving the Maude and Balranald KEA Nodes
It was found during the re-calibration that there was not enough surplus available at Maude to
meet the SFI requirements (and enhanced Nimmie-Caira watering requirements) and the KEA
nodes had to be moved upstream of the Nimmie-Caira offtake so that flows are seen as surplus
(and therefore accessible) by the Nimmie-Caira offtake node rather than as a regulated delivery for
some other water user.
Initially only the Maude KEA was moved but it was found that this didn’t result in enough surplus so
the Balranald KEA was also moved. This required creating a new time series of requirements offset
from the original to account for the travel time between Maude Weir and Balranald. As there is
negligible irrigator development between Maude and Balranald it is expected that any water that
was originally ordered to pass Balranald and not required to meet the Nimmie-Caira SFI will still
DPI Water, April 2017

pass Balranald.
The changes preserve the intent of the KEA nodes to order volumes to the end of system
in a way that builds on existing flow events to achieve SFI flow targets.
Adjusting the Volume of Storage in Lowbidgee to Represent Removing the Irrigators.
The storage volume in Nimmie-Caira system is represented in the IQQM by:
1. A 50 GL “Stock and Domestic” storage that represents the initial “loss” of the
Nimmie-Caira system. That is, there has to be an inflow of at least 50 GL before
water will return to the river.
2. The Pendlebury Buckets: two storages in series with a capacity of 325 GL each
that represent the rest of the storage of the system.
3. A by-pass function around the Pendlebury Buckets. This function
represents the progressively higher return of water to the river as there is
more water stored in the Nimmie-Caira system. This is a linear function
that by-passes 0% when the buckets are empty up to 20% when the
buckets have a combined storage of 325 GL. Above 325 GL combined
storage all of the water will by-pass the buckets.
As irrigation in Nimmie-Caira has ceased in the SDLA benchmark it is necessary to adjust
the storage representing Nimmie-Caira to reflect that water will no longer be directed
into bunded paddocks. This is required as there is a fundamental shift in the way water
will behave in Nimmie-Caira; previously water was managed by moving it from
irrigation bay to irrigation bay in such a way as to maximize the infiltration of water into
the soil profile, whereas now water will be directed to areas in the floodways where it
can do the most benefit for the environment.
To estimate the current storage capacity of Nimmie-Caira the various watering options
in the Alluvium were reviewed and based on the largest scenario, which covered all of
the floodways with an inflow of 297 GL, it was decided to use a total storage of 250 GL.
The 250 GL was divided up into a 50 GL initial loss storage (the Alluvium report also
estimated the initial loss at 50 GL) and two storages of 100 GL. The surface areas were
adjusted to represent the area of the floodways. The by- pass function was also adjusted
to pass 20% at 200 GL storage in the Pendlebury Buckets and 100% above that level.
Meeting SFIs
The Nimmie-Caira access functions were then re-calibrated to represent the NimmieCaira diversions that would be required to achieve the inundation extent that was
intended by Basin Plan, and assuming that diversions to Nimmie-Caira would now occur
during the periods that the SFI conditions at Maude were being met. The re-calibration
was done on the understanding that:
1. The SFI diversion targets (Table 1) were defined as the minimum required.
2. The SFI diversions were the sum of the diversions made through the NimmieCaira offtake and the flow entering Lowbidgee through the original high-flow
effluent and the new high- flow effluent added as part of the high floodplain
representation.
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Table 1 MDBA SFIs for Nimmie-Caira

SFI

SFI Volume - Total inflow
volume past Maude Weir (GL)
over SFI period

SFI period

Total inflow volume (GL) into NimmieCaira over SFI period

1

175

Jul - Sep

21

2

270

Jul - Sep

33

3

400

Jul - Oct

43

4

800

Jul - Oct

80

5

1700

Jul - Nov

147

6

2700

May - Feb

241

The diversions into Redbank were kept at Water Sharing Plan levels while the re-calibration was
carried out.
As discussed, the original MDBA Basin Plan scenario double counted water diverted
into Nimmie- Caira as also achieving Balranald flow targets. NSW & MDBA agreed
that the best reflection of the intent of the plan was to actually divert the water
required to achieve the nominated inundation extent, and that this would
consequently reduce apparent Balranald flow outcomes.
Adjust Water Recovery from Nimmie-Caira
The water recovery in the original SDL modelling used a uniform 27% reduction in
irrigation diversions from all of the regulated and an assumed 27% reduction in the
diversions by the Nimmie- Caira irrigators. NSW & MDBA agreed that since the NimmieCaira purchase is well known, the entire Nimmie-Caira irrigation demand should be
removed, and the remaining irrigation nodes be adjusted higher to maintain the overall
27% reduction.
Quantum of Water Recovery from Nimmie-Caira
In the original MDBA SDL modelling the water recovery assumed to have been made
from Nimmie- Caira was reduced by 41 GL/a to represent existing environmental
outcomes within the Nimmie- Caira system based on MDBA’s interpretation of the
Basin Plan requirement that protects existing planned environmental water. NSW
disputes this interpretation as it causes the Basin Plan to assert an uncompensated
property right over environmental outcomes occurring on privately held land and
through the actions of a privately held water entitlement, and that this is not
permissible under the protects against 3rd party impacts. No agreement was able to be
reached between NSW and MDBA officers, however NSW modellers identified that in
the HEADS OF AGREEMENT: AN AGREEMENT SUPPORTING THE NIMMIE-CAIRA SYSTEM
ENHANCED ENVIRONMENTAL WATER
DELIVERY PROJECT it was agreed:
“to jointly seek a review by the MDBA of the Murrumbidgee SDL, taking into
account the Nimmie-Caira Entitlement, in the context of the next available
opportunity for review of SDLs. Until that review, the Commonwealth will treat
the ‘gap bridging’ volume of the Nimmie-Caira entitlement as 132.6 GL [/a]”.
No such review has been conducted, and in the absence of an overriding agreement,
this agreement has been assumed to represent the status quo and as a result is was
necessary to increase the long- term mean diversions of the irrigators by 91.6 GL/a.2
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Adjusting the Water Recovery
As there was little time available to do the water recovery adjustment it was decided to
speed up the process by only adjusting the Coleambally Irrigation Corporation’s and the
largest group of river irrigators’ (Hay to Maude--RP13) licences and areas. The resulting
changes made are summarised in Table 2.
2

NSW is continuing to pursue this issue with the MDBA

Table 2 Changes Made for Water Recovery

Before
CIA
RP13
KEA

After

Change

Entitlement
(GL)

Area
(Ha)

(ML/Ha)

Entitlement
(GL)

Area
(Ha)

(ML/Ha)

Entitlement
(GL)

Area
(Ha)

(ML/Ha)

150.2
23.7
908.1

35900
13000
-

4.2
1.8
-

379
45
658.1

85000
18000
-

4.5
2.5
-

+228.8
+21.3
-250

+49100
+5000
-

+0.3
+0.8
-

Subsequent discussions with MDBA officers identified that MDBA has automated tools to carry
out the required adjustments more broadly and it is expected that MDBA will use their own
system when constructing the SDLA package.
Adjust the Yanco Creek Calibration
In 2012 there was a re-calibration of the Yanco-Colombo-Billabong Creeks system carried out by DPI
Water. The aim of this re-calibration was to derive a set of loss functions that would produce loss
estimates that were similar in terms of rate per unit length between reaches. The re-calibration also
created a set of residual inflows that didn’t cover the full historic time span (1890-)
These loss parameters were adopted by DHI Water and Environment and a set of residual inflows
that would cover the time span required (1895-2009) were derived by Watermation. However
during this model update process there were a number of problems with this recalibrated
parameter set:
1. Not all of the re-configuration arising from the 2012 re-calibration were carried over to
the SDLA models.
2. The time-series residuals for the second reach of the Yanco Creek did not look plausible.
A desktop review of the calibrations was undertaken by Watermation and the changes adopted by
DPI water are described below.
Adding in Missing Effluent Running from Colombo to Yanco Creek
There is an effluent that leaves the Colombo Creek just upstream of the Morundah gauge and
enters the Yanco Creek downstream of the Morundah gauge. As a result there is flow in the upper
Yanco system that doesn’t pass by a gauge until Yanco Bridge and the apparent residual inflow in
the second reach (Morundah to Yanco Bridge) is not related to rainfall and is not possible to
reproduce with a rainfall runoff model.
To fix this an effluent was added between Colombo and Yanco Creek; the offtake relationship (Figure
2) was based on the HECRAS work done by Tim Morrison. With the addition of this effluent it was
found that the second reach could be modelled without the use of a residual inflow. The losses in the
second reach were tweaked to work with the new effluent and were found to be more consistent
with the pre-2012 loss functions.
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Figure 2 Morundah Effluent

Adding in Missing Components in the Yanco Reach to Morundah.
As part of the 2012 re-calibration there were a number of additional model components added that
subsequently were not brought into the previous SDLA model:
1. Flow routing and a 25% loss on the flow passing down the Washpen Effluent.
2. Two overbank storage nodes representing surface water groundwater interaction.
As the loss functions adopted in the SDLA models were calibrated on the basis of the presence of
these two components, they were added to the model to reinstate a coherent set of parameters. A
code change was made to allow the flow from a 3.1 node to be returned to a 5.0 node (effluent
return) so that its functionality could be used to model the loss and routing. There is an issue with
the structure of the Murrumbidgee IQQM model that results in an additional 24 hours of lag in the
Washpen Effluent but it was decided that this was acceptable in light of being able to represent the
25% loss and the impacts would not be material to the proposed SDLA scenarios.
Adjusting Snowy Inflows for the Water for Rivers Entitlements
The previous SDLA scenario used a fictional demand point to represent the reduction in water
availability resulting from the Water for Rivers project. It was identified that the effects on water
allocations was representative of a reduction in Snowy inflows, however the artificial demand
continued to compete for release capacity from Blowering Dam and that this was distorting the
results. It was originally intended to adjust the time series of Snowy inflows to Blowering Dam to
represent the water owned by Water for Rivers that will be used elsewhere. Given the short time
frame available for this and the fact that the entitlement remained tied to the Murrumbidgee
resource assessment it was decided to take an alternative approach. The IQQM was modified to add
the facility to allow regulated irrigators (8.0) and bulk-access licence nodes (3.4) to pump directly
from a storage. The SDLA models were then modified to have the two WfR nodes pump directly
from Blowering and free up the access to the outlet capacity of that dam for other water users.
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Enhanced Nimmie-Caira Watering Proposal
A scenario for the enhanced Nimmie-Caira watering proposal was prepared. The without
rehabilitation option was modelled as the rehabilitation will be dealt with as a separate activity.
Creating the scenario for the enhance watering proposal require re-calibrating the access functions at
the Nimmie-Caira and Redbank offtakes such that the water diverted in to Lowbidgee would be
sufficient to meet the Alluvium targets.
Representing Yanga in the IQQM Setup
The Murrumbidgee IQQM represents the Redbank area as a single overbank storage. Based on the
inundation extent it was estimated that the Yanga (southern bank of the Murrumbidgee) component is
half of this based on the relative area of Redbank and Yanga. In the revised SDLA benchmark model the
Redbank diversions are 109 GL/a so the Yanga component was estimated as 55 GL/a.
1. Based on an estimate of the increase in diversions required to meet the Alluvium enhanced
watering it was initially estimated that the Yanga component would become 75% of the total
Redbank diversion and the flow requirements were judged on this basis. After calibration it was
found that the Yanga component was 65% which was close enough to the initial estimate that it
was decided to not adjust this. The overall take figure for both sites is consistent with the previous
estimate of joint consumption added to the additional alluvium Yanga demands.
A more detailed representation of water balances between Redbank and Yanga requires a full hydraulic
model of the area between Maude and Balranald and this is outside the scope of the SDLA projects
Interpreting the Alluvium Watering Requirements
While attempting to configure the offtakes into Nimmie-Caira and Redbank it was found that meeting
more of the highest flow class targets resulted in a reduction in the number of lower flow class targets
being met. As a result it was decided to use a configuration that resulted in missing 4 high flow events
but meeting 6 more medium flow class events.
No attempt was made to determine the relative environmental value of the events and the highest
event count was chosen for consistency with the SDLA ecological elements equivalence scoring
mechanism.

Net Effect of Changes
Table 4 shows a summary of the statistics obtained from the original BDL and SDL, and the revised
benchmark and project proposals.

Caveats
As there is a large change in the flows going into Lowbidgee and the purpose of those flows there is a
high degree of uncertainty in the prediction of return flows from Lowbidgee.
The fundamental difficulty of modelling Lowbidgee is that the only reliable flow data available is at Hay
and Balranald Weirs; the intermediate stream gauges do not necessarily measure all of the flow and only
the regulated flow into Nimmie-Caira is directly measured. As a result of the distance between the
measuring points and the flat topography in the area there is little constraint on the paths that water
takes from Hay to Balranald as it could be passing through Nimmie-Caira or passing down the
Murrumbidgee but overbank. The Lowbidgee model was calibrated so as to replicate the observed
regulated diversions into Lowbidgee and the flow passing Balranald.
The cessation of irrigation in the Nimmie-Caira area will result in a major change in the behaviour of the
water once it is inside Lowbidgee. Previously the water would be deliberately managed to maximise
infiltration but this may not be the long term management aim for future environmental managers. The
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storage characteristics adopted for this Nimmie-Caira representation represent the best available
understanding of the future environmental operations for Nimmie-Caira but these should be
reconsidered as long term environmental watering plans are developed and experience is gained in how
best to manage an environmental Nimmie-Caira.
Ongoing monitoring of the water behaviour within Lowbidgee will be an essential requirement to
improve the understanding of where the water will go.
Table 3 Enhance Nimmie-Caira Watering Requirements

Event
occurrence
(proportion of
successful
years)
95%

Event
duration
months

Min
Flow

Max
Flow

Event
Timing

1

0

15,000

50%

1

0

15,000

40%

3

0

15,000

14%

3

15,000

Volume required from offtakes (GL)
Maude
Weir

July to
Sep
July to
October
July to
October
May to
February

Waugorah
creek

3

1AS/
1ES

Overbank
flows

23

TOTAL

26

46

46

180

12

56

230

72

72

248
290

664

Table 4 Summary Statistics

Mean Annual (GL/a)

Regulated Diversions
(excluding TWS &IVT)
Lowbidgee Diversion

MDBA BDL

MDBA SDL

Revised
SDLA
Benchmark

Tripartite

Yanco
Regulator

Enhanced
NC
Watering

SDLA Proposals

1841

1331

1423

1469

1432

1422

292

204

290

284

286

400

Supplementary Diversions

243

156

153

148

155

155

Balranald Flow

1233

1718

1590

1578

1634

1567

Darlot Flow

324

301

283

265

248

283

Redbank Diversion
Total Inflow to Nimmie-Caira
(Diversion + Flood)
Outflow from Nimmie-Caira

105

58

109

107

106

155

230

195

265

262

269

330

34

29

93

92

96

150

Nimmie-Caira Return

15%

15%

35%

35%

36%

46%
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Yanco Offtake and Effluents Modelling – February 2017 update
28 February 2017
Craig Mackay

Overview
This memo summarises the revision of the Yanco Offtake project modelling previously discussed
with DPI (email Andrew Brown to Dan Berry 10 November 2016), and further discussions on the
Yanco Effluents project modelling in February 2017. It alters the post-project models to more
directly represent environmental flow requirements, and operations to achieve them, so that the
model is less susceptible to changes in the future as other projects are added in.
A series of minimum flow nodes, seasonal event flags and high flow triggers have been added into
the model to do this. Much of this memo outlines these changes in detail so they can be understood
by others and adapted further if required.
This updated modelling also includes changes to the benchmark model, provided by DPI Water in
February 2017.
The adapted model produced results in line with expectations. It was able to be manipulated to
achieve the Yanco Creek system environmental targets to a similar level to that seen in the Adapted
Benchmark model. When the results from the model were compared against the Adapted
Benchmark model, there was generally an improvement in the SFI scores on the river, particularly
for high flow events. The post-project model increased allocations relative to the Adapted
Benchmark model, leading to an increase in irrigation diversions.

Background
The proposed Yanco Offtake structure will control inflows into Yanco Creek for river flows up to
45,000ML/d. For river flows less than this, operators will be able to specify the flow rate through the
offtake gates.
This is a significant change from the existing situation, where Yanco Creek inflows can only be
partially controlled by operation of Yanco Weir on the main river channel. Furthermore the river
weir is only effective as a control at lower flows, and cannot prevent inflows into the creek when
river levels are high.
The current flow regime in the Yanco, Colombo and Billabong creeks (and the regime reflected in the
Basin Plan Benchmark model) reflects this relatively low level of control. Consequently the creeks
receive large inflows whenever the river is high. The proposed regulator potentially allows all inflows
to be halted for river flows up to 45,000ML/d, potentially producing a significant change in the creek
flow regime.
An environmental flow study was carried out for the creeks in 2013 by Alluvium Consulting. That
study identified a number of baseflow, freshes, bankfull flow and overbank flow targets for reaches
in the creek system. It subdivides the system into six reaches:
-

Reach 1: Yanco Creek from the Offtake to Colombo Creek
Reach 2: Yanco Creek from Colombo Creek to Billabong Creek confluence

-

Reach 3: Colombo Creek
Reach 4a: Billabong Creek from the Colombo Creek confluence to Jerilderie
Reach 4b: Billabong Creek from Jerilderie to the Yanco Creek confluence
Reach 5: Billabong Creek downstream of the Yanco Creek confluence
Reach 6: Forest Creek

Previous IQQM project modelling has estimated the potential benefits of the proposed regulator,
whilst aiming to preserve the same level of compliance with the environmental flow measures given
in the Alluvium report. The previous modelling was set up to avoid decreasing the environmental
flow measures compared to the Basin Plan Benchmark model. This was done by using pre-processed
timeseries:
-

to maintain Benchmark model flows through the regulator when river flows are less than
15,000ML/d
to divert larger inflows for short periods at specific times when flows are between
10,000ML/d and 24,000ML/d

When the proposed Yanco Offtake project was put into a combined model with other projects,
changes to the river flow regime meant that the pre-processed time series needed to be updated to
ensure Yanco environmental flow regime targets were still meet, and that there were not impacts on
the SFI on the Murrumbidgee River at the sites at Maude and Balranald. As a result it has been
decided to revisit the modelling, and change the approach used in the model to manage inflows into
the Yanco Creek system. This memo summarises how this has been done, and summarises results
when compared against the Benchmark model.
In addition to producing an updated version of the Yanco Offtake project model, a combined Yanco
Offtake and Yanco Effluents post-project model has also been produced. The Yanco Effluent project
includes a number of re-regulation structures on Yanco, Colombo and Billabong Creeks, some works
to existing block banks on mid-Yanco Creek and Billabong Creek at Algudgerie, enlargement of the
capacity of the DC800 drain in Coleambally Irrigation Area to 100 ML/d, and use of Berrigan Escape
for supply of up to 100 ML/d from Murray Irrigation into Billabong Creek near Jerilderie.

Changes to the Benchmark Model to add in Yanco Offtake project
This section summarises a revision of the modelling approach to representing the Yanco Offtake
project, and in how environmental flow requirements are targeted. The model files developed are
summarised in the table below.
Model

Description

Based on

BIDGB009

Adapted Benchmark model

-

BIDGY004

Benchmark model with new Yanco Offtake regulator and associated
flow rules to manage environmental flows in Yanco Creek system

BIDGB009

BIDW001

Benchmark model with new Yanco Offtake regulator and associated
flow rules to manage environmental flows in Yanco Creek system,
and with Yanco Effluents project

BIDGY004

Yanco Offtake structure
Yanco Offtake is modelled by Node 361 (Type 4.1). This was updated to represent the new gate
control. The maximum capacity of the new gate is compared against the existing offtake maximum
capacity in Figure 1 below.
Yanco Offtake maximum capacity
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Maximum Yanco Offtake flow ML/d

7000
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6000
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Proposed structure revised curve

4000
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0
0
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Figure 1 Yanco Offtake existing and post-project maximum capacity rating
Yanco surplus diversion node
Additional flows can be diverted through Yanco Offtake in addition to orders if they are available in
the river (Node 548, Type 3.1).
In the Benchmark model, additional diversions are made when there is a surplus at Wagga Wagga;
when there is a surplus and it falls within October – February period, the structure diverts 6% of the
Wagga surplus. The additional diversion is limited so that the total flow through Yanco Offtake
(including Node 361) doesn’t exceed the maximum capacity rating.
In the post-project model, the surplus node is changed to work as follows:
-

check to see if Reach 1 (Yanco Offtake to Morundah) fresh event is needed and can be
produced
o Calculate total amount potentially available through Yanco Offtake (Yanco
orders+surplus at Narrandera)
o Multiply three 0/1 factors together: 1 if time of year is right (Sep-Dec); 1 if a
successful event hasn’t already been done this year; 1 if Narrandera surplus is large
enough to be useful; if any of these aren’t true (i.e. 0) the overall result is zero and a
surplus diversion for Reach 1 freshes won’t be tried this timestep
o If criteria are meet and surplus available, cap freshes potential diversion including
orders at 2600Ml/d (A)

-

-

Check to see if Reach 4a (Billabong from Colombo junction to Jerilderie) fresh event is
needed and can be produced
o Multiply two 0/1 factors by a large number flag: 10,000 if the is large Narrandera
flow at the moment; 1 if right time of year (Sep-Dec); 1 if a successful event hasn’t
already been done this year; if any of these aren’t true (i.e. 0) the overall result is
zero and a surplus diversion for Reach 4a freshes won’t be tried this timestep
o Product of these is 0 if conditions are wrong, 10,000 if conditions are right (B)
The maximum of A and B is taken (i.e. if either event is on use that, or if both take the Reach
4a large capacity 10,000 value)
Cap the result of max(A, B) at the offtake capacity (this is the total to go through Nodes 361
and 548 into Yanco Creek) (‘C)
Work out the amount to go through 548 by subtracting the amount going through 361 from
(‘C)

Recording whether Fresh >2500Ml/d has occurred in Reach 1
A dummy offline storage (Node 826, Type 6.0 and Node 827, Type 7.0) has been added. This is
allowed to fill in Sep-Dec, and the inflow is throttled so that it fills when there are >3 days of flows
exceeding 2600Ml/d in the creek. It then remains full until 1 January on the following year, when a
large dummy evaporation series empties it prior to the next Sep-Dec period (evap added to
NEWBIDGE.idx/out to be NW2BIDGE.idx/out – the dummy evap is series 18).
This dummy storage is a flag to say whether Reach 1 has already had a successful fresh this year. It is
referenced by the Yanco Offtake surplus Node 548 (see above), when it deciding whether to let
surplus flow into the creek or not.
Minimum flow – Reach 1 (Yanco upstream of Colombo Creek)
There is a target minimum flow in Reach 1 of 250ML/d in the Environmental Flow Study. This is
implemented by changing Node 149 (Type 9.0) to give a minimum order of 250ML/d.
Minimum flow – Reach 2 (Yanco between Colombo Creek and Billabong confluence)
The unused MDBA minimum node is replaced to give a minimum flow that varies by season and by
valley allocation (Node 219, Type 9.0). This aims to supply 200Ml/d throughout the year when
allocations are high, but only 100ML/d when allocations are low. The Node IDT works as follows:
-

Take a minimum flow varying through the year, which will be applied if allocations on 1
September are low
- A low / high allocation flag is multiplied by an additional flow amount, that is added if
allocations are high
In addition, this node is used to produce short freshes events in Reaches 1 and 2 of Yanco Creek. This
is done with:
-

two short periods of 350ML/d independent of allocation that are added to the minimum
flow to produce short freshes in this reach in September / October each year;
two short periods of minimum flow lowered to 150ML/d, with two short 320ML/d peaks to
produce short freshes events, in April and May of each year.

The timing of these short freshes is indicative of how the regulator might be operated to fulfil flow
targets in the creek system, rather than specific dates on which these would necessarily be carried
out.
Yanco Creek adjustment for Coleambally orders
Node 609 (Type 9.0) redistributes Yanco Creek orders onto the CCD and DC800 drains. This node is
changed relative to the post-CARM model and the Benchmark models. This is because CARM
assumes a minimum flow of 50ML/d in this reach. However the environmental flow study requires
200Ml/d. This makes it necessary to redistribute this minimum back off the Yanco Drains and into
Yanco Creek, relative to CARM and the Benchmark.
This affects Node 609, as well as Node 257 (Type 3.1, CCD orders), and Node 264 (Type 3.1, DC800
orders).
Minimum flow – Reach 3 (Colombo Creek)
A minimum flow requirement has added to Node 589 (Type 9.0) at the top of Colombo Creek.
This applies a minimum of 105ML/d between September and May each year, in line with the
environmental flow study.
Recording whether Fresh >2500Ml/d has occurred in Reach 4a
A dummy offline storage (Node 829, Type 6.0 and Node 830, Type 7.0) has been added. This is
allowed to fill in Sep-Dec, and the inflow is throttled so that it fills when there are >3 days of flows
exceeding 2600Ml/d in the creek (including from upper Billabong unregulated tributary flows). It
then remains full until 1 January on the following year, when a large dummy evaporation series
empties it prior to the next Sep-Dec period (series 18 in NW2BIDG.idx/out).
This dummy storage is a flag to say whether Reach 4a has already had a successful fresh this year
from either Yanco Offtake or the Upper Billabong. It is referenced by the Yanco Offtake surplus Node
548 (see above), when it deciding whether to let high river flows into the creek or not.
Note that this differs from the flag used for Reach 1. The Reach 1 flag is used to reference small
Narrandera surpluses, whereas this Reach 4a flag is used for larger Narrandera flows (<20,000Ml/d
as set in Node 548). This is because larger sustained volumes are needed to produce freshes in
Reach 4a than in Reach 1, where smaller inflows may be sufficient.
Minimum flow – Reach 4a (Billabong upstream of Jerilderie)
There is a seasonally varying baseflow target in Reach 4a in the environmental flow study (50Ml/d in
spring – autumn, 250ML/d in winter). Node 820 (Type 9.0). The 200Ml/d is reduced to 70ML/d when
allocations are low.
In addition to the baseflow, a short periods of 350ML/d independent of allocation are also added to
produce short freshes in this reach in September each year.
The Node IDT works as follows:
-

Take a minimum flow varying through the year, which will be applied if allocations on 1
September are low

-

A low / high allocation flag is multiplied by an additional flow amount, that is added if
allocations are high

Minimum flow – Reach 4b (Billabong between Jerilderie and Yanco confluence)
There is a target minimum flow in Reach 4b of 70ML/d over spring – autumn in the Environmental
Flow Study. This is implemented by Node 821 (Type 9.0). It is not allocation dependent.
Minimum flow – Reach 5 (Lower Billabong)
There is a target minimum flow in Reach 5 of 50Ml/d in January – April and 200Ml/d in MayDecember. This is implemented in Node 822 (Type 9.0).
This works as follows:
-

Assign a minimum flow depending on the time of year, based on a high allocation
If allocation is low, the 200Ml/d applied between May and December is reduced to 50Ml/d

Minimum flow – Reach 6 (Forest Creek)
There is a target minimum flow in Reach 6 of 10Ml/d throughout the year. This is implemented in
Node 448 (Type 9.0) as a fixed value demand.

Future manipulation of the model to change outcomes
The additions to the model identified above can be used to change how the model behaves. This
may be useful when adding the project into other combined models, and the statistics for achieving
specific environmental flows in the reaches changes. Suggestions on ways this can be done include:
Achieving baseflow targets
This is most directly controlled by changing the 9.0 minimum flow nodes in the Yanco Creek system.
Most contain FCT’s that specify an annual pattern of minimum flow, and this can be adapted to
increase or decrease the flows achieved.
In addition, baseflow will be sensitive to the allocation level at which baseflow is constrained in low
allocation years (Reaches 2, 4a and 5). Increasing or decreasing the allocation level (currently 0.4)
will directly change the statistics for achieving baseflows.
Achieving freshes and higher flow targets
Performance on smaller freshes targets can be improved by changing the 9.0 minimum flow nodes,
to include additional short periods of elevated (or lowered) flows (this is already done on Reach 2
and Reach 4a).
It can also be achieved by changing the relative inflow threshold and size (days filling) of the dummy
storages on Reach 1 and Reach 4a, and the associated thresholds in Node 548, which control the
operation of the surplus node on the main river. This is a less precise control than changing the 9.0
nodes but less likely to increase the use of regulated water.

The thresholds in the FCTs in Node 548 (which controls river inflows) can also be changed.
Specifically, the Narrandera large flow threshold at which water starts to be diverted (currently
20,000ML/d), and the smaller Narrandera surplus threshold (currently 3,000ML/d).

Impacts of project on modelling outcomes
Tabulated results are provided below for:
-

Environmental Flow Study targets (level of achieving targets, compared to Benchmark)
SFI indicator scoring
Valley licence allocation

Environmental flow study targets
Modelled flows for each reach were evaluated against the targets in the Environmental Flows Study
(see spreadsheets Reach1_E1_A.xls, Reach2_E1_A.xls,…,Reach6_E1_A.xls). The results from this are
summarised in Tables 1 (Yanco Offtake project) and 2 (Yanco Offtake and Yanco Effluents projects
combined). The environmental flow target spreadsheets evaluate model outputs to determine
whether they meet baseflow, freshes, bankfull flow or overbank flow targets.
In some cases the flow target is for multiple events in a season or year. These are generally smaller
freshes events, with targets of the form: 2 events for 1 day duration between November and May. It
is assumed that two consecutive events are independent if there is a period between them with
flows below the threshold for at least 14 days. The evaluation spreadsheets assume the following
when determining how many events occur for each case:
-

An event is initiated if it goes above the flow threshold during the period, or it starts the
period above the threshold (e.g. on 1 November in a Nov-May period)
The event duration must be at least as long as the target duration
An event is counted towards the total for the year if it is followed by 14 days of flows below
the target flow, or if the flow is still above the threshold at the end of the period (e.g. on 1
June in a Nov-May period)

These assumptions apply to both the benchmark and post-project models. Note that for some small
freshes events, the target is only achieved rarely either because the offtake is uncontrolled (in the
benchmark) or because the minimum flow required to supply downstream reaches environmental
baseflow requirements means flows are consistently higher than the threshold (in the post-project
case).
For 15 of the 34 indicators, the Yanco Offtake project indicator achievement exceeds benchmark
levels. However some indicators decrease slightly in 3 cases for this project. As the indicators will
need to be retuned after the proposals are integrated into the package, this scenario sufficiently
demonstrates that adequate water will continue to be available to meet future environmental flow
needs, and that operational rules can be configured to satisfy these indicators.

Table 1 Yanco Offtake project flow target outcomes (Reaches 1, 2, 3 and 4a)
Magnitude
Flow Component

Period

Frequency and Duration
(ML/d)

Adapted
Benchmark

Benchmark + Yanco
Offtake Project

BIDGB009

BIDY004

100%

100%

55%

57%

23%

25%

75%

91%

71%

98%

71%

75%

1%

2%

8%

20%

59%

78%

61%

75%

Reach 1: Yanco Creek from Offtake to Morundah, Colombo Ck upstream
Sheepwash Weir Pool
Bas e flow

All year

250 % of days above bas e flow

Nov-May

450

Aug-Dec

600

Fres hes

Bank full

Sept-Dec

1500

Overbank

Sept-Dec

2500

% of years hat have 2
events for 1 day duration
% of years hat have 2
events for 14 days dura ion
% of years hat have 1 event
for 1 day duration
Num ber of years that have
1 event for 2 day duration
(percent achievem ent over
2 years )

Reach 2: Yanco d/s Colombo Offtake to junction with Billabong Ck
Bas e flow

All year

200 % of days above bas e flow

Dec-Feb

250

Aug-Dec

350

Bank full

Sept-Dec

800

Overbank

Sept-Dec

1000

Fres hes

% of years hat have 3
events for 1 day duration
% of years hat have 2
events for 14 days dura ion
% of years hat have 1 event
for 2 days duration
Num ber of years that have
1 event for 1 day duration
(percent achievem ent over
3 years )

Reach 3: Colombo Creek Sheepwash Weir pool to d/s Cocketdegong Weir

Bas e flow

Overbank

All year

Maintain weir
pools

% of days above bas e flow

Sep-May

105 % of days above bas e flow

100%

100%

Sept-Dec

Num ber of years that have
1 event for 4 day duration
1600
(percent achievem ent over
10 years )

85%

79%

Reach 4a: Billabong Creek frpm Cocketdegong Weir to Yanco Junction (u/s
Jerilderie)
Bas e flow

Fres hes

Bank full

Overbank

Sep-Apr

50 % of days above bas e flow

100%

100%

May-Aug

250 % of days above bas e flow

14%

18%

6%

7%

2%

0%

86%

86%

37%

41%

7%

7%

Sep-Apr

250

Sep-Dec

300

Any

700

% of years hat have 4
events for 2 day duration
% of years hat have 2
events for 28 day dura ion
% of years hat have 1 event
for 1 day duration
Num ber of years that have
1 event for 2 day duration
(percent achievem ent over
2 years )

Sept-Dec

2500

Sept-Dec

Num ber of years that have
1 event for 10 day duration
3000
(percent achievem ent over
3 years )

Table 1 ctd. Yanco Offtake project flow target outcomes (Reaches 4a, 5 and 6)
Reach 4b: Billabong Creek frpm Cocketdegong Weir to Yanco Junction (d/s
Jerilderie)

Base flow

Overbank

All year

Maintain weir
% of days above base flow
pools

Sep-May

70 % of days above base flow

100%

100%

Sept-Dec

Number of years that have
1 event for 1 day duration
1600
(percent achievement over
10 years)

96%

96%

Jan-Apr

50 % of days above base flow

100%

100%

May-Dec

200 % of days above base flow
% of years that have 4
200
events for 7 day duration
% of years that have 1 event
700
for 5 day duration
% of years that have 1 event
1200
for 2 day duration
% of years that have 1 event
1200
for 2 day duration

79%

92%

0%

0%

92%

93%

18%

20%

54%

54%

61%

68%

48%

50%

30%

61%

20%

22%

0%

0%

9%

6%

0%

0%

Reach 5: Lower Billabong
Base flow

Jan-Apr
Aug-Dec
Freshes
Jan-Apr
Oct

Bank full

Overbank

% of years that have 1 event
for 2 day duration

Sept-Dec

1500

Sept-Dec

Number of years that have
1 event for 1 day duration
3000
(percent achievement over
3 years)

Reach 6: Forest Creek
Base flow

Any
Sep-Jan

Freshes

Sep-Nov
Any

Overbank

Sept-Dec

10 % of days above base flow
% of years that have 1 event
100
for 14 day duration
% of years that have 1 event
800
for 14 day duration
% of years that have 1 event
500
for 5 day duration
Number of years that have
1 event for 1 day duration
1500
(percent achievement over
10 years)

Table 2 Yanco Offtake and Yanco Effluent projects flow target outcomes (Reaches 1, 2, 3 and 4a)

Magnitude
Flow Component

Period

Frequency and Duration
(ML/d)

Adapted
Benchmark

Benchmark + Yanco
Offtake + Yanco
Effluents Project

BIDGB009

BIDW001

100%

100%

55%

63%

23%

25%

75%

92%

71%

98%

74%

75%

1%

3%

8%

20%

59%

78%

61%

74%

Reach 1: Yanco Creek from Offtake to Morundah, Colombo Ck upstream
Sheepwash Weir Pool
Base flow

All year

250 % of days above base flow

Nov-May

450

Aug-Dec

600

Freshes

Bank full

Sept-Dec

1500

Overbank

Sept-Dec

2500

% of years that have 2
events for 1 day duration
% of years that have 2
events for 14 days duration
% of years that have 1 event
for 1 day duration
Number of years that have
1 event for 2 day duration
(percent achievement over
2 years)

Reach 2: Yanco d/s Colombo Offtake to junction with Billabong Ck
Base flow

All year

200 % of days above base flow

Dec-Feb

250

Aug-Dec

350

Bank full

Sept-Dec

800

Overbank

Sept-Dec

1000

Freshes

% of years that have 3
events for 1 day duration
% of years that have 2
events for 14 days duration
% of years that have 1 event
for 2 days duration
Number of years that have
1 event for 1 day duration
(percent achievement over
3 years)

Reach 3: Colombo Creek Sheepwash Weir pool to d/s Cocketdegong Weir

Base flow

Overbank

All year

Maintain weir
% of days above base flow
pools

Sep-May

105 % of days above base flow

100%

100%

Sept-Dec

Number of years that have
1 event for 4 day duration
1600
(percent achievement over
10 years)

85%

79%

Reach 4a: Billabong Creek frpm Cocketdegong Weir to Yanco Junction (u/s
Jerilderie)
Base flow

Freshes

Sep-Apr

50 % of days above base flow

100%

100%

May-Aug

250 % of days above base flow

14%

39%

6%

5%

2%

1%

86%

86%

37%

40%

7%

7%

Sep-Apr

250

Sep-Dec

300

Any

700

Bank full

Sept-Dec

2500

Overbank

Sept-Dec

3000

% of years that have 4
events for 2 day duration
% of years that have 2
events for 28 day duration
% of years that have 1 event
for 1 day duration
Number of years that have
1 event for 2 day duration
(percent achievement over
2 years)
Number of years that have
1 event for 10 day duration
(percent achievement over
3 years)

Table 2 ctd. Yanco Offtake and Yanco Effluent projects flow target outcomes (Reaches 4a, 5 and 6)

Reach 4b: Billabong Creek frpm Cocketdegong Weir to Yanco Junction (d/s
Jerilderie)

Base flow

Overbank

All year

Maintain weir
% of days above base flow
pools

Sep-May

70 % of days above base flow

100%

99%

Sept-Dec

Number of years that have
1 event for 1 day duration
1600
(percent achievement over
10 years)

96%

96%

Jan-Apr

50 % of days above base flow

100%

100%

May-Dec

200 % of days above base flow
% of years that have 4
200
events for 7 day duration
% of years that have 1 event
700
for 5 day duration
% of years that have 1 event
1200
for 2 day duration
% of years that have 1 event
1200
for 2 day duration

79%

78%

0%

0%

92%

92%

18%

21%

54%

54%

61%

65%

48%

46%

30%

61%

20%

22%

0%

0%

9%

6%

0%

0%

Reach 5: Lower Billabong
Base flow

Jan-Apr
Aug-Dec
Freshes
Jan-Apr
Oct

Bank full

Overbank

% of years that have 1 event
for 2 day duration

Sept-Dec

1500

Sept-Dec

Number of years that have
1 event for 1 day duration
3000
(percent achievement over
3 years)

Reach 6: Forest Creek
Base flow

Any
Sep-Jan

Freshes

Sep-Nov
Any

Overbank

Sept-Dec

10 % of days above base flow
% of years that have 1 event
100
for 14 day duration
% of years that have 1 event
800
for 14 day duration
% of years that have 1 event
500
for 5 day duration
Number of years that have
1 event for 1 day duration
1500
(percent achievement over
10 years)

SFI outcomes
The model outputs were run through the MDBA “Sledgehammer” tool to assess their impact on the
SFI scores relative to the Adapted Benchmark. This was done for the Adapted Benchmark, model
Y004 (Adapted Benchmark + Yanco Offtake regulator) and W001 (Yanco Offtake regulator and Yanco
Effluent project). These are summarised below in Table 3a (Mid Murrumbidgee), 3b (Lowbidgee) and
3c (Murrumbidgee Freshes).
Note that the SFIs for Murrumbidgee at Narrandera were adapted to take into account the effect of
the Yanco Offtake project on flows downstream of Yanco Offtake. By keeping additional flow in the
river relative to the Benchmark, the project increases the effective inundation area downstream of
Yanco of a specific Narrandera flow (see Page 63 of the Yanco Creek Offtake Business Case, August
2015). The equivalent flows in the post-project model relative to the Benchmark model are shown in
Table 2.
Table 2 Equivalent flows in the Murrumbidgee River at Narrandera to achieve the equivalent
inundation of Mid Murrumbidgee Floodplains Wetlands as the benchmark for each SFI (from table
7 of the Yanco Offtake Business Case)

General security allocation and diversions
The changes to the Yanco Regulator and adding Yanco Creek system minimum flow requirements
will affect the licence allocation within the broader valley. The long-term average allocations from
the model are summarised below in Table 4, for three specific dates over the water year.
Table 4 Comparison of average annual general security allocation (%)
1 October
Effective

1 January
Actual

Effective

1 June
Announced

Effective

Announced

Adapted
benchmark
B009

65.12

48.14

75.74

61.43

84.84

76.23

Offtake
Y004

65.70

48.47

76.30

62.26

85.21

76.86

Offtake and
Effluents
W001

66.04

49.25

76.63

62.66

85.42

77.19

