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Executive summary
This report summarises the analysis undertaken to support the Experienced River Operators
Workshop which was held on 19 April 2012 in Canberra. The workshop brought together river
operations and modelling experts from across the southern connected Basin. It was convened by
the Murray–Darling Basin Authority (MDBA) at the request of the Basin Officials Committee
(BOC) to investigate opportunities for changes to river management arrangements “to more
effectively and efficiently meet the needs of both consumptive users and the environment”. The
request recognised that, despite progressive changes to river management over the past 20
years (including via the Cap on diversions and the Living Murray Initiative), a "new way to
manage rivers" is needed to most effectively implement the Basin Plan.
Workshop participants were encouraged to embrace ‘blue-sky’ thinking, and not to be
constrained by current arrangements. However, in doing so, the workshop identified the
constraints associated with the current arrangements, and where possible, the implications of any
proposed changes for further investigation.
Noting the broad directive by BOC, workshop participants agreed to focus on investigating how to
increase the frequency of overbank flows in the Lower Murray (downstream of Euston) in the
range 50 000ML/d – 80 000ML/d (the “target range”), for a duration of between 7 and 30 days (a
“target event”), every 1:4 or 1:5 years. This decision was made, as achieving such events has
proven to be one of the most intractable environmental flow challenges, for which solutions have
not yet been identified. Works can maintain about 15% of the floodplain in very good condition,
but cannot feasibly maintain the health of the broader floodplain 1. In this part of the river, flows
within the target range achieve the greatest increase in area of floodplain inundated for every
extra gigalitre of flow. In addition, it was hoped that if the problem could be addressed, there
would be flow on benefits for the environment across the southern-connected Basin.

Key attributes of the target events
To inform consideration of how river operations and constraints could be changed to better
achieve the target events, analysis was undertaken of the key attributes of such events under
historical and modelled Without Development and Baseline conditions. In a general sense, the
analysis reinforced what the river operators and modellers instinctively knew. The key findings
are summarised as follows:
•

Significant inflows are required from at least three of the four major valleys (the Upper
Murray, Goulburn, Murrumbidgee, and Lower Darling) for the target events to occur
downstream of Euston.

•

The target events tended to be the culmination of multiple events (or peaks) across
multiple valleys, as opposed to a single event originating in one valley. The initial events

1

Separate consideration is being given to the importance of maintaining the broader floodplain in moderate
condition (requiring large volumes of water, with some risk attached) relative to using works to keep
selected high value components of the floodplain in very good condition (requiring comparatively small
volumes of water, with relative certainty).
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pre-wet, or “prime” the upstream wetlands, forests and floodplains, so that subsequent
events pass through more quickly and with less “loss”.
•

Accordingly, the volume of inflow over multiple events is as important as the peak flows in
generating the target event.

•

Strong correlations were identified between the flow rates from each of the major valleys
and the target event, as summarised in Table 0-1.

Table 0-1: Flow correlations

Upper Murray (incl.
Goulburn
Murrumbidgee
Lower Darling
Kiewa and Ovens)
Correlation between Flow to SA >80 000 ML/d for 7 days and tributary “end of system”
flows
Gauge
Yarrawonga
McCoys Bridge Balranald
Burtundy
>28 000 ML/d
>10 000 ML/d (ie
> 8 000 ML/d1
Flow
>65 000 ML/d
(ie minor flood
overbank flow)
level)
Key factors in the above “end of system” flows occurring under Baseline conditions
>900 GL release
Eildon spill or
>350 GL release
from Hume over 28
unregulated
from Burrinjuck
Factor
N/A
days plus Ovens
tributary
over 28 days plus
inflows
inflows
unreg inflows
Valley

1.

The correlation for the Lower Darling was not as strong as for the other valleys.

•

Given the large volume of water required for a target event to occur, a release of
environmental water could only top up existing (or forecast) high flows in the major
valleys.

•

A review of the Baseline conditions indicated that the major storages (e.g. Hume, Eildon
and Menindee Lakes) are generally in filling/storing mode in winter/spring when a target
event would otherwise have occurred, removing significant volumes of inflows from the
missing events.

•

Further, the Lower Darling was one of the key contributors to the target events under
Without Development conditions, but contributes much less frequently under Baseline
conditions.

•

In theory, releasing environmental water from one or more of these storages at the right
time (e.g. on the second or third peak), to coincide with existing high flows in the River
Murray originating from other sources (e.g. Ovens, Kiewa and Murrumbidgee), could add
volume and/or duration to the event, significantly increase the peak flow, and potentially
“reinstate” a target event.

•

The timing of the inflows from the various valleys to the River Murray is critical for the
target event to occur. Understanding the timing constraints and opportunities is key to
maximise the success of any environmental release, particularly if inflows are at the drier
end of the spectrum for the target event.

•

Flood flow travel times are much longer than regulated travel times and vary significantly
from one event to the next, depending on flow rate and antecedent conditions. This makes
forecasting very difficult. However, implementation will be facilitated by improving
meteorological forecasting capability, and improving modelling and stream flow prediction
capability.
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•

Whilst the unregulated travel times are significantly longer than regulated travel times, the
general patterns under both regulated and unregulated conditions are the same. That is:
o
o

o

Hume and Eildon have relatively similar travel times;
the travel times from the Murrumbidgee storages of Blowering and Burrinjuck
are the longest, being about one week longer than those from Hume and Eildon;
and
the travel time from Menindee Lakes is relatively short under regulated
conditions compared to the other storages, but the unregulated travel time is
more than double the regulated travel time due to the effect of the Great Darling
Anabranch at high flows.

Key constraints to reinstating the target events
A summary of the key channel capacity constraints across the southern connected Basin, which
currently limit the capability to make significant environmental releases (as understood at the time
of writing this report), is shown in Figure 0-1. Workshop participants agreed that whilst there is
scope to change operations to increase the frequency of target events within the current
constraints, it is likely that the more these constraints can be relaxed, the better the outcomes will
be (noting that there may be a corresponding increase in the social and economic costs).

Figure 0-1: Key constraints across the southern connected Basin

Relaxing of the constraints may be able to occur progressively over time, via the implementation
of works and measures such as acquiring easements, providing access to private land cut off,
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and/or constructing levees. These and other constraints will be further investigated by MDBA
through the Constraints Management Strategy, which is a requirement under the Basin Plan.
Potential operating strategies
The above findings, and the estimated flow travel times, were used to generate a number of
possible operating strategies that could be used to increase the chance of achieving the target
event. The strategies involve occasional releases of significant volumes of environmental water
across a broad spatial scale. The operating strategies investigated are summarised in Table 0-2
below. All of these strategies could potentially be applied in conjunction with each other.
Table 0-2: Potential operating strategies

Location

Potential operating strategy

Upper Murray

Release from Hume triggered by high flow at Wagga Wagga. Potential benefits
increase if rate of release could be increased at Doctors Point.

Lower Darling

Regulated release from Menindee Lakes triggered by flow at Euston & indicators of
high flow from other tributaries. Lowest risk option, given travel times.

Lower Murray

Use Lake Victoria to manipulate the passing flow to either extend or increase the peak
flow into South Australia. May conflict with Lake Victoria Operating Strategy.

Goulburn

Release from Eildon triggered by high flow at Wagga Wagga. Given current channel
capacity constraints, aim of release is limited to extending the duration of high flows
generated by unregulated tributaries.

Murrumbidgee

Given that the travel times from the Murrumbidgee storages to the SA border are the
longest in the southern connected Basin, the options are limited to the following:

-

-

Managing Bulk
Diversions and
Supplementary
Access

Regulated release from Burrinjuck to increase Balranald flow and augment
high flows arising from Upper Murray and Goulburn, triggered by high,
unregulated flows at Yarrawonga and/or McCoy’s Bridge; or
release from Burrinjuck to extend duration of existing unregulated event in
Murrumbidgee; or
proactive release from Burrinjuck to meet in-valley environmental
requirements and pre-wet Lower Murrumbidgee floodplain so that
subsequent events are passed with less loss, and possibly a higher peak.

Delay diversions to mid Murray storages (via National Channel) and Waranga Basin
(from Goulburn Weir) during ‘trigger’ years until flow peak passes. Replace at a later
time with environmental water. Similarly, suspend or restrict access to supplementary
flow on the Murray and Murrumbidgee as the peak flow passes.

Preliminary testing of operating strategies using case studies
A number of case studies were developed using simple event-based modelling to explore the
physical feasibility of the potential operating strategies. The case studies were based on a
modelled scenario which represents one way in which 2800 GL of water might be recovered and
used for the environment under the Basin Plan (the BP-2800 scenario, MDBA 2012a). The
releases from storages were simulated via a dummy tributary which adds water to each scenario.
Accordingly, as water is not taken from the storages, the case studies do not incorporate impacts
on storages, accounts, year-to-year operations and other flow indicators.
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To illustrate the case study findings, Figure 0-2 shows what could be achieved with releases from
both the Upper Murray and the Lower Darling. Both releases are triggered by actual flows in other
valleys (as opposed to forecast flows), which have been developed based on an analysis of
successful events and are designed to increase the chance of success. The Hume release
increases the flow at Doctors Point to 40 000 ML/d (assuming the channel capacity constraint at
that location can be relaxed to this extent in future), at a time when the storage would otherwise
be rapidly filling, based on a trigger at Wagga Wagga. Such a release aligns well with what would
have happened naturally. The release from Menindee Lakes is made at a rate of 9 000 ML/d (that
is, at full regulated channel capacity), based on the flow at Euston & indicators of high flow from
other tributaries, and results in the Burtundy flow shown. The releases are timed (via the triggers)
to coincide with a peak inflow from the Murrumbidgee. The total volume of environmental water
released from the two storages is 509 GL; out of a total environmental allocation in that year of
about 1168 GL (estimated value under the BP-2800 scenario). Of the 509 GL released, about
470 GL passes the SA Border. The flow to SA is increased by 13 000 ML/d, which would
inundate about an additional 8 000 ha of floodplain between Lock 6 and the Lower Lakes.

Figure 0-2: Example of preliminary event-based modelling used to test the feasibility of the operating
strategies

Whilst this approach focuses on increasing the frequency of the target event, preliminary results
from the case studies indicate that inundation of indicator sites across the Upper Murray,
Murrumbidgee and Goulburn would also occur simultaneously. However, there will need to be
some shift in the patterns of watering relative to the BP-2800 scenario, and the implications for
the full range of flow indicators needs to be further tested and evaluated. As previously stated,
since water is not taken from the storages, the case studies do not incorporate impacts on
storages, accounts, year-to-year operations and other flow indicators.
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Further, whilst no modelling has yet been undertaken of the environmental account, it is likely that
carry-over of environmental water would be required to allow sufficient environmental water to
accumulate for such large, episodic operations to be successful.
To provide a preliminary indication of the number of opportunities that might arise to implement
the operating strategies, the triggers developed for the releases from Hume and Menindee Lakes
were applied to the full modelled period. The aforementioned caveats should be noted, and in
particular that, as this approach does not incorporate the impact of such environmental releases
on year-to year operations, it may overestimate the number of medium-sized flow events
generated from spills. Further modelling is required to more accurately investigate the impact
these releases would have over the full 114 year modelled period.
Figure 0-3 shows a bar graph representing the peak 7 day flow under Baseline (dark blue), BP2800 (light blue) and the increase from the BP-2800 scenario if 300 GL is released from Hume
and 200 GL from Menindee Lakes when the triggers are activated (red). Whilst only three events
are increased above the 80 000 ML/d target set by the Basin Plan flow indicators, a number of
events have successfully been augmented within the target zone (50 000 ML/d to 80 000 ML/d),
which significantly increases the area inundated (as shown in Figure 0-4) and would improve the
condition and resilience of the floodplain vegetation.

Figure 0-3: Results of case studies, after application to full modelled period – increase in peak seven day Flow
to SA

In the Target Zone, the relatively small increases in flow in Figure 0-3 are associated with
significant increases in the area inundated (see Figure 0-4). These improvements are more
significant for each extra GL of flow, than those that occur outside the Target Zone. For example,
in 1889 the BP-2800 scenario makes an improvement of about 15 000 ML/d to the 7 day peak
flow, which converts to about an extra 2 000 hectares inundated in this reach. In contrast, in 1924
the operating strategies applied improve the peak flow by only about 6 000 ML/d, but the area
inundated increases by close to 7 000 hectares. Accordingly, significant benefits arise from any
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increase within the Target Zone, regardless of whether or not the 80 000 ML/d flow indicator is
met. Given this, increased flexibility in environmental targets and reporting of outcomes would
help to reduce a perceived risk that trials may be considered to have “failed” if they don’t quite
meet a specific target.

Figure 0-4: Results of case studies, after application to full modelled period – increase in area inundated from
Lock 6 to the Lower Lakes

The proposed operating strategies are quite different to current regulated operations, and there
are risks inherent in their implementation (for example, in forecasting flows). However,
environmental operations have been implemented to an increasing degree over the last 15 years,
and it can reasonably be expected that water managers and river operators will continue to
deliver such flows more effectively and efficiently over time.

Agreed outcomes from the workshop
Workshop participants agreed that the work to date indicates that it is physically feasible to
release environmental water from storage(s) in a coordinated manner to boost existing high flows
in rivers and increase the frequency of overbank flows in the Lower Murray (downstream of
Euston) in the target range (50 000ML/d to 80 000ML/d), noting the following significant issues:
•
•
•
•
•

inundation of privately owned land;
legal questions/issues including liability of water managers and operators;
water accounting issues;
determination, recognition and resolution of impacts on irrigation entitlements and state
shares (if any); and
water policy issues/rules including consideration of an enabling and uniform
environmental carry-over system.
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It was suggested that the work undertaken to inform the workshop indicates that the full volume
of water proposed to be recovered for the environment under the Basin Plan can be used
effectively providing relevant constraints are resolved.

Further work
Workshop participants agreed that investigations and analysis into the possible operating
strategies, triggers, constraints and issues should continue. This is a significant body of work,
which hinges on upgrading and integration of the hydrological models of the Murray,
Murrumbidgee and Goulburn Rivers, and is likely to take two to three years to investigate in the
first instance, and in the order of a decade to implement.
Much of the work required is not specific to the operating strategies discussed at the workshop,
but is required in a general sense to assist water managers and river operators to use the
available environmental water as effectively and efficiently as possible. Some of this work has
already commenced. The ongoing work required is summarised in Table 0-3 below:
Table 0-3: Ongoing and further work required

Area

Items to be addressed

Technical

•
•

Resolution of
barriers

•
•
•
•
•

Implementation

•

Community

•

Model development (e.g. inclusion of accounts, new hydraulic and/or
floodplain inundation models) and integration
Modelling of operating strategies, triggers and barriers. Assessment of
benefits and impacts (including implications for existing irrigation
entitlements, if any)
Strengthen underpinning science and ecology
Key physical constraints (e.g. via easements, access works, levees)
Environmental water policy (e.g. carryover rules)
Legal issues (e.g. operator indemnity, revise MDB Agreement)
Water accounting (e.g. to allow the use of environmental water during
periods of unregulated flow; accounting for multi-use of environmental
water )
Progressive implementation via trial and application of adaptive
management principles

Educate, inform and consult with affected communities
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1 Introduction
1.1 Background
At the Legislative and Governance Forum for the Murray–Darling Basin (MDB) held on
4 November 2011, Ministerial Council agreed for the Basin Officials Committee (BOC) to develop
a comprehensive work program to further investigate opportunities for changes to river
management arrangements "to more effectively and efficiently meet the needs of both
consumptive users and the environment".
This followed BOC meeting 13 – 6 October 2011, at which BOC considered the same matter and
agreed "in the first instance, this work should be progressed by a workshop including senior river
operators".
Subsequently at meeting 15 - 16 February 2012, BOC requested “the Murray–Darling Basin
Authority (MDBA), as part of the Multi-Site Watering Program and the Experienced River
Operators Workshop, to explore and recommend potential short/interim and longer term
arrangements to allow for the delivery of environmental water including during periods of
unregulated flow”.
Accordingly, the experienced river operator’s workshop was organised by the MDBA and held on
19 April 2012 in Canberra. The workshop was facilitated by independent consultant David Dole,
and was attended by river operations and modelling experts from across the southern connected
Basin.

1.2 Focus and scope of the Experienced River Operators’ Workshop
The step-by-step approach to water reform over the past 20 years (including the Cap on
diversions, the Living Murray Initiative and the Basin Plan) has so far resulted in progressive
changes to river operations being made within the general framework that had evolved over the
previous 70 years, which focused on maximising water availability for consumptive use. The
request from the BOC for the MDBA to convene this workshop recognises that a "new way to
manage rivers" is needed; one which best meets the needs of both consumptive users and the
environment.
The modelling undertaken to inform the Basin Plan, along with earlier studies, indicates that the
most difficult environmental flow objectives to achieve are those requiring overbank flow in the
lower reaches of the River Murray. Whilst this is not the only difficulty, it is one of the most
intractable, for which solutions have not yet been identified. The workshop therefore focused on
how to increase overbank flows in the Lower Murray.
As the achievement of overbank flows in the Lower Murray requires inputs from multiple sources,
the workshop considered how the management and operation of the southern connected Basin
could be changed. It contemplated a range of opportunities, such as making regulated releases
from the main storages on the Murray, Murrumbidgee, Goulburn and/or Darling to supplement
high inflows from the other tributaries (both regulated and unregulated).
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The workshop was not constrained by the current water sharing, management or operating
arrangements 2, or prior practice. However, it had regard to the fundamental principles implicit in
such arrangements, and where possible identified the constraints and the implications of any
proposed changes for further investigation.

1.3 About this report
A significant amount of work related to the Experienced River Operators workshop already exists,
going back at least 10 years. The research and analysis undertaken to inform the workshop has
aimed to draw on, and extend upon, the relevant components of such existing work.
This report includes the results of analysis undertaken in relation to the workshop, some of which
was completed after the workshop was held.
This report collates the following material:
•

a brief overview of the modelling undertaken for the Basin Plan;

•

rationale for the workshop focus;

•

the key attributes of high flows in the southern-connected system;

•

the key attributes of high flows in the individual valleys: the Murrumbidgee, Goulburn and
Murray river systems;

•

possible operating strategies;

•

case studies and a preliminary indication of long term outcomes; and

•

further work.

Whilst this report summarises relevant constraints as known at the time of report preparation, it
does not include all constraints to increasing flows in the southern connected Basin. A separate
process is underway to prepare a Constraints Management Strategy, further to Section 7.08 of
the Basin Plan, including to identify and describe the physical, operational and management
constraints that are affecting, or have the potential to affect, environmental water delivery.

2

as set out in the Murray-Darling Basin Agreement, state legislation, state water sharing plans (or
equivalent)
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2 Basin Plan modelling
The work undertaken to inform the workshop, builds on the modelling undertaken for the Basin
Plan in 2011, described in full in MDBA, 2012a. In summary, the aim of the Basin Plan modelling
was to sustainably maintain the flood dependent vegetation communities or bring back to
sustainable levels those communities in decline.
An indicator site approach was used to describe a flow regime that will benefit the rest of the
reach, as well the indicator sites. This approach was taken as good information is available for
the indicator sites, compared to the rest of the reaches. Hydrological information was interfaced
with ecological information to determine the flow indicators of each indicator site (and therefore
each reach).
The scenarios modelled included Without Development, Baseline and a scenario to represent the
recovery and use of 2 800 GL of water for the environment under the Basin Plan (BP-2800). The
scenarios cover the period 1895 to 2009 (114 years).
Environmental demands were included in the BP-2800 scenario to meet multiple flow indicators
at multiple sites across the whole Basin. Environmental water was released to meet these
demands within the framework of the current constraints (with the exception of the Barmah
choke, through which overbank flows were allowed for environmental releases only). This
scenario represents only one possible use of the environmental water, out of potentially
thousands of different scenarios.
Given the constraints, demands for the Lower Murray were only included in the modelled
scenarios for flow indicators up to 80 000 ML/d. Above that, the flow indicators were reported
against for comparison purposes only.
In the BP-2800 scenario, the high uncertainty targets for flow indicators at Chowilla of
40 000 ML/d and 60 000 ML/d are met; there is minor improvement in the 80 000 ML/d flow
indicator (4 extra events in 114 years); and no improvement beyond that.
Further Basin Plan modelling was undertaken in mid-2012, after the Experienced River Operators
Workshop, to explore the flow regime changes and potential environmental benefit that would
result if some of the major existing river operating constraints in the southern connected system
were relaxed. The modelling indicates that if constraints can be overcome, there are likely to be
ecological benefits for floodplains, particularly if combined with greater volumes of water recovery
(MDBA 2012b).
The most scope for improving the achievement of targets in the Lower Murray by changing
operations and/or relaxing constraints is thought to be in the range 60 000 ML/d – 80 000 ML/d.
The reason for this is that operators can make regulated releases to generate flows up to but not
exceeding minor flood level in upper reaches, which still have a significant impact on areas
inundated downstream of Euston.

Page 3

Summary of analysis undertaken to support the experienced river operators workshop

3 Rationale for workshop focus
Workshop participants agreed to focus on investigating how to reinstate overbank flows in the
Lower Murray (downstream of Euston) in the target range 50 000ML/d to 80 000ML/d. The
following Sections outline the importance of flows in the target range, and the potential role that
can be played by environmental works and measures, to explain the rationale for this decision.
It is likely that in achieving the target event, other flow indicators will also be achieved at these
and other locations across the southern-connected Basin.

3.1 The Target Zone
Figure 3-1 indicates the area inundated along the length of the lower River Murray from Lock 6 to
the Lower Lakes at various flows, including permanent wetlands and the river itself. It shows a
slow rise in area inundated up to 40 000 ML/d, indicating the limited benefit that increasing low,
in-channel flows has on the floodplain. Between 50 000 and 80 000 ML/d (highlighted in Figure
3-1 as the Target Zone), there is a significant increase in area inundated for each increment in
flow, with the highest increase occurring between 70 000 and 80 000 ML/d. Any increase within
the Target Zone will help to maintain the health and resilience of the floodplain. The rate of
increase in area flattens out above 80 000 ML/d, and the relative benefits of each extra gigalitre
are again reduced.

Figure 3-1: Area inundated at various flows, from Lock 6 to the Lower Lakes

To some extent, the large events (above 80 000 to 90 000 ML/d) will continue to occur without
intervention, and are likely to be outside the scope of what can be managed without triggering
minor or larger flood levels upstream.
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As outlined above, the modelled BP-2800 scenario targeted events up to 80 000 ML/d for the
Lower Murray, but was most successful at achieving flow targets of less than 50 000 ML/d, as
such flows can be more readily delivered within existing constraints.
The target zone defines the extent of the “actively managed floodplain”, which differentiates
between the area of the floodplain that can be inundated via active management (such as with
works and regulated releases), and the area that can only be inundated by large events that
occur outside of operator control.

3.2 Outcomes in relation to the workshop focus
At the workshop, the following outcomes were agreed in relation to the focus of the workshop:
•

There was some interest in investigating the scope to increase flows in the Lower Murray
above 80 000 ML/d, and testing whether the constraints are common to the higher flows.
However it was agreed that the focus of the workshop should initially be on the target
event.

•

A view was also expressed that the importance of maintaining the broader floodplain in
moderate condition using overbank flows (requiring large volumes of water, with some risk
attached) should be weighed up against sustaining selected high value components of the
floodplain in very good condition using environmental works (requiring smaller volumes of
water, with comparative certainty in achieving outcomes).

•

Despite the above issues being raised, there was consensus to further investigate ways to
better achieve flows in the Lower Murray (downstream of Euston) in the range
50 000ML/d – 80 000ML/d (the “target range”), for a duration of between 7 and 30 days (a
“target event”), every 1:4 or 1:5 years. It was noted that there may be scope to refine the
target event based on further ecological information.

•

The workshop therefore considered alternative ways of delivering the water recovered for
the environment under the Basin Plan that would increase the frequency at which the
target events occur.
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3.3 The role of environmental works
The role that environmental works can play in assisting to maintain the health of components of
the floodplain is illustrated in Figure 3-2 and Figure 3-3, following.
Figure 3-2 shows the area inundated from Lock 5 to Lock 7 which encompasses the Chowilla
wetlands. The highlighted area (red, blue and green) shows the wetlands and floodplain
inundated at 40 000 ML/d. The area highlighted in blue is the area inundated due to the use of
works. The Chowilla works are effective under regulated flows, but cannot be operated when the
flow exceeds about 50 000 ML/d and the banks are overtopped.
The total area inundated is 9 104 ha; most of which occurs due to the works. There is little
inundation upstream (green) and downstream (blue) of the works area. The works cover less
than a third of the floodplain in this reach. This figure illustrates that whilst a small portion of the
floodplain can be kept in good health using works and regulated flows, the areas upstream and
downstream will remain in decline.
In contrast, Figure 3-3 shows the same area of floodplain inundated by a flow of 80 000 ML/d. A
total of 34 000 hectares is inundated and this is not restricted to the area covered by works. Both
the upstream and downstream areas also receive benefits at these flow rates. The same effect
occurs along the length of the Lower Murray (from Euston to Wellington).
Table 3-1 (reproduced from The Guide to the proposed Basin Plan) provides an indication of the
impact of the existing works in a reach context. Whilst works can play an important role in
keeping small areas of the floodplain in very good condition, the majority of opportunities for
effective gravity fed works have already been capitalised on as part of The Living Murray
environmental works and measures program. Large pump stations could be used to water the
different vegetation communities higher on the floodplain (such as black box), but these are
difficult to implement, expensive to install, maintain and operate and the opportunities are limited.
Perhaps 15% of the floodplain (from Euston to Wellington, inundated by flows up to
100 000 ML/d) can be looked after in this way. However, it is not feasible to maintain the health of
the remaining 85% of the floodplain using works. The broader floodplain will therefore continue to
decline unless we can reinstate flow events within the target range of 50 000 to 80 000 ML/d.
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Figure 3-2: Area inundated at Chowilla at 40 000 ML/d

Figure 3-3: Area inundated at Chowilla at 80 000 ML/d
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Table 3-1: Impact of existing or proposed works in a reach context

(Table reproduced from The Guide to the proposed Basin Plan, Volume 2, Part 2 (MDBA 2010))

Key environmental
asset hydrologic
indicator site

Reach description

Area inundated by works

Lower Murrumbidgee
River Floodplain

Murrumbidgee River floodplain
between Hay and Balranald
Area of floodplain estimated to be
a
120 000 ha.

Lowbidgee Irrigation District
70 000 ha, or 60% of reach
c
represented

Gunbower–Koondrook–
Perricoota

River Murray floodplain between
Goulburn and Wakool Rivers. Area
of floodplain regularly inundated is
about 71 000 ha, while the broader
floodplain has an area of about
b
180 000 ha.

Gunbower works 5 000 ha
d
Koondrook works 16 000 ha
Total 21 000 ha or, 12 to 30% of
reach represented

Hattah Lakes

River Murray floodplain between
Murrumbidgee and Darling Rivers.
Area of floodplain regularly
inundated is about 38,500 ha while
the broader floodplain has an area
b
of about 140 000 ha.

Hattah works 5,600 ha , or 4–15%
of reach represented

Riverland – Chowilla
Floodplain

River Murray floodplain between
Darling River and Lower Lakes.
Area of floodplain regularly
inundated is about 130 000 ha,
while the broader floodplain has an
b
area of about 222 000 ha.

Chowilla works 6 000 ha
d
Mulcra works 800 ha
Total 6,800 ha, or 3–5% of reach
represented

d

d

d

a

Estimate based on analysis of wetlands mapping undertaken by Kingsford, Thomas & Knowles (n.d.)

b

Estimates based on data presented in Overton et al. (2006)

c

Estimate based on analysis of wetlands mapping undertaken by Kingsford, Thomas & Knowles (n.d.), and
mapping of Lowbidgee Irrigation District (Combined Irrigation Areas of Australia Dataset, Bureau of Rural
Sciences 2008)

d

Estimates based on The Living Murray unpublished data.

4 Key attributes of high flows in the southern-connected
Basin
To inform consideration of how river operations and constraints can be changed to better achieve
the target flows in the Lower Murray, analysis was undertaken of some of the key attributes of
high flows in the southern-connected Basin (refer Figure 4-1: Schematic of the southern
connected Basin). This Section summarises this work. It includes:
•

the relative yields from the main contributing valleys;

•

origins of high flows in the Lower Murray, and how this differs under Without Development
and Baseline conditions;

•

typical high flow patterns;
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•

high flow correlations; and

•

travel times.

Further analysis of the key attributes of the major contributing valleys: the Murrumbidgee,
Goulburn, and Murray Rivers, follows in Sections 5, 6 and 7 respectively.

Figure 4-1: Schematic of the southern connected Basin
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4.1 Relative yields from the major valleys
Figure 4-2 shows the average annual yields at various points in the major contributing valleys in
the southern connected Basin for the full modelled sequence (114 years). The yields for the
modelled Without Development, BP-2800 and Baseline scenarios are shown. It also illustrates
how these flows combine to create the flow in the Lower Murray.
The Upper Murray is the major contributor of the flow in the Lower Murray, followed by the
Goulburn, the Murrumbidgee and lastly the Darling. This is consistent for all scenarios, and is
important to keep in mind when reinstating flows. The yields decrease under BP-2800 and
Baseline scenarios as water is extracted to provide for consumptive needs. This effect
aggregates downstream, such that the biggest impact is in the Lower Murray, where the average
yields have been reduced by at least 50% under Baseline conditions. The outflow from Hume and
the flow at Gundagai are higher under the BP-2800 and Baseline scenarios, than under Without
Development scenario, due to the extra inflow from the Snowy Scheme.

Figure 4-2: Comparison of modelled average annual flows in the southern connected Basin (over 114 years)

4.2 The source of high flow events in the Lower Murray
Figure 4-3 shows the monthly outflows for the contributing valleys for the 70 wettest years,
ranked from wettest to driest in terms of total inflows. It was created by undertaking a coarse
assessment of monthly outflow from each valley that contributed to high flow events in the lower
Murray under the modelled Basin Plan Without Development conditions. In the figure, the red
‘caps’ denote the events for which the Flow to SA was greater than 80 000 ML/d for at least 7
days (“target events”). Under Without Development conditions there are 52 target events over the
114 year modelled sequence.
Figure 4-3 indicates that there are significant inputs to the target events from at least four valleys
under the Without Development conditions. The high flow events are due to wet seasons across
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multiple valleys, as opposed to a single event originating in one valley. Significant inputs from the
three major valleys (the Murrumbidgee, Goulburn and Upper Murray) are frequent and consistent.
Inflows from the Ovens and Darling Rivers are also common.
Volumetrically, the minimum inflow required to achieve a target event is about 2500 GL/month,
however more typically 3 000 GL/month is required (noting that the flows are measured at the
various junctions with the River Murray, and therefore does not take into account the losses that
would be experienced as the flow travels downstream and through the various wetlands and
forests before it enters South Australia).
Notably, under Without Development conditions, the ten wettest events have in the order of 5 000
to 8 000 GL/m of inflow.

Figure 4-3: Flow Contributions under modelled Basin Plan Without Development Conditions, ranked from
wettest to driest
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Figure 4-4: Flow contributions under modelled Basin Plan Baseline Conditions, ranked according to the
Without Development conditions

Figure 4-4 shows the same years, in the same order as in Figure 4-3, but for the Basin Plan
Baseline conditions. Figure 4-4 shows that the inputs from the valleys are significantly reduced
under Baseline conditions. The number of target events is reduced from 52 under Without
Development conditions, to 17 under Baseline. The ten wettest years remain successful although
the inflows are reduced by between 500 GL and 2 000 GL in volume. It is likely that these wettest
events will continue to occur, regardless of the operating strategy employed (subject to climate
change).
The remaining seven target events generally occurred if the preceding year(s) were relatively
wet, so that the major storages spill earlier in the season and with much higher volumes. Much of
the inflows are removed from these ‘intermediate’ years, as the large storages in the major
tributaries are emptied to meet irrigation diversions and then re-filled in the wetter years. In some
years the inflows have been reduced by as much as 3 000 GL. The relatively unregulated inflow
from the Kiewa and the Ovens are comparatively unchanged, and these become relatively more
important in providing smaller events (or freshes) in the drier years, given the reduced inflows
from the other valleys.
Across the entire Baseline series, the inflows from the Darling River are significantly reduced, and
infrequently contribute to high flows in South Australia.
Figure 4-5 contains the same data as Figure 4-4, except that the years are now ranked from
wettest to driest according to total inflows under the Baseline conditions. As for the Without
Development conditions, the minimum volume of inflow required to achieve a target event is
about 2 500 GL/m. However there are two years during which this minimum volume is met, but
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the timing of the inflows does not line up, and the target event is not achieved (1958 and 1918).
Notably, whilst there tends to be significant inputs from fewer valleys for any given event under
Baseline conditions, the contributions from the Murrumbidgee, Goulburn and Upper Murray
remain crucial.

Figure 4-5: Flow Contributions under modelled Basin Plan Baseline Conditions, ranked according to the
Baseline conditions

Figure 4-5 also provides some insights regarding when regulated releases of environmental
water could be made from storages to increase the chance of achieving a target event. Given the
scale of the minimum volume of inflow required for a target event to occur (about 2500GL/m), it is
necessary for there to be existing high flows (or a high probability of such flows) occurring in the
major valleys, for operators to be able to supplement. It is not possible to create an event of this
magnitude from a standing start. Accordingly, the shaded “Zone of Influence” highlights the
events that river operators could potentially influence. Events above this zone are likely to occur
regardless of the operating strategy. Events below this zone have insufficient volume to be able
to augment them to the target range, within reasonable constraints and using the volume of
environmental water expected to be available under the Basin Plan.
In a number of the years within the “Zone of Influence”, there are less than 2 500 GL/m of inflows,
and significant inflows from some of the major valleys are missing. In these years, a well-timed
release of environmental water from one or more of the major storages (Hume, Menindee Lakes,
Eildon or Burrinjuck) could reinstate a target event. For example, in 1936, there is a missing
Darling inflow and in 1983 there is a missing Hume release.
In some years within the “Zone of Influence”, there appears to be enough volume to produce a
high flow but the timing of the peak flows from the various valleys do not align and therefore the
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peak flow in the lower Murray does not reach the target. For example in 1936, the spill from
Hume is too late and doesn’t coincide with the inflow from the other tributaries, particularly the
Murrumbidgee. In these years, it may be possible to make an effective environmental release,
instead of waiting for a spill, so that the inflows coincide to create a higher peak.
Understanding the timing constraints and opportunities is a crucial part of managing the
downstream hydrograph. To achieve flows in the target range, operators will need to be able to
effectively time releases of environmental water from storages to ensure that they coincide with
inflows from other valleys.

4.3 Typical high flow patterns
4.3.1

Peak historical flows

Figure 4-6 shows the peak historical flows at various points in the southern-connected Basin.
Importantly, many of these peaks did not occur at the same time, and a number occurred prior to
the construction of Eildon, Hume and Dartmouth dams. For example, the peak flow at
Torrumbarry occurred in 1916. Such high flows would not be expected at this site under current
conditions. Even in 1956, which is renowned for being the biggest recorded flood in South
Australia, the peak flow at Torrumbarry was 65 000 ML/d. Nevertheless, Figure 4-6 provides a
useful illustration of the flow patterns and paths during the high flow events.

Figure 4-6: Peak Historical Flows at Key Points in the southern connected Basin
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Notes:
*The flow at Barmah can be affected by back flows from the Goulburn River, which results in misleading results from
the rating table. Whilst the historical peak recorded flow is about 60 000 ML/d, the actual historical actual flow
is estimated to be in the order of 35 000 ML/d.
**Daily flow records for the Flow to SA commence in 1968, however the historical peak occurred in 1956. The peak
daily flow included in this figure was determined by disaggregating the monthly historical flow using the pattern
from the same event in the modelled Baseline scenario.

It is important to note that what is considered the main stem of the River Murray (through Barham
and Swan Hill) does not deliver the bulk of the high flows. The majority of the overbank flow
travels overland (mostly through the forests) to the Edward Wakool system, and re-joins the River
Murray at the Wakool Junction.
In a similar way, little of the high flows are retained within bank through the Lower Murrumbidgee.
Most of the high flows depart from the main stem between Hay and Maude, and travel overbank
via the Lower Murrumbidgee Floodplain, with any return flows re-joining the main stem of the
river by Balranald, much later on.
4.3.2

Peak flows in 1992

Figure 4-7 shows the peak flows for a single high flow event in 1992, when all of the major
storages were complete.
The same flow patterns are shown as in Figure 4-6, with significant overbank flow from the
Murray to the Edward Wakool System, and flows significantly reduced through the main stem of
the lower Murrumbidgee.
Notably, whilst inflows from most of the valleys are reasonably high, they are not extremely high,
and there was very little inflow from the Darling River. Importantly, it is the combination, duration
and timing of the flows that creates a peak flow to South Australia in excess of 80 000 ML/d.
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Figure 4-7: Peak 1992 Flows at Key Points in the southern connected Basin

4.4 Flow correlations
A number of investigations were undertaken to identify what the minimum flow from each of the
tributaries needs to be, to produce a high flow (> 80 000 ML/d) to South Australia. These
statistics were produced by looking at the modelled maximum outflow from the tributaries over
the year. Note that no consideration was given to travel times or the absolute relationship
between the high flows and the final hydrograph at the SA border.
4.4.1

Murrumbidgee

For the Murrumbidgee, Table 4-1 indicates that the outflow at Balranald is almost always above
10 000 ML/d (i.e. just overbank), when the flow to SA exceeds 80 000 ML/d. The channel
capacity at Balranald is about 9 000 ML/d, therefore a flow in excess of 10 000 ML/d is indicative
that flows have gone overbank through the Lower Murrumbidgee floodplain.
However, Table 4-1 also indicates that the reverse correlation does not follow i.e. a flow in excess
of 10 000 ML/d at Balranald does not necessarily indicate that the flow to SA will exceed
80 000 ML/d. This is most likely because significant inflows from the Upper Murray and Goulburn
valleys would be required to coincide with a high outflow from the Murrumbidgee for flows
>80 000 ML/d to occur in the Lower Murray.
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Table 4-1: Correlation between Murrumbidgee outflow (Balranald) and flow to SA > 80 000 ML/d

% yrs
Balranald>
10 000 ML/d

% yrs Flow to
SA >80 000
ML/d

When Balranald
>10 000, % yrs Flow
to SA >80 000 ML/d

When Flow to SA
>80 000 ML/d, % yrs
Balranald
>10 000 ML/d

Without
Development

71%

46%

62%

96%

Baseline

38%

15%

37%

94%

BP-2800

46%

18%

36%

95%

Modelled
Scenario

4.4.2

Goulburn

For the Goulburn, the analysis indicates that the key outflow from the Goulburn at McCoy’s
Bridge is 28 000 ML/d, which is approximately equivalent to the minor flood level at that location.
The last column in Table 4-2 indicates that such a flow condition is almost always present when
the flow to SA is >80 000 ML/d. As for the Murrumbidgee, the reverse correlation is not as strong,
as significant inflows from Murrumbidgee and Upper Murray are required to coincide with such an
outflow for the flow to SA to be >80 000 ML/d.
Note that the hydrological model of the Goulburn uses a monthly time-step, and therefore the
monthly data (MDBA 2012a) was disaggregated to a daily flow to produce the figures in Table
4-2.
Table 4-2: Correlation between Goulburn outflow (McCoys Bridge) and flow to SA > 80 000 ML/d

Modelled
Scenario

% yrs McCoys
>28 000 ML/d

%yrs Flow to
SA
>80 000 ML/d

When McCoys
>28 000 ML/d, %yrs
Flow to SA >80 000
ML/d

When Flow to SA
>80 000 ML/d, %yrs
McCoys >28 000 ML/d

Without
Development

88%

46%

52%

100%

Baseline

52%

15%

29%

100%

BP-2800

58%

18%

29%

95%

4.4.3

Upper Murray

For the Upper Murray, the analysis indicates that the key flow at Yarrawonga is 65 000 ML/d. The
last column in Table 4-3 indicates that such a flow condition is almost always present when the
flow to SA >80 000 ML/d.
The reverse correlation is not as strong under Baseline and Basin Plan conditions; partly because
of the dominating effect of Hume Dam; but also because significant inflows from Murrumbidgee
and Goulburn are required to coincide with such a flow from the Upper Murray for the flow to SA
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to be > 80 000 ML/d. However, under the Without Development conditions, there was a good
correlation that if the flow at Yarrawonga exceeded 65 000 ML/d (85%), then the flow to SA would
exceed 80 000 ML/d.
Table 4-3: Correlation between Upper Murray flow (at Yarrawonga) and flow to SA > 80 000 ML/d

Modelled
Scenario

% yrs
Yarrawonga >
65 000 ML/d

% yrs Flow to
SA
>80 000 ML/d

When Yarrawonga
>65 000, % yrs Flow
to SA >80 000 ML/d

When Flow to SA
>80 000 ML/d, % yrs
Yarrawonga
>65 000 ML/d

Without
Development

48%

46%

85%

90%

Baseline

30%

15%

47%

94%

BP-2800

24%

18%

59%

80%

4.4.4

Lower Darling

For the Lower Darling, the analysis indicates that the key flow at Burtundy is 8 000 ML/d. The last
column in Table 4-4 indicates that such a flow condition is almost always present when the flow
to SA exceeds 80 000 ML/d. Notably, the reverse correlation is even weaker than for the
upstream tributaries, as such a low flow entering the River Murray that close to the SA border is
clearly only “topping up” the significant inflows from the larger upstream sources: the upper
Murray, Goulburn and/or Murrumbidgee.
Table 4-4: Correlation between Lower Darling flow (at Burtundy) and flow to SA > 80 000 ML/d

Modelled
Scenario

% yrs
Burtundy >
8 000 ML/d

% yrs Flow to SA
>80 000 ML/d

When Burtundy
>8 000, % yrs Flow to
SA >80 000 ML/d

When Flow to SA
>80 000 ML/d, % yrs
Burtundy >8 000 ML/d

Without
Development

95%

46%

48%

100%

Baseline

59%

15%

21%

82%

BP-2800

54%

18%

26%

80%

4.5 Travel times
Figure 4-8 shows the relative travel times for both regulated and unregulated flows from the
headwater storages in the southern-connected system to Lake Victoria.
Regulated travel times (i.e. for those flows considered in-channel) are relatively well known. On
the contrary, the travel times for unregulated flows and are heavily dependent on both the flow
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rate and the antecedent conditions. They may change from event to event and are relatively hard
to predict. Accordingly, the numbers included in Figure 4-8 are indicative estimates only.
Whilst the unregulated travel times are significantly longer than regulated travel times, the
general patterns under both regulated and unregulated conditions are the same. That is:
•

Hume and Eildon have relatively similar travel times (noting that unregulated travel times
in the Goulburn are not well known and may vary significantly);

•

the travel times from the Murrumbidgee storages of Blowering and Burrinjuck are the
longest being, about one week longer than those from Hume and Eildon; and

•

the travel time from Menindee Lakes is relatively short compared to the other storages,
but the unregulated travel time is more than double the regulated travel time due to the
effect of the Great Darling Anabranch at high flows.

In addition, a comparison of historical flow traces shows that peaks from the Upper Murray tend
to arrive at Yarrawonga Weir, at about the same time that peaks from the Goulburn arrive at
McCoy’s Bridge (see Figure 4-9).
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Figure 4-8: Indicative regulated (blue) and unregulated (green) travel times to Lake Victoria
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Figure 4-9: Historical daily flow at McCoys Bridge (Goulburn River) and downstream of Yarrawonga Weir
(Upper Murray)

Comparison of these travel times provides a range of possibilities for triggering regulated
releases of environmental water from storages to coincide with high flows from other sources. For
example:
•

Wagga Wagga could be used as a trigger for a release from Hume and/or Eildon to align
high flows from the Upper Murray and the Goulburn with high flows from the
Murrumbidgee.

•

Euston could be used as a trigger for a regulated release (15 days) from Menindee Lakes
to coincide with a high flow in the River Murray.

•

Yarrawonga and/or McCoys Bridge could theoretically be used as a trigger for a regulated
release from the Murrumbidgee storages. However, a limitation of this approach is that it
is unlikely that regulated flow conditions will be present in the Murrumbidgee during high
flow events in the Upper Murray/Goulburn as the high flows normally originate from the
same rainfall events.

Potential operating strategies and triggers are further described in Section 8, and some are
tested using simple event-based case studies in Section 9.
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5 Murrumbidgee River System – Key attributes
This section includes further analysis of the key attributes of the Murrumbidgee River System,
including:
•

an overview of key features;

•

relevant channel capacity and physical constraints;

•

typical high flow patterns and correlations; and

•

travel times.

5.1 Overview
Flows in the Murrumbidgee River are highly regulated, with significant volumes of water extracted
for irrigation purposes. It is influenced by the Snowy Mountains Hydro-electric Scheme,
Burrinjuck Dam (1024 GL) and Blowering Dam (1631 GL), which is on the Tumut River. Balranald
is at the end of the Murrumbidgee River, just upstream of the junction with the River Murray.

Figure 5-1: Murrumbidgee River System

The indicator sites identified under the Basin Plan for the Murrumbidgee include the nationally
significant Mid Murrumbidgee River Wetlands and Lower Murrumbidgee Floodplain.
The Mid Murrumbidgee River Wetlands, are located on the floodplain from Wagga Wagga to
Carrathool (refer Murrumbidgee River Profile in Appendix A: Murrumbidgee River System
background) and receive flows from the river mostly during winter and spring floods.
The Lower Murrumbidgee floodplain is located downstream of Maude, around the confluence
with the Lachlan River and receives floods overbank or via controlled diversions from Maude and
Redbank weirs, most often during winter and spring. There are a large number of water control
structures on the floodplain.
Further background information for the Murrumbidgee River System and its indicator sites is
included in Appendix A: Murrumbidgee River System background.

5.2 Channel capacity and physical constraints
The known and relevant channel capacity and physical constraints along the length of the
Murrumbidgee River as understood at the time of this report, are indicated in Figure 5-2.
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It was noted at the workshop that flow constraints at various locations along the rivers are not
well known, as they have never been deliberately tested. For example, it is not clear what level of
flow could be targeted at Balranald, using environmental releases, without causing significant
impacts on local landholders. Although the minor flood level at Balranald is relatively high at
26 000 ML/d, the impact of this high flow on the surrounding areas requires further investigation.
The following feasibility studies, to investigate two of these constraints, are currently underway as
part of a broader Environmental Works and Measures Feasibility Program funded by The
Australian Government under the Sustainable Rural Water Use and Infrastructure Program.
5.2.1

Upper Murrumbidgee environmental flow enhancement

The Upper Murrumbidgee environmental flow enhancement project will investigate the feasibility
of raising the operational flow limit at Gundagai of 32 000 ML/d (based on the risk of flooding
Gundagai and Mundarlo Bridge), to allow improved environmental outcomes for the Mid
Murrumbidgee River wetlands. The investigation will include the potential for this to provide
environmental water efficiencies and will identify the need for complementary actions such as the
purchase of easements.
5.2.2

Nimmie-Caira System enhanced environmental water delivery project

The Nimmie-Caira System enhanced environmental water delivery project will investigate the
potential to enhance environmental water delivery to key ecological assets in the Lower
Murrumbidgee floodplain and potentially downstream in the Murray Valley. The investigations will
consider the potential to provide both significant environmental benefit and reduce environmental
water requirements through changed land use and the use of existing or enhanced infrastructure
to better deliver environmental water.
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Figure 5-2: Relevant channel capacity and physical constraints on the Murrumbidgee River
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5.3 Typical high flow patterns
5.3.1

High flow patterns along the Mid Murrumbidgee

The historical flow data plotted in Figure 5-2 indicates that significant attenuation occurs as flow
events move downstream along the mid-Murrumbidgee. Whilst the hydrograph is delayed and
reduced it is still possible to trace the individual peaks as they move downstream. This
attenuation would be due to the combined effects of filling/watering of the Mid Murrumbidgee
River Wetlands, and the significant diversion off-takes in the area. Some water also passes down
the Yanco Creek, and eventually joins the Edward-Wakool system via Billabong Creek, however
this is a long slow path, and water that flows down this path would travel too slowly to align with
the peak flows from other locations. Flow down the Yanco Creek is controlled to some extent by
raising and lowering of the Yanco Weir, but control could significantly be enhanced by the
installation of gates at the creek’s off-take.

Figure 5-3: Typical attenuation effect of high flows through the mid Murrumbidgee River (historical data). The
period from December 1984 shows regulated summer releases.

5.3.2

High flow patterns along the Lower Murrumbidgee

There is a significant gradual reduction of the channel capacity of the Murrumbidgee River
downstream of Hay Weir (see Figure 5-2). As this occurs, more and more flow goes overbank,
onto the Lower Murrumbidgee floodplain, outflanking Maude and Redbank weirs. The floodplain
acts like a sponge: the “losses” are high; and there is significant attenuation of the peak flow. The
flow past Balranald (at the end of the system) remains at approximately 9 000 ML/d until the
Lower Murrumbidgee floodplain fills and the overbank flow returns to the river (refer Figure 5-4).
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Figure 5-4: Attenuation of high flows through the Lower Murrumbidgee Floodplain, 1983 - 1985 (historical data)

The extent of overland flows in this area can be seen in Figure 5-5 which shows a satellite image
of the March 2012 event in the Murrumbidgee, which peaked at 65 000 ML/d at Hay on 19 March
2012 and about 11 000 ML/d at Redbank Weir in early April 2012 (which was around 0.2 m below
the 1974 flood peak). Some lakes to the west of the area inundated in the photo would also have
been wet under Without Development conditions; however levees now prevent such inundation.

Figure 5-5: Extent of overbank flows in the Lower Murrumbidgee River for the March 2012

It was indicated at the workshop that landholders on the lower Murrumbidgee floodplain operate
structures in the area so that the floodplain has the capability to absorb, and minimise the impact
of, large floods. Alternatively, these structures could potentially be operated to pre-wet the Lower
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Murrumbidgee floodplain with regulated releases. This would achieve local in-valley
environmental outcomes, but would also mean that when the higher flows arrive, they pass more
quickly to the River Murray, with fewer losses. However, orders for irrigation demands and such
environmental releases may compete for the limited available channel capacity at Gundagai,
depending on the timing. Scope for alternative operation of floodplain structures in this area is
being considered as part of the Nimmie-Caira System enhanced environmental water delivery
project (refer 5.2.2).
The effect of the channel capacity restriction and the Lower Murrumbidgee floodplain can also be
seen when the outflows at Balranald are plotted against their probability of exceedance as shown
in Figure 5-6.

Figure 5-6: Balranald exceedance probability curve (daily modelled flow)

5.3.3

High flow correlations

Section 4.4.1 indicated a strong correlation between target events in Lower Murray and overbank
flows at Balranald (located at the end of the Murrumbidgee system). Further analysis was
therefore undertaken to investigate what conditions are required in the Murrumbidgee, to
generate such flows at Balranald.

Initially a comparison was made with spills from Burrinjuck 3. The results for the Baseline and BP2800 scenarios are included in Table 5-1. The table indicates that Burrinjuck spills frequently, and

3

This analysis was undertaken with the intention of identifying the type of conditions under which a release
could be made from the Upper Murray or Goulburn, which would have a good chance of increasing the
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that overbank flow at Balranald occurs in 33% to 46% of years, depending on the scenario. Under
both scenarios, when overbank flows events at Balranald do occur, they almost always include
spill from Burrinjuck. However, the reverse correlation is not so strong: that is, a spill at Burrinjuck
only results in overbank flow at Balranald in 57% to 72% of years, depending on the scenario.
Table 5-1: Correlation between spill from storage and overbank flows at Balranald

Modelled
Scenario

% yrs (& no.
of years)
Burrinjuck
a,b
spills

% yrs (& no.
of years)
Balranald Q >
10 000 ML/d

No of yrs
Burrinjuck
spills &
Balranald Q >
10 000 ML/d

When
Burrinjuck
spills, % yrs
Balranald
Q >10 000 ML/d

When Balranald
Q >10 000 ML/d,
% yrs
Burrinjuck
spills

Baseline

67% (76)

38% (43)

38

57%

100%

BP-2800

63% (72)

46% (53)

52

72%

98%

Notes:
a)

Spill from Burrinjuck includes pre-release, where applicable.

b)

For interest, the average volume of spill over the whole 114 years, for each of the scenarios is as follows:
Baseline: 1262 ML/d; and BP-2800: 1118 ML/d.

The same analysis was completed to see if there was a correlation between the volume of
release at Burrinjuck and the overbank flows at Balranald (see Table 5-2). Note that no
consideration has been given for travel time in this analysis. The table indicates that if the volume
of release from Burrinjuck exceeds 350 GL in 4 weeks (28 days) then it is highly likely that there
will be overbank flows at Balranald (>10 000 ML/d). However, the reverse correlation isn’t as
strong. This suggests that the tributaries which join the Murrumbidgee downstream of Burrinjuck
and Blowering are important contributors to high flow events.
The average flow required to produce 350 GL in 28 days is only 12 500 ML/d. This is within the
regulated release restriction of 32 000 ML/d at Gundagai so, depending on the volume of
diversions and losses en route, it may be possible to create overbank flow at Balranald under
regulated conditions. The capability to do this could be assessed via further modelling.

flows in the Lower Murray into the target range. It was not intended that the operation of the Murrumbidgee
be designed to maximise spill.
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Table 5-2: Correlation between volume of spill from Burrinjuck and overbank flows at Balranald

Modelled
Scenario

% yrs Balranald
Q >10 000 ML/d

%yrs 28 day
volume of
release from
Burrinjuck
>350GL

When volume of
release >350GL ,
%yrs Balranald Q
>10 000 ML/d

When Balranald
Q >10 000 ML/d,
%yrs volume of
release > 350GL

Without
Development

71% (82)

51% (58)

98%

70%

Baseline

38% (43)

29% (33)

91%

70%

BP-2800

46% (53)

32% (37)

95%

66%

Feedback provided at the workshop indicated that the duration of high flows (ie. the total volume
of the event) is more important than the actual peak, in terms of driving overbank flows at
Balranald. Overbank flows could therefore be achieved by either a very high flow for a relatively
short period, or a long sustained release at a lower flow. Spill from storage would therefore be an
inefficient way of creating overbank flow at Balranald (noting that pre-releases are made in most
cases prior to a spill). Given the long travel times, it may be more appropriate to use
environmental water in the Murrumbidgee to pre-wet the Murrumbidgee floodplain, so that the
attenuation of a subsequent event (which could be boosted by releases from the Upper Murray or
Goulburn Rivers) is minimised. Potential operating strategies are further discussed in Section 8.
5.3.4

Tributary contributions to high flows in the Murrumbidgee

To further investigate the importance of the unregulated tributary inflows to high flows in the
Murrumbidgee River, Figure 5-7 shows the average inflows 4 for the wettest third of months (as
measured at Balranald under the Without Development scenario). Note that, as extractions and
losses are not taken into account, the total inflow exceeds the outflow at Balranald. These are
compared to the average inflows in the same months under the BP-2800 and Baseline scenarios.
Figure 5-7 shows that under all scenarios, during the high flow events, the greatest inflows are
sourced from Burrinjuck and secondly from the reaches below the storages to Gundagai. Further,
whilst the average monthly inflow volume remains relatively unchanged for the unregulated
inflows (in the reaches Burrinjuck/Blowering to Gundagai and Gundagai to Wagga Wagga), their
relative significance in generating the outflow at Balranald increases, as the regulated releases
from the storages decrease under the BP-2800 and Baseline scenarios.

4

Most inflows to the Murrumbidgee River System join the river upstream of Wagga Wagga.
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Figure 5-7: Contributions to Balranald end of system flows in the Murrumbidgee (includes losses)

5.4 Travel times
A breakdown of the time taken for water to flow downstream along the Murrumbidgee under both
regulated and unregulated conditions is indicated in Figure 5-8.
The regulated travel times are based on a flow of 32 000 to 35 000ML/d at Gundagai released
from Blowering and Burrinjuck, for example, as in June 2011 (pers.comm. A. McLean, 2012). The
regulated travel times used by State Water differ slightly (most likely due to lower flows) as
follows: Balranald to Redbank 3 days; to Maude 6 days; to Hay 7 days; to Gogeldrie 13 days; to
Berembed 15 days; to Wagga Wagga 17 days; to Gundagai 19 days; to Blowering 20 days; and
to Burrinjuck 21 days.
The time taken for an unregulated flow peak to travel downstream is much slower and will vary
significantly from one event to the next, depending on the flow rate and the antecedent
conditions.
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Figure 5-8: Indicative regulated (blue) and unregulated (green) travel times along on the Murrumbidgee River to Balranald

Page 31

Summary of analysis undertaken to support the experienced river operators workshop

6 Goulburn River System – Key attributes
This section includes further analysis of the key attributes of the Goulburn River System,
including:
•

an overview of key features;

•

relevant channel capacity and physical constraints;

•

typical high flow patterns and correlations; and

•

travel times.

6.1 Overview
The Goulburn River system is located in north-central Victoria and flows into the River Murray
upstream of Echuca. It is regulated by Lake Eildon (3 334 GL), and water is diverted west from
the Goulburn Weir via a distribution system that connects all the way to the Loddon River, and
includes the Waranga Basin (refer Goulburn River Profile in Appendix B: Goulburn River System
background). McCoys Bridge is at the end of the Goulburn River, about 35 kilometres upstream
of the junction with the River Murray.
The Goulburn River system also includes the Broken River and Broken Creek. Lake Nillahcootie
with a capacity of 40 GL regulates water supply in the Broken River. The Broken Creek diverges
from the Broken River at Caseys Weir west of the Winton Wetlands (previously Lake Mokoan)
and flows north-west into the River Murray upstream of Barmah.
As a major contributor to high flows in the Murray, the following sections focus on the Goulburn
River itself.

Figure 6-1: Goulburn River System

The indicator site identified under the Basin Plan for the Goulburn is the nationally important
Lower Goulburn River Floodplain, located downstream of Loch Garry. Further background
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information for the Goulburn River System and its indicator site is included in Appendix B:
Goulburn River System background.
6.1.1

Channel capacity and physical constraints

The known and relevant channel capacity and physical constraints along the length of the
Goulburn River as understood at the time of writing this report are indicated in Figure 6-2. There
are currently significant constraints that will limit the opportunities for environmental water to be
released from Eildon to boost inflows from its unregulated tributaries, which join the river
downstream of Eildon. These include:
•

The channel capacity below Eildon
In the Molesworth/Seymour area, minor flooding occurs at 12 000 ML/d resulting in
inconvenience and flooding to private land around the township. During regulated periods,
when irrigation and environmental demands coincide, the capacity available to the
environment is likely to be further limited (perhaps to only 5,500 ML/day). However irrigation
demands tend to reduce during periods of unregulated flow, so the capacity for environmental
releases below Eildon may temporarily increase back towards 12 000 ML/d, subject to inflows
downstream of Eildon and other constraints further downstream;

•

The channel capacity of the lower Goulburn
The minor flood level at Shepparton is 26 000 ML/d, and at this level flooding of private land
commences. Further downstream, an extensive levee system has been constructed in the
lower Goulburn floodplain to protect private land from flooding up to 50 000 ML/d. When the
flow exceeds 50 000 ML/d, the Loch Garry regulators are opened to allow flood water past the
levees. This manages the flooding and minimises the pressure on the weirs. The regulators
are fully open at 85 000 ML/d.

Such constraints should be further investigated to determine whether measures (such as
acquiring easements, providing access, or constructing levees) can be undertaken to lift such
constraints and allow higher releases to be made. In the short term, however, environmental
releases from Eildon could perhaps be used to extend the duration of high flow events, or to meet
base flow and fresh flow indicators. Potential operating strategies are further discussed in Section
8.
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Figure 6-2: Relevant channel capacities and constraints on the Goulburn River System
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6.2 Typical High flow patterns
6.2.1

High flow patterns along the Goulburn

The historical data from 1996, plotted in Figure 6-3, shows a typical flow pattern in the Goulburn
River System. As indicated previously, the flows tend to progressively increase between Eildon
and Shepparton due to inflows from the unregulated tributaries. The peak flow for the Goulburn is
generally recorded at Shepparton, after which (depending on the conditions) there is usually a
small degree of recession and attenuation through the Lower Goulburn Floodplain. Notably,
however, the attenuation caused by the Lower Goulburn Floodplain appears to be less significant
than that which occurs when high flow events pass through many of the other indicator sites,
such as the Barmah–Millewa Forest or the Lower Murrumbidgee Floodplain.

Figure 6-3: Progression of a high flow event along the Goulburn River (historical data)

6.2.2

High flow correlations

Section 4.4.2 indicated a strong correlation between target events in the Lower Murray and flows
of 28 000 ML/d at McCoys Bridge, which is equivalent to minor flood level at that location. Further
analysis was subsequently undertaken to investigate what conditions are required in the
Goulburn, to generate such flows at McCoys Bridge.
Initially a comparison was made with spills from Eildon 5. The results for the Baseline and BP2800 scenarios are included in Table 6-1. Eildon spills infrequently under the Baseline scenario,

5

This analysis was undertaken with the intention of identifying the type of conditions under which a release
could be made from the Upper Murray or Murrumbidgee, which would have a good chance of increasing
the flows in the Lower Murray into the target range. It was not intended that the operation of the Goulburn
be designed to maximise spill.
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as it is a large storage with a relatively small catchment area. However, minor floods occur at
McCoys Bridge in nearly 60% of years. It follows that when minor floods do occur at McCoys
Bridge, they include spill from Eildon less than a third of the time. This indicates that the
tributaries downstream of Eildon are crucial in generating the minor flood events under Baseline
conditions. This is further investigated in Section 6.2.3.
On the other hand, when Eildon does spill, a minor flood occurs at McCoys Bridge almost every
time. Whilst infrequent, a spill from Eildon could be used as an indication that there is likely to be
minor flooding at McCoys Bridge. It may be more useful however, to test whether a trigger could
be developed based on the inflow from one or more of the unregulated tributaries.
Table 6-1: Correlation between spill from Eildon and overbank flows at McCoys Bridge

Modelled
1
Scenario

% yrs (& no. of
years) minor
flood at McCoys
Bridge
(Q >28 000
ML/d)

% yrs (&
no. of
years)
Eildon
2
spills

No. of years
Eildon spills &
minor flood at
McCoys

When Eildon
spills, % yrs
minor flood at
McCoys

When minor
flood at
McCoys, %
years Eildon
spills

Baseline

18% (21)

59% (67)

20

95%

30%

BP-2800

31% (37)

3

66% (75)

37

100%

49%

Notes:
1.

Statistics are based on modelled daily disaggregated data (MDBA 2012a).

2.

Spill from Eildon includes pre-release, where applicable.

3.

Under scenario BP-2800, there is increased spill from Eildon. However, this scenario represents just one possible
way of utilising the Basin Plan environmental water. It is likely that use of the environmental water will be refined
over time. This may alter the chance of spill under the Basin Plan so that it is closer to that under Baseline
conditions.

6.2.3

The source of high flows in the Goulburn

The relative contribution of flows from the catchment upstream of Eildon to the McCoys Bridge
flow has been further analysed, as shown in Figure 6-4.
To create the plot, the monthly flow at Eildon was expressed as a percentage of the monthly
McCoys Bridge flow. Subsequently, for each month, the percentage was averaged with that for all
other months that had at least the same monthly McCoys Bridge flow 6. This is plotted in Figure
6-4 against the monthly McCoys Bridge flow.

6

For example, the data point at the lowest McCoys Bridge flow (c. 10 000 ML/month) represents the
average for all data, while at higher McCoys Bridge flows only data for months with flow larger than that
month’s flow have been included in the average.
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Average of the Eildon flow as percentage of McCoys Bridge flow for months
with McCoys Bridge flow >= flow at x-axis
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Figure 6-4: Eildon monthly outflow expressed as percentage of McCoys Bridge monthly flow, averaged for
months with a McCoys Bridge flow at least equal to the McCoys Bridge flow on the x-axis

Under Without Development conditions, the contribution of the catchment upstream of Eildon to
the end of system flow is about 43%, and only varies from 37% to 45% depending on the McCoys
Bridge flow threshold used. Accordingly, the unregulated tributaries downstream of Eildon
contribute the balance (63% to 55%) of the McCoys Bridge flow.
This changes significantly under the Baseline conditions. At times of low flows at McCoys Bridge
(mainly regulated summer flows), the flow downstream of Eildon can be up to 300% of the flow at
McCoys Bridge, as releases are made for irrigation purposes and diverted en route. However, if
the monthly flow at McCoys Bridge is 79 GL/m or more, the contribution of Eildon is significantly
reduced. Such flows are captured in the storage and re-regulated to meet subsequent irrigation
demands.
In terms of reinstating the Basin Plan flow indicators for the Lower Goulburn Floodplain, monthly
flows at McCoys Bridge of between 333 GL/m and 685 GL/m are most of interest (refer Table
14-7, Appendix B: Goulburn River System background). This flow range also incorporates
events that exceed minor flood level at McCoys Bridge (28 000 ML/d), which are important in
contributing to target events in the Lower Murray. This range is highlighted in Figure 6-4. Under
Baseline conditions, the contribution of Eildon to the McCoys Bridge flow has been reduced to
between 15% and 23% in this flow range. The inflows from the unregulated tributaries
downstream of Eildon are therefore important to meeting both in-valley and downstream flow
indicators under the Baseline conditions, and will continue to be so under the Basin Plan.
The figure also indicates that (theoretically, at least) there is scope to release environmental
water from Eildon to top up peak inflows from the unregulated tributaries, and to increase the
chances of achieving both local flow indicators, and boosting flows into the target range in the
Lower Murray. This has occurred to some extent in the BP-2800. However there are two main
constraints to overcome to facilitate such an operation, as follows:
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•

the channel capacity downstream of Eildon, as indicated in Section 6.1.1Channel capacity
and physical constraints; and

•

it would be very difficult to boost peak flows downstream without foreknowledge of the rainfall
and the catchment response. Local rainfall – run-off modelling may assist with this in future.

Until such constraints can be overcome, environmental releases from Eildon might be best used
to extend the duration of high flow events to the extent possible using the available channel
capacity, or to meet base flow and fresh flow indicators. Potential operating strategies are further
discussed in Section 8.
6.2.4

Tributary contributions to high flows in the Goulburn

Figure 6-5 shows the average monthly inflows to the Goulburn River for the wettest third of
months (as measured at McCoys Bridge, under Without Development conditions). These are
compared to the average inflows in the same months under the BP-2800 and Baseline scenarios.
Whilst it reinforces the findings of the previous section, it also indicates that the unregulated
inflows in the reach from Eildon to Trawool are the most significant, and are a key driver of high
flow events in the river, particularly under Baseline and BP-2800 scenarios.

Figure 6-5: Tributary Contributions to end of system high flows in the Goulburn

6.3 Travel times
A breakdown of the time taken for water to flow downstream along the Goulburn under both
regulated and unregulated conditions is provided in Figure 6-6. The unregulated flow peaks travel
downstream much more slowly than regulated flows, and the travel times also vary significantly
from one event to the next, depending on the flow rate and the antecedent conditions. In the
figure, the lower estimate of the unregulated travel time is based on a known “rule of thumb” of
double the regulated travel time, whilst the upper estimate is based on estimates for flows of
20 000 ML/d to 60 000 ML/day in the Goulburn River Environmental Flows Hydraulics Study,
prepared for the GBCMA (Water Technology 2010).
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Figure 6-6 Illustrative regulated (blue) and unregulated (green) travel times (in days) along on the Goulburn to the Murray Junction

Page 39

Summary of analysis undertaken to support the experienced river operators workshop

7 River Murray System – Key attributes
This section includes further analysis of the key attributes of the River Murray System, including:
•
•
•
•

an overview of key features;
relevant channel capacity and physical constraints;
typical high flow patterns and correlations; and
travel times.

7.1 Overview
The River Murray System includes the Mitta Mitta River; the River Murray; the Lower Darling
River (downstream of Menindee Lakes) and Great Darling Anabranch; and the Edward-Wakool
anabranch system that leaves the main stem of the River Murray upstream of Barmah and reenters it upstream of Euston. Flows in the River Murray System are augmented by releases from
the Snowy Mountains Hydro-electric Scheme.
The River Murray System is highly regulated, and significant volumes are diverted for irrigation
purposes. There are four major storages: Dartmouth Dam (3 856 GL), Hume Dam (3 005 GL),
Menindee Lakes (1 731 GL) and Lake Victoria (677 GL).

Figure 7-1: River Murray System

The indicator sites identified under the Basin Plan for the River Murray System include the
following sites of national importance: the Barmah–Millewa Forest; the Gunbower–Koondrook–
Perricoota Forest; Hattah Lakes; the Riverland-Chowilla Floodplain (including Lindsay-MulcraWalpolla); the Great Darling Anabranch lakes; and the Lower Lakes, Coorong and Murray Mouth.
A number of these sites are listed as sites of international importance under the Ramsar
convention, and all but the Great Darling Anabranch lakes are ‘Icon Sites’ under The Living
Murray Initiative.
Of these, the indicator sites directly influenced by the target flows in the Lower Murray are the
Hattah Lakes and the Riverland-Chowilla Floodplain. It is expected that there will also be benefits
for overbank flow indicators at the other sites, however there may be trade-offs with flow
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indicators for base flows and freshes. More detailed modelling is required to assess the overall
outcomes.
Further background information about the River Murray System and its indicator sites is included
in Appendix C: River Murray System background.

7.2 Channel capacity and physical constraints
The known constraints along the length of the River Murray System (as understood at the time of
writing this report) that will limit the opportunities for releasing environmental water to boost flows
to the Lower Murray are shown in Figure 7-2, with the major current constraints being:
•

The regulated release from Hume

This is currently limited to a flow at Doctors Point of 25 000 ML/d (this includes inflows from
the Kiewa River). However, it has been proposed that easements could be acquired in future
to allow releases of environmental water up to 40 000 ML/d at Doctors Point. Some access
issues would also need to be resolved to facilitate such a release. Both these flow rates are
below the minor flood level at Albury.
•

The release from Yarrawonga

The release of environmental water to date has not previously caused the flow downstream of
Yarrawonga to exceed 30 000 ML/d. The impacts on private landholders of increasing flows
above this level, but without exceeding minor flood level downstream of Yarrawonga, are not
yet clear. Further investigation is required to determine the extent of the impacts and whether
measures (such as acquiring easements, providing access, or constructing levees) could
practicably be taken to reduce inconvenience and confirm the legal right to make higher
releases of environmental water.
•

The regulated release from Menindee Lakes

This is currently limited to a flow at Weir 32 of about 9 000 ML/d. Above this, “losses”
increase, as flow diverts to the Great Darling Anabranch and onto the floodplain. It is
understood that inundation of, and restriction of access to, private property commences at
around 16 000 ML/d. It has been suggested that, subject to further investigation, a regulator
could be installed to provide greater control over flows to the Anabranch, potentially allowing
for the delivery of environmental water to the Lower Murray at up to 16 000 ML/d (which is
below the minor flood level at Weir 32 of about 18 000 ML/d).
Further, on the Lower Murray in SA there are concerns relating to the inundation of, and
restriction of access to, privately owned shacks and caravan parks downstream of Morgan as
flows increase above 60,000 ML/d 7. It is understood that the South Australian government is
developing a policy to alleviate this issue, which will include an appropriate warning system for
future high flow events.

7

Some access roads and other associated infrastructure in SA may be affected by flows less than
60,000 ML/d, but this is considered to be manageable.
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Figure 7-2: Relevant current channel capacity constraints on the River Murray System
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In the short term, however, environmental releases from Hume and Menindee Lakes could be
made within the current constraints to top up and or extend inflows from the Ovens, Kiewa,
Goulburn and Murrumbidgee. Potential operating strategies are further discussed in Section 8.

7.3 Typical high flow patterns
7.3.1

High flow patterns along the Mid Murray

There is a significant natural reduction of the channel capacity of the River Murray at Barmah,
caused by the Barmah choke. This restriction forces flows greater than about 10 000 ML/d into
flood runners and overbank into the Barmah–Millewa forest. Various creeks in NSW and Victoria
(such as the Bullatale and Gulf Creeks) can carry “good-sized” flows into the forest during floods
and significant attenuation of the peak flow occurs within the forest. In addition, the river divides
at this location, and some of the flow passes north along the course of the Edward River. As a
result, regardless of the flow upstream, the flow at Barmah rarely exceeds 30 000 ML/d (refer
Figure 7-3).

Figure 7-3: Typical attenuation of high flows through the Barmah–Millewa Forest, showing subsequent inflows
from the Goulburn (historical data)

Downstream of the Barmah–Millewa Forest, the Goulburn joins the mid Murray. The resulting
increase in the flow at Torrumbarry is illustrated in Figure 7-3. High inflows from the Goulburn
River, can also cause back flow to occur Barmah, further increasing the extent of inundation of
the Barmah–MiIlewa Forest.
In the region from Torrumbarry to the Wakool Junction, there are numerous flood runners and a
limited channel capacity such that a significant proportion of the flow is conveyed overbank, into
the Gunbower–Koondrook–Pericoota Forest. Significant volumes of water travel overbank, and
move north into the Wakool River. The Wakool River is the main carrier of the flood flows in this
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part of the system. As a result, regardless of the inflow from either the upper Murray or the
Goulburn, the maximum flow at Torrumbarry Weir is about 60 000 ML/d. Similarly, the peak
historical daily flow recorded at Swan Hill is 35 000 ML/d (see Figure 7-4). There can also be
significant irrigation diversions from the Torrumbarry Weir Pool via the National Channel. The
channel has a capacity of 4 000 ML/d, and diverts water to the Victorian mid Murray storages
(including Kow Swamp, Lake Boga and Kangaroo Lake).

Figure 7-4: Typical attenuation of high flows along the mid-Murray, showing the flow from the Edward and
Wakool Rivers combining with that from the Murray at the Wakool Junction (historical data)

The pattern of inflows into the Edward –Wakool system, particularly from the Goulburn River, but
also from the Upper Murray, are reflected in the outflow, and where the rivers re-join the Murray
at the Wakool Junction (see Figure 7-4 and Figure 7-5).
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Figure 7-5: Typical makeup of the outflow of the Edward-Wakool system in comparison to inflows from the
Goulburn and the Upper Murray (historical data)

Below the Wakool Junction, the Murrumbidgee River joins the Murray. As shown in Figure 7-6,
the Murrumbidgee adds volume to the hydrograph but has limited influence on the shape of the
peak.

Figure 7-6: Typical increase in flows in the Murray due to Murrumbidgee River inflows (historical data)

Further downstream at Wentworth, the Darling River meets the Murray, adding further volume
when it is flowing, as shown in Figure 7-7.
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Figure 7-7: Typical increase in flows due to the Darling River inflows (historical data)

7.3.2

High flow patterns along the Lower Darling River and Great-Darling Anabranch

In the Lower Darling River, releases from the Menindee Lakes commence to flow to the Great
Darling Anabranch via “the Cutting” at about 9 000 to 10 000 ML/d. Beyond this point, water
increasingly flows overbank: it is diverted to the Anabranch, and “losses” increase significantly as
the floodplain is wet. It takes a lot of flow from upstream, to gradually increase the flow at
Burtundy (near the junction with the Murray). Figure 7-8 shows the gradual increase in Burtundy
flows from about 10 000 ML/d.

Figure 7-8: Typical progression of peak flows along the Lower Darling River (historical data – note, some data
from Weir 32 is missing in mid-1977)
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Figure 7-9 indicates that the flow at Burtundy has historically only exceeded about 15 000 ML/d in
about 5% of years. During large floods, flood flows from the Upper Darling bypass the Menindee
Lakes via the Talyawalka Creek. This additional inflow increases the volume of water flowing into
the Lower Darling and past Burtundy.

Figure 7-9: Probability exceedance plot showing Weir 32 outflow and flow at Burtundy (outflow to the Murray)
(based on 53 years of historical data)

7.3.3

High flow correlations

Section 4.4.3 indicated a strong correlation between target events in Lower Murray and flows in
excess of 65 000 ML/d at Yarrawonga Weir. Accordingly, further analysis was undertaken to
investigate what conditions are required in the Upper Murray, to generate such flows at
Yarrawonga.
Initially a comparison was made with spill and pre-releases from Hume 8. The results for the
Baseline and BP-2800 scenarios are included in Table 7-1. The table indicates that Hume spills
in 29% to 46% of years, depending on the scenario: less when the environmental demands are
included for the Basin Plan; and more under the Baseline scenario. High flows (in excess of
65 000 ML/d) occur at Yarrawonga in about a quarter to a third of years.
When high flows at Yarrawonga do occur, they almost always include spill from Hume. However,
the reverse correlation is not quite so strong: that is, a spill from Hume results in high flows at
Yarrawonga in about two-thirds of years.

8

This analysis was undertaken with the intention of identifying the type of conditions under which a release
could be made from the Goulburn or Murrumbidgee, which would have a good chance of increasing the
flows in the Lower Murray into the target range. It was not intended that the operation of Hume be designed
to maximise spill.
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Table 7-1: Correlation between spill from storage and high flows at Yarrawonga

Modelled
Scenario

% yrs (& no.
of years)
Hume spills

% yrs (& no.
of years)
Yarrawonga
>65 000 ML/d

No. of years
Hume spills &
Yarrawonga
>65 000 ML/d

When Hume
spills, % yrs
Yarrawonga
>65 000 ML/d

When
Yarrawonga
>65 000 ML/d,
% yrs Hume
spills

Baseline

46% (52)

30% (34)

31

60%

91%

BP-2800

29% (33)

24% (27)

22

67%

81%

Notes:
1.

Releases from Hume includes any release above 25 000 ML/d (and therefore pre-release), where applicable.

In addition, the correlation between the volume of release from Hume and a high flow at
Yarrawonga was investigated. It was found that if the 28 day (4 week) release volume exceeded
900 GL then it was highly likely that flows at Yarrawonga would be above 65 000 ML/d. However,
the reverse correlation is not as strong, that is when Yarrawonga flow exceeds 65 000 ML/d, the
release from Hume exceeds 900 GL in only 70 - 78% of years. The average flow rate to produce
this effect is about 32 000 ML/d which is above the current regulated release restriction of 25 000
ML/d (at Doctor’s Point). Therefore, under the current rules, operators would not be able to create
these flows in isolation, and inflows from the Ovens River would be required to provide the
balance of the volume.
Table 7-2: Correlation between volume of ‘release’ from Hume and high flows at Yarrawonga

Scenario

% yrs
Yarrawonga
>65 000 ML/d

%yrs peak 28
day Hume
release Volume
> 900 GL

When 28 day
Hume release
>900GL , %yrs
Yarrawonga
>65 000 ML/d

When
Yarrawonga
>65 000 ML/d,
%yrs 28 day
Hume release
> 900GL

Without
Development

48%

42%

94%

78%

Baseline

30%

23%

96%

74%

BP-2800

24%

17%

100%

70%

7.3.4

Tributary Contributions to Yarrawonga Flows

Figure 7-10 shows the average monthly inflows to the Upper Murray for the wettest third of
months (as measured at Yarrawonga under Without Development conditions). These are
compared to the average inflows in the same months under the BP-2800 and Baseline scenarios.
The monthly inflow volume remains relatively unchanged for all inflows except for those that are
regulated by Hume, which decrease by up to 314 GL/month. The figure indicates that the Hume
releases (most likely spills) are the key driver of high flow events in the Upper Murray, but that the
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inflows from Ovens River are also very important, and have nearly an equal role under the
Baseline and BP-2800 scenarios.

Figure 7-10: Tributary Contributions to Yarrawonga flow for highest third of flows

7.4 Travel times
The travel times for both regulated and unregulated flows in the River Murray System are
indicated in Figure 4-8, as part of the southern-connected Basin.
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8 Possible operating strategies
Section 8.1, below, summarises the key attributes of flows in the contributing valleys from
preceding Chapters 4, 5, 6 and 7, including how high flows are generated and how they combine
and travel through the southern-connected Basin. This information was used to generate a
number of possible operating strategies to increase the chance of achieving the target event.
Such strategies are likely to be occasional major interventions (or environmental watering
events), that involve the release of significant volumes of environmental water, across a broad
spatial scale.
The operating strategies investigated are described in Sections 8.2-8.7. All of the strategies could
potentially be applied in conjunction with each other.

8.1 Summary of the key high flow attributes
•

Significant inflows are required from at least 3 of the 4 major valleys for the target events
to occur downstream of Euston, i.e.:
o
o
o
o

from the Upper Murray, Kiewa and/or Ovens - a flow at Yarrawonga of
>65 000 ML/d;
from the Murrumbidgee - a flow of >10 000 ML/d, or overbank, at Balranald;
from the Goulburn - a flow >28 000 ML/d, or minor flood level, at McCoys Bridge;
from the Lower Darling – a flow of > 8 000 ML/d at Burtundy.

•

However, the Upper Murray yields the most water, therefore a managed release from Hume
is likely to be key to successful watering downstream of Euston.

•

Multiple events (or peaks) are required across multiple valleys to generate the target event.
The initial events pre-wet, or “prime” the upstream wetlands, forests and floodplains, so that
subsequent events pass through more quickly and with less “loss”.

•

Accordingly, the volume of inflow over multiple events is as important as the peak flows in
generating the target event.

•

The major storages (e.g. Hume, Eildon and Menindee Lakes) are generally in filling/storing
mode in winter/spring when a target event would otherwise have occurred. Releasing water
from one or two of these storages at the right time (e.g. on the second or third peak), to
coincide with existing high flows in the River Murray originating from other sources (e.g.
unregulated inflows from the Ovens, Kiewa and Murrumbidgee), can add volume and/or
duration to the event, increasing the chance of success.

•

The timing of the inflows from the various valleys to the River Murray is critical for the target
event to occur, and to maximise the success of any release, particularly if inflows are at the
drier end of the spectrum.

•

Flood flow travel times are much longer than regulated travel times and vary significantly from
one event to the next, depending on flow rate and antecedent conditions. This makes
forecasting very difficult. However, implementation will be facilitated by improving
meteorological forecasting capability, and improving modelling and stream flow prediction
capability.
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•

The relevant constraints during regulated and unregulated conditions are different.
Constraints are being investigated separately further to a BOC decision.

8.2 Upper Murray: release from Hume
Under Baseline conditions there are a number of years in which the Upper Murray does not
contribute to inflows, or the timing of the release does not align with inflows from the other
valleys. There are opportunities to release environmental water from Hume when inflows would
otherwise be captured in the storage. The main challenge in making the release is to get the
timing right, so that the flow peak will align with inflows from the other tributaries, and the benefit
to the Lower Murray is maximised.
The Murrumbidgee analysis indicated that the outflows from the Murrumbidgee are dominated by
the nature of the Low Murrumbidgee floodplain (see Section 5.3). Once the Low Murrumbidgee
floodplain is full, the next significant rainfall event will most likely result in overbank flows at
Balranald, which was a key requirement for achieving a flow of 80 000 ML/d in SA (refer Section
4.4.1).
If we can time a release from Hume to coincide with these above average flows from the
Murrumbidgee, then we should be able to increase the peak flow in the Lower Murray towards
the target range.
Figure 8-1 shows that the unregulated travel time from Hume is 51 days, which is similar to that
from Wagga Wagga at approximately 54 days. Therefore a trigger at Wagga Wagga that signifies
that flows from Balranald will be overbank could be used to prompt a release from Hume. There
is the possibility that triggers could be developed higher up the Murrumbidgee that will give
operators more certainty and time to make environmental releases. However, Wagga Wagga is
well located for a trigger, as most inflows to the Murrumbidgee occur upstream of this point.
The preliminary investigation demonstrates that it is important to release as much volume as
possible within the limited available timeframe (refer Section 9). Therefore, whilst outcomes can
be achieved within the current channel capacity at Doctor’s Point of 25 000 ML/d, better
outcomes could be achieved if the permissible flow rate at Doctor’s Point could be increased to
40 000 ML/d (capacity constraints were discussed in Section 7.2). Consideration of issues
relating to the inundation of private land downstream of Yarrawonga (including in the EdwardWakool system) is also required.
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Figure 8-1: Using the Upper Murray to Supplement High Flows

8.3 Lower Darling: release from Menindee Lakes
Under the Without Development scenario, the Darling River was one of the key contributors to
the target events in the Lower Murray, however it contributes much less frequently under the
Baseline scenario (refer Section 4.2). There are therefore opportunities to release environmental
water from Menindee Lakes to boost existing high flows in the river.
Regulated releases from Menindee Lakes (of up to 9 000 ML/d) have a considerably shorter
travel time than the other storages in the southern-connected Basin (14 days to Lake Victoria).
This means that there is less risk in making regulated releases from Menindee, as there will be
more information available to make an accurate forecast and time the release to create the most
benefit.
The flow at Euston is key to trigger a regulated release from the Darling, as unregulated flows
from Euston have a similar travel time to regulated releases from Menindee Lakes, as shown in
Figure 8-2.
In order to ensure that the trigger for a release from Menindee Lakes is based on the required
inflows from all of the major valleys, additional triggers have been developed at Balranald (to
capture input from the Murrumbidgee) and Barmah (to capture input from the Upper Murray).
While the development of these triggers is important, it is expected that river operators may be
able to achieve better results with access to real time information and forecasts, and the
capability to factor in other relevant information.
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Figure 8-2: Utilising the Darling to Supplement High Flows

A release of environmental water from Menindee Lakes at unregulated flow rates could also be
made; however these are much harder to predict in terms of travel time (about 38 days) and
expected flows into the Murray. The “efficiency” of the flow is also reduced. That is, a lot more
volume is required to be released, to fill up the floodplain lakes and the Great Darling Anabranch
(providing local benefits) and enter the Murray. The case studies summarised in Section 9
indicated that, unless a very large release of environmental water is made, this option offered
relatively small improvement over a regulated release. It would also cause some inundation of
private land and may require some access issues to be resolved. However, such an unregulated
release may be appropriate in some years to provide localised environmental benefits to the
Lower Darling and the Great Darling Anabranch.
There are two intermediate options that could be further scoped:
1. Installing a regulator at ‘the Cutting’ to allow a higher regulated release (perhaps up to
15 000 ML/d) to be delivered along the Lower Darling; and
2. There may be scope to stop some lakes along the Anabranch from being filled, however this
would reduce local benefits.

8.4 Lower Murray: Manipulate flows using Lake Victoria
There is effectively no travel time from Lake Victoria; therefore it can be used to refine the
hydrograph as it enters South Australia. Lake Victoria could be used to increase either the peak
(by up to 6 000 ML/d if the lake is full) or the duration of the hydrograph, depending on the
outcome required. If Lake Victoria is not full, there may not be sufficient head difference to
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increase peak flows. On the other hand, filling the Lake to allow such a strategy may conflict with
the Lake Victoria Operating Strategy.
The Lake Victoria Operating Strategy holds the level of Lake Victoria down over autumn to allow
vegetation to grow on the shoreline which protects the banks from erosion. Under the Strategy,
the Lake commences to fill from the 1st of June. However, if above minimum inflows are forecast
(i.e. during high flow years) the filling is delayed for as long possible to allow more time for the
vegetation to grow. During these years, the delayed filling means that there may not be sufficient
head difference to effectively augment flows. Investigation into the impacts of modifying the
Operating Strategy is suggested, such that during ‘trigger’ years the delayed filling rule is relaxed.
This would allow the Lake to be filled prior to the peak crossing the border, so that there is
sufficient head difference to augment flows. As these events are expected to be infrequent (1 in 5
years) it is expected that the impact on bank erosion could be managed.
Until the Lake Victoria Operating Strategy is reviewed, it may be more appropriate to utilise the
Lake to increase the duration and improve the length of inundation of the floodplain downstream.
There may also be an option to close the inlet, and allow the peak flows in the river to by-pass the
Lake.

8.5 Goulburn options
The fourth option is to increase flows from the Goulburn into the Murray. The unregulated travel
time from Eildon is similar to that from Hume, in the range of 50 to 56 days (refer Figure 8-3).
Accordingly, the trigger developed for Hume could also be used to prompt a release from Eildon.
It may also be appropriate to consider developing a trigger based on what is occurring in the
Upper Murray. However, there are currently channel capacity constraints within the Goulburn
which are likely to limit the effectiveness of this option to increase flows. Alternatively, there may
be scope for releases from Eildon to be used to extend the duration of peaks from the Goulburn.
This may increase the probability of the Goulburn peak coinciding with peaks from the Upper
Murray and the Murrumbidgee.
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Figure 8-3: Utilising the Goulburn to Supplement High Flows in the Murray

Figure 8-3 shows that an additional option is to reduce diversions to Waranga Basin during
delivery of environmental flow to Murray; this is discussed in Section 8.7.
Further investigation is warranted to explore the scope to overcome the constraints on the
Goulburn, and improve the environmental outcomes that can be achieved for the Lower
Goulburn, mid and Lower Murray.

8.6 Murrumbidgee options
The unregulated travel times from the Murrumbidgee storages are much longer than those from
Eildon and Hume. However the regulated travel times from the Murrumbidgee storages are
shorter (refer Figure 8-4) than the unregulated travel times from the Murray and Goulburn.
Therefore there may be an opportunity to increase high flows originating in the Goulburn or Upper
Murray catchments with a regulated release from the Murrumbidgee. These releases could be
triggered by high flows at Yarrawonga and/or McCoys Bridge. If such a release could be made,
the maximum regulated flow at Balranald would be 9 000 ML/d.
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Figure 8-4: Utilising the Murrumbidgee to Supplement High Flows

However, as indicated previously the high flows from the Upper Murray, Goulburn and
Murrumbidgee generally occur at the same time (as a result of the same rainfall event), and so it
is likely that the flow in the Murrumbidgee will be unregulated when the trigger arises, slowing the
travel time. A release in this case would need to be aimed at extending the duration of an
unregulated event in the Murrumbidgee, rather than increasing the peak.
An alternative option is to be proactive in the release of Murrumbidgee environmental water, and
use it to meet the in-valley flow indicators and pre-wet (or prime) the Lower Murrumbidgee
Floodplain. If this were to occur, subsequent events would pass more quickly through the
floodplain, possibly with a higher peak. This would achieve in-valley outcomes as well as
contributing to the greater system objectives.
The feasibility and effectiveness of these options requires further modelling and consideration.
Two additional options that also require further scoping of the potential costs and benefits follow:
1. It may also be possible to change operations within the lower Murrumbidgee Floodplain to
improve the passage of high flows by reducing the attenuation effect and facilitating the
transfer of water to the Murray; and
2. Installing gates at the Yanco Creek offtake could potentially increase the level of control over
the volume of water that passes down the Yanco Creek. This could assist Murrumbidgee
operations during regulated periods, and lead to increased efficiency, but could also be used
during high flow periods to decrease the volume of flow “leaking” down Yanco Creek (which
takes a long, slow path to the River Murray via the Edward-Wakool system, and does not line
up with the flow peaks from the other valleys). This could potentially increase the peak flow in
Murrumbidgee at Yanco Weir by 2 000 to 3 000 ML/d. Further scoping of this option is
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required to assess the potential costs and benefits of such an intervention, including the
potential impacts on the environmental assets along the Yanco Creek system, and on fish
passage.

8.7 Managing Bulk Diversions and Supplementary Access during Peak
Flows
A significant proportion of the outflow from the Goulburn is sourced from the unregulated
tributaries downstream of Eildon. In some instances, some of these flows are diverted at the
Goulburn Weir to fill the Waranga Basin to meet subsequent irrigation demands, thereby reducing
the peak flow that remains in the river. If this practice is modified, so that Waranga Basin is filled
with environmental water from Eildon after the peak flow has passed, there could be an increase
in the peak flow to the Lower Goulburn and Murray. The maximum extraction rate for the
Cattanach and Stuart Murray canals, which feed the Waranga Basin is 213 GL/m, which equates
to about 7 100 ML/d (CSIRO 2008) but the actual extraction varies significantly and the
diversions during the peak flow is often much lower than this, if it is occurring at all.
Similarly, there can be significant irrigation diversions from the Torrumbarry Weir Pool, in the mid
Murray, via the National Channel. The National Channel has a maximum capacity of 4 400 ML/d,
but the actual extraction varies significantly and is often less than the full channel capacity. It
diverts water to the Victorian mid Murray storages which include Kow Swamp, Lake Boga and
Kangaroo Lake. This practice could be modified in a similar way to Waranga Basin, where
diversions from the Murray are delayed; requiring irrigators to draw on the storages, which would
be refilled from the Murray later on. In addition, it may be possible to boost flows from the
Victorian mid-Murray storages. Combined, these actions could potentially increase the peak flow
in the Murray at Torrumbarry by up to 3 000 ML/d.
Access to supplementary flow whilst the peak flow is passing would also decrease the magnitude
of peak flows in the Murrumbidgee and Upper Murray. Accordingly, there may be benefits
associated with restricting or suspending access to supplementary flows as the peak flow passes.
The effectiveness of this option in increasing the peak flow, the required duration of suspension,
the scale of the impacts on irrigators, and forecasting capability all require further investigation.

8.8 Further considerations
When investigating these options it is important to consider the relative risks this approach may
bring. For example, a potential risk is that operators boost an event that would have achieved a
flow of 80 000 ML/d without intervention. In this case, it might be considered that the impact of
inundation on private property outweighs the benefit received for the environmental water. In
practice, and aided by improved forecasting, operators could abandon an event at any time, to
conserve environmental water and prevent the unacceptable inundation of private property.
Further, there is a risk that significant volumes of environmental water are released, but that the
peak flows from the tributaries do not align as hoped, so that the peak flows in the Lower Murray
do not reach the level envisaged. Despite this, it is likely that significant environmental outcomes
will be achieved, even if they are not the ones initially targeted. Flexible reporting of
environmental outcomes should reduce such a perceived operational risk. For example, if 500 GL
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of environmental water is released from storage(s) and boosts the flow to SA from 60 000 to
75 000 ML/d. The increase in flow within the target range would significantly increase the area of
floodplain inundated, despite the fact that the flow did not reach 80 000 ML/d (a key flow indicator
for Chowilla).
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9 Case studies
A number of case studies were developed using simple event-based modelling to investigate the
physical feasibility of the operating strategies outlined in Section 8. The following sections provide
an overview of the methodology used to develop the case studies, and a summary of the results
on a case by case basis.

9.1 Testing releases from Hume and Menindee Lakes
9.1.1

Methodology

A series of case studies were developed to test the feasibility of making significant environmental
releases from Hume and Menindee Lakes, to boost existing high flows in the river. Whilst the aim
of this work was to increase the peak of an existing high flow event, it may be more appropriate to
try to extend the duration of the existing high flow event, depending on the environmental need at
the time.
The case studies were modelled using MSM-Bigmod. Each case study was based on the BP2800 scenario, which already included the reduction in diversions envisaged under the proposed
Basin Plan, and a corresponding increase in outputs from the tributaries. Simple modifications
were made to this scenario to test the nominated operating strategies on an event by event basis.
The main change made was to add dummy tributaries to the model to simulate the releases
made. This approach was undertaken given the time available, rather than modifying the
operation of the storages. One dummy tributary was added to simulate the environmental
releases that would be made from Hume under the proposed operating strategy, with the inflows
joining the River Murray in the Hume to Bandiana reach. Another tributary was added to simulate
the environmental release that would be made from Menindee Lakes, with inflows joining the
Lower Darling in the Weir 32 to Cawndilla reach.
Every time the trigger was met, a “release” was simulated via the dummy tributaries regardless of
storage levels or environmental allocations. It is important to recognise that these dummy
tributaries add water to each scenario, and that no water is taken from the storages. Accordingly,
the scenarios do not yet incorporate impacts on storages, accounts or year-to-year operations. It
is assumed that the required environmental water has been carried over from a previous year or
that it will be sourced within the same water year by reducing the volume used to meet other
environmental flow targets (such as the base flow or fresh targets included in the BP-2800
scenario). Flow on effects not captured may include:
•
•

releasing the environmental water from storage is likely to reduce subsequent spill and
alter the volume and pattern of the event(s); and
reducing the low flow targets may mean that the next event is not as effective due to the
floodplain not being as wet, and therefore the losses more significant.

In a practical sense, this approach allows examination of the feasibility of this approach and
assessment of the potential outcomes on an event by event basis, but it probably over-estimates
the outcomes over the whole modelled period, particularly with regard to water availability and
storage volumes. This has been taken into account in a qualitative sense, however further
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development of the model is required to fully understand the impacts and feasibility of the
operating strategies.
In the case studies, constraints were relaxed to test their significance, but only to the extent that
should be reasonably practical to implement e.g. at or below minor flood level.
9.1.2

Trigger development

Triggers based on actual flows in other valleys (as opposed to forecast flows) were developed,
drawing on the analysis of successful events, to increase the chance of success of releases from
storage.
A trigger was developed at Wagga Wagga that aimed to predict when overbank flows would
occur at Balranald. The aim was to trigger an environmental release from Hume that would align
with the high inflows from the Murrumbidgee, to produce a high flow in the Lower Murray.
Hopefully, it would also align with high inflows from the Goulburn and/or Lower Darling rivers.
To develop the trigger, the flows at Balranald were offset by the travel time from Wagga Wagga
(which aligns with travel times from Hume) to see what information was available at the point in
time when a release was required. The preliminary trigger that was developed for the workshop
was:
1. Volume: 400 GL past Wagga Wagga in the past 30 days
2. Flow : 25 000 ML/d average flow in the previous 2 weeks
3. Season: from May to early October.
This trigger works relatively well within the zone where travel times to Balranald coincide with
those from Hume; however the trigger is also met at higher and lower flows that we do not want
to trigger. It was subsequently refined to some extent (refer Section 10), however should be
further reviewed as part of more detailed modelling.
The trigger developed to prompt releases from Menindee Lakes is based on the flow at
Balranald, Barmah and Euston as follows:
1. Balranald: Flow > 10 000 ML/d
2. Barmah: Flow > 20 000 ML/d
3. Euston: Flow > 50 000 ML/d.
Generally the Balranald and Barmah triggers are met prior to the Euston trigger. Some large
events are not triggered because they are dominated by either Murrumbidgee or Upper
Murray/Goulburn flows, but not both as the trigger requires.
In reality, operators will be able to take into account additional factors, including knowledge of the
antecedent conditions, meteorological forecasts, and the shape of the hydrograph to time
releases from the storages to better align with peak flows.
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9.1.3

1995 Case study

1994 was an exceptionally dry year with peak spring flows at the SA border of about
15 000 ML/d. However high flow events (with a flow to SA >80 000 ML/d for 7 days) occurred in
1993, 1992 and 1990. The El Niño declined in 1995 and heavy rains in late autumn and early
winter ended the drought in the southern states. Good general rains fell in 1996, easing the
situation until the onset of the next El Niño in 1997. However, the period following 1996 was the
driest on record so this extra watering event would add resilience.
9.1.4

Flow pattern

Figure 9-1 & Figure 9-2 show the flows from each of the tributaries in 1995 that make up the flow
event to SA (Figure 9-3) under Without Development, Baseline and BP-2800 conditions. The
Goulburn flow is measured at McCoy’s Bridge, the Murrumbidgee flow at Balranald and the
Darling flow at Burtundy. Rainfall in the headwaters of each of the catchments is also shown.

Figure 9-1: Comparing Rainfall to Without Development, Baseline and BP-2800 flows (1995 Case Study)

As can be expected, the Hume, Yarrawonga and Goulburn Without Development flows align well
with each other, having developed from the same rainfall event across the upper catchments.
The Baseline and BP-2800 outflows from Hume are significantly altered in comparison to the
Without Development Conditions. Hume is capturing the inflows for future use. The BP-2800
scenario releases some environmental water in May and June which is capped by the channel
capacity constraint of 25 000 ML/d at Doctors Point.
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Flows at Yarrawonga better resemble Without Development flows due to the unregulated Ovens
and Kiewa inflows although a significant volume is missing due to the capture of inflows to Hume.
The flow at McCoys Bridge also resembles the Without Development flow patterns, although
significantly reduced due to the capturing of inflows at Eildon. The BP-2800 scenario helps to add
duration to the higher peaks at McCoys Bridge, and reinstates some of the smaller peaks.
In all scenarios, the flows at Balranald are significantly altered from the rainfall patterns due to the
long travel time from the top of the catchment, the nature of the Low Murrumbidgee floodplain
(and, in some cases, the diversions en route). It is only the second rainfall event that increase the
flows above the channel capacity of 9 000 ML/d at Balranald.
Figure 9-2 shows that there were no significant inflows from the Darling within the timeframe that
contribute to the flow event in the Lower Murray.

Figure 9-2: Modelled Darling Flows in 1995 Case Study (Without Development, Baseline and BP-2800)

Figure 9-3 shows the resulting hydrograph in South Australia. The BP-2800 scenario has added a
lot of bulk to the edges of the hydrograph but not a lot to the peak. The second peak is larger not
only due to the larger rainfall event that caused it, but also due to the increased inflow from the
Murrumbidgee once the Low Murrumbidgee floodplain is full.

Figure 9-3: Flow to SA in 1995 Case Study (Without Development, Baseline and BP-2800)

9.1.5

Contributions to the Peak

Figure 9-4 highlights which flows contributed to the peak at the South Australian border from
each of the main contributing tributaries, based on the assumed travel times discussed in Section
4.5.
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The peak event is the result of the second rainfall event, during which there has been very little
increase in releases under the BP-2800 scenario.

Figure 9-4: Flow contributions based on Travel times

9.1.6

Storage levels and allocations

Figure 9-5 shows the storage levels in Dartmouth, Hume, Menindee Lakes and Lake Victoria
under Baseline and BP-2800 scenarios from 1994 to 1996. The shaded area shows the time
when a release would need to be made from Hume. At the time that a release is required, Hume
is rapidly filling. Whilst this graph shows that Hume does eventually fill and spill, it would be hard
to know this without the benefit of hindsight. Menindee Lakes is only 47% full when a release is
required.
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Figure 9-5: Storage Levels for 1995 Case Study

Table 9-1 shows the estimated allocation available to the Environmental Water Holder in 1995
and is based on the actual diversions over the year (as opposed to actual allocations). The
opening allocation in the Murray in 1995 under the BP-2800 scenario was 100%.
Table 9-1: Available Environmental Allocation, 1995 Case Study

River System

BP-2800 Total Environmental Allocation

Murray

1274 GL

Goulburn

485 GL

Murrumbidgee

632 GL

Total

9.1.7

2391 GL

Modelling results

In this example there is already a pre-release/regulated release from Hume of 25 000 ML/d (full
channel capacity) at Doctor’s Point. Therefore the only option considered in this Case Study was
to increase this release to 40 000 ML/d at Doctors Point (assuming that the channel capacity
constraint could be lifted to this level in future).
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In Figure 9-6, 292 GL has been released over 2 weeks to augment the release under BP-2800,
and timed to ensure that it increased the peak flow at the South Australian border as much as
possible. Of the 292 GL released, about 213 GL passes the SA Border.

Figure 9-6: 1995 Case Study with Hume release based on perfect hindsight

Increasing the flow at Doctors Point by 15 000 ML/d in Figure 9-6 increased the peak flow at the
South Australian border by about 8 000 ML/d, assuming that the release could be timed perfectly.
In comparison, Figure 9-7 below shows the flow trace where the Hume release is based on the
Wagga Wagga trigger. In this case, the release occurs about one week later, and increases the
peak SA flow by 5 000 ML/d as opposed to 8 000 ML/d. Of the 300 GL released, about 218 GL
passes the SA Border.
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Figure 9-7: 1995 Case Study with Hume release based on Wagga Wagga Trigger

Figure 9-8 shows the change in peak flow with a release from Menindee Lakes based on the
Euston trigger. In this case the trigger works well and an investigation into the ‘perfect’ release
was not undertaken. The release from Menindee is much more efficient in increasing the SA flow,
compared to the release from Hume, as it is much closer to the South Australian border. A
release of 9 000 ML/d (i.e. at channel capacity) from Menindee Lakes increases the peak SA flow
by about 6 000 ML/d. In this case a release of 185 GL was made over three weeks, of which
about 125 GL passes the SA Border.
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Figure 9-8: 1995 Case Study - Darling release (9 000ML/d) based on Euston Trigger

For comparison purposes, a release from Menindee Lakes of a similar volume was also made at
the higher rate of 25 000 ML/d (see Figure 9-9). The release was delayed by one week after the
trigger was activated to account for the smaller window of opportunity available. Whilst a 25 000
ML/d release does result in a higher flow rate at Burtundy than when only 9 000 ML/d is released
(about 13 000 ML/d), a lot of the water released flows into the Great Darling Anabranch
(delivering environmental benefits in that reach) and never reaches the Murray. Of the 175 GL
released, about 106 GL passes the SA Border. Such a strategy might be useful, depending on
the environmental outcomes sought at the time of implementation, but is much less efficient than
a within channel capacity release from the perspective of increasing the flow in the lower Murray.

Page 67

Summary of analysis undertaken to support the experienced river operators workshop

Figure 9-9: 1995 Case Study - Darling release (25 000ML/d) based on Euston Trigger

Figure 9-10 shows the effect of combining a release from Hume with a release from Menindee
Lakes (likely scenario). The releases are based on the triggers developed at Wagga Wagga and
Euston. Combining both releases adds an extra 9 000 ML/d to the peak SA flow, increasing it to
about 83 000 ML/d. This uses a total of 485 GL released from headwater storages, with 350 GL
of that passing the SA border.
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Figure 9-10: 1995 Case Study - Combining both Hume and Darling release based on triggers

Figure 9-11 shows the flows under the Without Development scenario, in comparison to the flows
as boosted in the Case Study. The boosted flows more or less align with, and importantly do not
exceed, those in the Without Development scenario. In effect, the releases being made
(especially from Hume) are translucent, and it may be possible for the trigger to be replaced with
a limited translucency rule (e.g. to pass a proportion of the inflows during a limited season). This
could help to increase peak duration as well as flow.
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Figure 9-11: 1995 Case Study Comparing Environmental Releases to Without Development flows

Figure 9-12 gives an indication of the inundation between Lock 6 and the Lower Lakes that would
occur under the scenario illustrated in Figure 9-10. An extra 9 000 ha is inundated in this reach;
an increase of about 16%. While this graph only gives an indication of what happens downstream
of the SA border, there will be a similar increase in inundation at all the forests and wetlands
upstream to Hume, with some benefits to the Lower Darling as well.

Page 70

Summary of analysis undertaken to support the experienced river operators workshop

Figure 9-12: 1995 Case Study - Area Inundated from Lock 6 to the Lower Lakes

9.1.8

1936 Case study

The mid to late 1920’s and 1930’s were a period of generally low rainfall over most of the country,
which continued into the 1940’s and eventually became known as the World War II drought. The
last events in which there was more than 80 000 ML/d at the SA border were in 1934 and 1931.
The next target event occurred in 1952 so this event reduces the ‘dry’ duration from 18 years to 2
and 15 years
9.1.9

Flow pattern

Figure 9-13 & Figure 9-14 show the flows from each of the tributaries in 1936 that make up the
flow event to SA under Without Development, Baseline and BP-2800 conditions. The resulting SA
flow for each scenario is shown in Figure 9-15. The Goulburn flow is measured at McCoys
Bridge, the Murrumbidgee flow at Balranald and the Darling flow at Burtundy. Rainfall in the
headwaters of each of the catchments is also shown.
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Figure 9-13: 1936 Case Study - Comparing Rainfall to Without Development, Baseline and BP-2800 flows

Similar to the 1995 Case Study, the Hume and Yarrawonga flows respond to the same rainfall
event. The Goulburn response is not as strong, but still contributes flows within the same time
frame. Hume captures the first inflows for future use, however by September, the Baseline and
BP-2800 release from Hume is influenced by the spilling of Hume and it resembles the Without
Development scenario later in the season. The BP-2800 releases some environmental water in
July and August.
Flows at Yarrawonga better resemble Without Development flows due to the unregulated inflows
from the Ovens and Kiewa, although a significant volume is missing in the first part of the season
due to the capture of inflows to Hume. The flow at McCoy’s Bridge resembles the Without
Development flow pattern; although the peak is significantly reduced as a portion of the inflows
are captured by Eildon. The BP-2800 scenario reinstates some of the smaller peaks and extends
the duration of some of the lower flows.
The flows at Balranald are quite different to the rainfall pattern due to the travel time along the
length of the Murrumbidgee, the impact of diversions, and the nature of the Low Murrumbidgee
floodplain. It is the second rainfall event that increase the flows above the channel capacity of 9
000 ML/d at Balranald.
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Figure 9-14: 1936 Case Study - Outflow from the Darling

Figure 9-14 shows that under Without Development conditions there was a peak flow of just over
10 000 ML/d from the Darling contributing to flows in the Murray. Under both Baseline and BP2800 scenarios the contributing flow is negligible.
Figure 9-15 shows the resulting hydrograph in South Australia. Similar to the 1995 example, the
BP-2800 scenario has added a lot of bulk to the edges of the hydrograph but the peak is
marginally reduced. This slight reduction to the peak is most likely due to the monthly to daily
disaggregation and the slightly different timings of the Balranald peak.

Figure 9-15: 1936 Case Study - Resulting hydrograph at the SA border

9.1.10 Contributions to the peak
Figure 9-16 highlights which flows contributed to the peak at the South Australian border from
each of the main contributing tributaries, based on the assumed travel times discussed in Section
4.5.
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Figure 9-16: 1936 Case Study - Contributions to the peak SA flow based on travel times

Again the peak flow at the SA border coincides with the peak flow from the Murrumbidgee as well
as what would have been peak inflows from the Darling under the Without Development scenario.
Notably, the contribution to peak from Hume does not coincide with the spill from Hume. The
earlier event (that is captured under the Baseline and BP-2800 scenarios) would have coincided
with the peaks from the other tributaries.
9.1.11 Storage levels and allocations
Figure 9-17 shows the storage levels in Dartmouth, Hume, Menindee Lakes and Lake Victoria
under the Baseline and BP-2800 scenarios from 1935 to 1937. The shaded area shows the time
when a release would need to be made from Hume. At the time that a release is required, Hume
is rapidly filling and eventually spills. Menindee Lakes is at about 65% full under the BP-2800
scenario.
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Figure 9-17: 1936 Case Study - Storage Levels

Table 9-2 shows the estimated allocation available to the Environmental Water Holder in 1936
and is based on the actual diversions over the year (as opposed to actual allocations). The
opening allocation in 1936 under the BP-2800 conditions in the Murray was 90%.
Table 9-2 : 1936 Case Study - Total Environmental Allocation under BP-2800

River System
Murray

BP-2800 Total Environmental Allocation
1 331 GL

Goulburn

501 GL

Murrumbidgee

664 GL

Total

2 496 GL

9.1.12 Modelling results
In this example a dummy release was made from Hume to increase the flow at Doctors Point to
25 000 ML/d (channel capacity). In Figure 9-18, 174 GL has been released over the period of one
week (until it butts up against the spill) based on the Wagga Wagga trigger. This release is within
current constraints. This example demonstrates the simplicity of the case study approach, and
the need for further modelling: if this release has been made from Hume (rather than added as a
dummy tributary) the timing and volume of the spill would have changed. Using this preliminary
modelling, we are not able to see the true impact of such a release on the resulting hydrograph.
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Figure 9-18: 1936 Case Study - Release of 25 000 ML/d from Hume based on the Wagga Wagga trigger

Figure 9-19 shows little difference in the result, if the release from Hume is increased to create a
flow at Doctors Point of 40 000 ML/d (assuming that the channel capacity could be lifted to this
level in future), but a similar volume of environmental water is released. Of the 181 GL released,
about 113 GL passes the SA border.
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Figure 9-19: 1936 Case Study - Release of 40 000 ML/d using the same volume as in Figure 9-18

In contrast, Figure 9-20 shows the difference that could be made if the release from Hume is
increased to create a flow at Doctors Point of 40 000 ML/d, but nearly twice as much
environmental water is released (325 GL). The flow to SA is improved considerably, indicating
that it is not the high flow rate itself that results in the best outcome; it is the ability to release a
larger volume in the relatively short period of time during which it will coincide with the peak. Of
the 325 GL released, about 218 GL passes the SA Border.
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Figure 9-20: 1936 Case Study - Maximum release from Hume up to 40 000 ML/d

Figure 9-21 shows the resulting hydrograph when a regulated release from Menindee Lakes (up
to 9 000 ML/d) is made (on its own), based on the Euston Trigger. A total of 195 GL is released to
coincide with the peak flow to SA, and of this, 163 GL flows over the SA border.

Figure 9-21: 1936 Case Study - Release from Menindee Lakes up to 9 000 ML/d
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The increase in the flow to SA border is compounded when releases of environmental water are
made from both Hume (up to 40 000 ML/d at Doctors Pt) and Menindee Lakes (9 000 ML/d), as
shown in Figure 9-22. In this instance, the BP-2800 peak flow of about 57 000 ML/d has been
increased to 70 000 ML/d using 519 GL of environmental water. 362 GL of this released water
flows over the SA border.

Figure 9-22: 1936 Case Study - Combining a release from Hume and Menindee Lakes

Figure 9-23 shows a comparison between the releases made and the flows under the Without
Development scenario. The environmental releases trialled from both Hume and Menindee Lakes
align with what would have occurred under the Without Development scenario.
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Figure 9-23: 1936 Case Study - Comparing the environmental releases to Without Development flows

Figure 9-24 gives an indication of the inundation between Lock 6 and the Lower Lakes that would
occur under the scenario in Figure 9-22. An extra 11 000 ha is inundated; an increase of about
28%. There would also be an increase in inundation along the length of the Murray as far
upstream as Hume, including the major forests and wetlands, and potential for benefits on the
Lower Darling (whilst releases will be maintained within channel, there is a Basin Plan flow
indicator for 7 000 ML/d in January and December, refer Appendix C: River Murray System
background).
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Figure 9-24: 1936 Case Study - Area Inundated from Lock 6 to the Lower Lakes

9.2 Lake Victoria
Figure 9-25 and Figure 9-26 show the possible outcomes that could be achieved by using Lake
Victoria to increase the peak flow. The limitations to the use of Lake Victoria, which were
described in Section 8.4, have been ignored to produce these results. To achieve these results,
Lake Victoria is forced to be full throughout the year, in contrast with the Lake Victoria Operating
Strategy. This ensures that there is enough head difference between Lake Victoria and the
Murray to effectively add to the peak. It is estimated that, in practice, only about 6 000 ML/d could
be added to the peak if Lake Victoria is full and the Murray is flowing at about 80 000 ML/d. In
Figure 9-26, the model predicts a higher increase which may not be practicable and requires
further investigation.
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Figure 9-25: 1995 Case Study - Using Lake Victoria to increase the peak flow

Figure 9-26: 1936 Case Study - Using Lake Victoria to increase the peak flow
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9.3 Managing bulk diversions during peak flows
9.3.1

Waranga Basin

Preliminary modelling undertaken by SKM for the Goulburn-Broken Catchment Management
Authority (SKM, 2012) included scenarios in which the diversions to the Waranga Basin were
stopped for 10 days, based on a range of triggers including total inflows to the system
(>45 000 ML/d generally) and the period since the last high flow event (i.e. 50 000 ML/d at
Shepparton). The trigger was activated in 26 – 40% of years depending on the specific trigger
used. Under the scenarios tested, the peak flow at McCoys Bridge would increase by between
165 ML/d and 2 600 ML/d per event (with an average of 770 ML/d over the modelled period 1891
- 2006), which only represented a relatively small contribution to the targeted high flows.
Preliminary modelling was also separately undertaken by the MDBA, further to the Experienced
River Operators Workshop, to investigate the relative benefits of delaying the diversions to
Waranga Basin. A similar methodology was used as for the case studies for environmental
releases from Hume and Menindee Lakes. The daily Wagga Wagga trigger was used to delay the
diversions, however, as the Goulburn model is based on a monthly time step, the trigger was
applied for the entire month (or if triggered late in the month, for the following month). During this
month, the inflow to Waranga Basin was averaged over the month to determine a potential daily
increase in the flow in the Goulburn River. This daily increase was directly added to the outflow at
McCoys Bridge, as there are no modelled losses in the reach from Goulburn Weir (where the
extraction occurs) to McCoys Bridge.
In this simple modelling, no consideration was given for travel time or channel capacity
constraints. The major constraints in the Goulburn River are: in the reach between Eildon and
Goulburn Weir, which would not be impacted by a change in the diversions to the Waranga Basin
(it is assumed that if the flow can be delivered to the Waranga Basin, it can be delivered to the
Murray); and Shepparton, which would be impacted. As for the other case studies, a volume of
water to represent the delayed diversions is added to the modelled scenario. Diversions were not
increased at a later time in the model to compensate for the changed operation (i.e. McCoys
Bridge flow is only ever increased). In reality, diversions that were stopped to increase
environmental flow would need to be delivered at a later time and consideration would need to be
given to channel capacity constraints in the delivery of this supplemental water. Additional
analysis would need to be undertaken to ensure that the Waranga Basin could be filled in time to
meet irrigation demands, given the major constraints between Eildon and Goulburn Weir.
Out of the 114 year modelled timeframe, the Wagga Wagga trigger is activated in 36 years, and
in 16 of these years (44% of events), there was no diversion to Waranga Basin in the ‘target’
month. During the 20 trigger years that the diversions to Waranga Basin could be delayed, the
average volume not diverted was 85 GL, with an average diversion rate of 2 836 ML/d. The
maximum diversion rate was 5 910 ML/d and the minimum was 198 ML/d.
During the 1995 and 1936 case study years, no diversions were taking place during the target
months. Figure 9-27 shows a year (1978) in which a diversion was delayed and its impact on the
flow at McCoys Bridge and the flow to SA. The average flow into Waranga Basin over the month
was 4 182 ML/d, which represented an increase of up to 3 000 ML/d to a trough in the broad
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peak flow to SA, but an increase of only about 500 ML/d to the actual peak flow to SA. In this
case 125 GL was not diverted to Waranga Basin.

Figure 9-27: 1978 Case Study - Delaying Diversions to Waranga Basin

Figure 9-28 demonstrates the sensitivity of the delayed diversion to the trigger. In this case, 65
GL was not diverted to Waranga Basin; however the resulting increase in the flow to SA occurs
on the leading limb of hydrograph, rather than on the peak. This indicates that a specific trigger
should be developed to maximise the benefits of such a strategy. Another option would be to
extend the time that diversions are delayed (perhaps for 6 weeks, as per the National Channel
case study discussed in Section 9.3.2).
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Figure 9-28: 1900 Case Study - Delaying Diversions to Waranga Basin

9.3.2

National Channel

Preliminary modelling was also undertaken to assess the potential benefit of delaying the
extraction of water from Torrumbarry Weir via National Channel, at the time the peak flow was
passing. As for the Waranga Basin case study, an extra tributary was included at the Torrumbarry
Weir. The dummy inflow into the River Murray was equal to the diversions into the National
Channel, so that the diversions were effectively stopped from the date of the Wagga Wagga
trigger for a period for 6 weeks (to ensure that the peak had passed before diversions resumed).
As for the other case studies, water is added to the system and it is assumed that the off-stream
storages would be refilled at a later time using environmental water (by substitution). The average
diversion during the ‘trigger’ years for the 6 week ‘target’ period was 1 124 ML/d, with an average
volume of 43 GL.
Figure 9-29 shows the result of delaying diversions via the National Channel in the 1995 Case
Study. Whilst the trigger was activated on 20 July, no diversions were being made until midAugust, which was after the peak had passed, hence delaying the diversions added to the
receding hydrograph at the SA Border, rather than to the peak. The volume not diverted was
35 GL.
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Figure 9-29: 1995 Case Study - No diversions to National Channel

In contrast, Figure 9-30 shows the result of delaying diversions via the National Channel for the
1936 case study. Diversions occur for the whole 6 week ‘target’ period. Stopping these diversions
coincides with the peak flow and increases the peak at the SA border by about 1 200 ML/d. The
volume that was not diverted to the mid Murray storages at that time was 59 GL.

Figure 9-30: 1936 Case Study - No diversions to National Channel
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The overall benefits of this option are comparatively small, but it potentially provides flexibility to
add extra volume, either by increasing the peak or extending the duration of the event. Further
testing of this option is required, to understand the potential impacts on irrigators (if any), and to
refine the trigger, if the option proves feasible.

9.4 Testing releases from Eildon
Preliminary modelling undertaken by SKM for the Goulburn-Broken Catchment Management
Authority (SKM, 2012) investigated triggering releases from Eildon based on total inflows to the
Goulburn River (sum of the inflow to Goulburn Weir and inflows downstream of Goulburn Weir)
being greater than 30-60 000 ML/d (with some scenarios also including an indicator for length of
dry spells). The aim was to create a flow of 50 000 ML/d at Shepparton (which is close to
moderate flood level at that location of 54 000 ML/d). A number of scenarios were modelled
which involved a release of environmental water from Eildon of 20 000 ML/d for 10 days without
consideration for flood constraints. These scenarios resulted in an increase in the flow at
McCoy’s Bridge of between 1 800 ML/d to 15 000 ML/d for each event (with an average of about
6 500 ML/d for the modelled period 1891 - 2006). The trigger was activated in 26 – 40% of years
depending on the specific trigger.
Preliminary investigations were also separately undertaken by the MDBA, further to the
Experienced River Operators Workshop, to investigate the potential to make a significant release
of environmental water from Eildon to boost the peak flow in the Goulburn, and subsequently the
Lower Murray. Given the monthly timeframe of the Goulburn model and the consequent lack of
accuracy in regards to channel capacity constraints, case studies along the lines of those
described for release from Hume and Menindee Lakes were difficult to develop. Instead, a couple
of historical events were examined to provide an indication of the potential scope to implement
such an operating strategy.
Figure 9-31 shows historical releases from Eildon and the corresponding flow at Seymour (the
location of one of the key channel capacity constraints downstream of Eildon, refer Section
6.1.1). The two flow traces show years when the Wagga Wagga Trigger is activated. Since Eildon
has similar travel times to Hume, an environmental release from Eildon would be prompted by the
same trigger.
In 1990, it may have been possible to slightly increase releases to the maximum of 12 000 ML/d
at Seymour for a short time after the trigger was activated on 11 July. However, as the
unregulated tributaries between Eildon and Seymour create a high flow shortly after, the Seymour
constraint limits the release from Eildon to about 5 days which would only add about 20-25 GL of
volume in this case. There would have been more scope to increase the release from Eildon in
October (perhaps by up to 7 000 ML/d), to fill in the trough that occurred. However this would not
align with the peak flow in SA, and therefore the benefits associated with extending the duration
of the high flows would need to be considered.

Page 87

Summary of analysis undertaken to support the experienced river operators workshop

Figure 9-31: Historical releases from Eildon and resulting flows at Seymour in typical 'trigger' years

In contrast, in 1991 there is a longer period of time after the trigger is activated (on 17 July) where
the release from Eildon is less than 10 000 ML/d, and the flow at Seymour is less than
12 000 ML/d, during which environmental water could have been released (perhaps at rates of up
to 8 000 ML/d) to coincide with a peak flow from the Murrumbidgee and the ‘triggered’ release
from Hume.
Figure 9-31 indicates that, given the current channel capacity constraints, the primary
opportunities for this operating strategy are to add volume to the rising and falling limbs of the
hydrograph, thereby extending the duration of a peak, and adding volume. In making such
environmental releases from Eildon, it would also be necessary to consider the constraints further
downstream (such as the minor flood levels at Shepparton and McCoy’s Bridge); however it is
likely that these will be met, if the constraints immediately downstream of Eildon are met.

9.5 Murrumbidgee management options
As discussed in Section 8.6, there are limited opportunities to increase releases from the
Murrumbidgee storages to meet a peak originating from the other tributaries due to the long travel
times. However, there is some scope in a number of years, where the duration of the peak flow
may be able to be sustained for a longer period of time through a release from the upper
storages.
A rapid assessment was undertaken of the modelled scenarios to identify opportunities where
there was channel capacity available in the Murrumbidgee at Gundagai (below 32 000ML/d)
when both the Upper Murray and Goulburn were flowing strongly (i.e. above 65 000 ML/d at
Yarrawonga and above 28 000 ML/d at McCoys Bridge). This process identified nine
opportunities (out of 114 years), which were generally at the end of a ‘natural’ high flow event in
the Murrumbidgee. Despite this, releases from Burrinjuck and Blowering could still be made
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within the timeframe to extend the duration of the overbank flow at Balranald. An example of this
event is during 1936 (refer case study in Section 9.1.8) as shown in Figure 9-32. In the case
study, a release from Hume is triggered by the flow at Wagga Wagga at the beginning of August.
However, high flows occur at both Yarrawonga and McCoys Bridge towards the end of August
even under the ‘un-boosted’ scenario. If releases from Burrinjuck (max 27 000 ML/d) and
Blowering (max 9 000 ML/d) are maintained (or increased) at the end of August to make use of
the available channel capacity at Gundagai it may be possible to extend the period of time that
overbank flows occur at Balranald and in SA.

Figure 9-32: Possible opportunity to release from Murrumbidgee storages (under BP-2800 scenario)

In addition, a preliminary investigation was also undertaken to assess how effective a “fill and
spill” strategy on the Murrumbidgee would be. This strategy worked well to increase the high flow
events. As the storages of Burrinjuck and Blowering are relatively small in relation to their
catchments, they spill more frequently than Hume and Eildon (which are almost three times the
size). Whilst the storages are filling (the first part of the season) the unregulated tributaries are
gradually pre-wetting and filling up the floodplain, so that the second or third major rainfall event,
which causes the storages to spill, travels more quickly along the length of the river and with less
loss, resulting in higher flow rates at Balranald. However, whilst pre-releases occur, the spills are
not limited by channel capacity constraints and therefore it is likely that infrastructure and private
property would be inundated more frequently than under other operating strategies. Compared to
the BP-2800 scenario, there are lower flows at the start of each season (as the storages are
filling, rather than environmental releases being made) but later rainfall events cause larger flows
that in-turn go over bank at Balranald (refer Figure 9-33).

Page 89

Summary of analysis undertaken to support the experienced river operators workshop

Figure 9-33: Comparing a Fill and Spill scenario to the BP-2800 Scenario (1958)
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10 Application of event-based results to the whole time series
The results in this Section were prepared after the Experienced River Operators Workshop by
applying the triggers for the Hume and Menindee Lakes releases to the whole modelled time
series. Section 10.1 summarises the increase in flow achieved; Section 10.2 the improvements to
the area inundated; and Sections 10.3 and 10.4 present some statistics and analysis of the
successful and less effective events, when these triggers are applied to the whole time series.
The Wagga Wagga trigger was slightly modified as a result of the preliminary analysis of the
whole modelled time series, as shown in Table 10-1, however could still be further refined as part
of more detailed modelling of the operating strategies.
Table 10-1 : Refinement of the Wagga Wagga trigger

Wagga Wagga
trigger

Preliminary trigger developed for
individual case studies

Modified trigger developed in applying
to whole time series

Volume

400 GL past Wagga Wagga in the
previous 30 days

670 GL past Wagga Wagga in the previous
30 days

Flow

25 000 ML/d average flow in the
previous 2 weeks

30 000 ML/d average flow for the previous
2 weeks

Season

May to early October

May to September (with some flexibility for
late season very high flows)

The “Boosted Scenario” referred to in the following Sections includes the release of
environmental water over and above the BP-2800 scenario, when the triggers are activated, as
follows:
• 300 GL from Hume, at rates of 40 000 ML/d at Doctors Point; and
• 200 GL from Menindee Lakes, at rates of 9 000 ML/d at Weir 32.
It is important to note that the results in the following sections are indicative only, and that the
caveats noted in Section 9 apply, primarily that significant volumes of water are added to the
scenarios via the dummy tributaries, and therefore that the flow on effects associated with the
release of this water, including potential impacts on storage levels and water sharing
arrangements, and other environmental releases (such as the releases made for base flows and
freshes in the BP-2800 scenario) cannot be determined. Further, only limited consideration was
given to the availability of environmental water in the Boosted Scenario. As this approach does
not incorporate the impact of such environmental releases on year-to year operations, it may
overestimate the number of medium-sized flow events generated from spills.
On the other hand, improved meteorological forecasting, modelling and the implementation of the
full suite of potential operating strategies may allow further improvements to be made. In
particular, the release from Menindee Lakes could be much improved by applying a trigger based
on the forecast shape and size of the hydrograph, in contrast to the results of this preliminary
modelling scenario, in which some releases are not successful due to the ‘hard’ trigger
developed.
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Further modelling, subsequent to development of the modelling tools, is required to understand
the potential benefits and costs of applying the operating strategies proposed over the full 114
year modelled period.

10.1 Potential increase in flow to SA
Figure 10-1 shows a bar graph representing the peak 7 day flow to SA under Baseline (in dark
blue), BP-2800 (in light blue) and the Boosted Scenario (in red). Whilst this exercise aimed to
increase flow to SA within the 50 000 to 80 000 ML/d range (the highlighted Target Zone),
improvements also occurred for higher flows. In these cases, any social and economic costs
would need to be weighed against the environmental benefit of these flows. The development of
trigger to ‘abandon’ the releases in the event these circumstances would be wise to prevent such
impacts.

Figure 10-1: Case Study results applied to whole time series - Peak 7 day Flow to SA
N.B. Where the Baseline flow is larger than the BP-2800 flow, the Baseline column is transparent.

Whilst only 3 events increase an existing event above the 80 000 ML/d flow to SA target as set by
the Basin Plan Environmental Watering Requirements, a number of events have successfully
been augmented within the target zone, which would improve the area inundated, and the
condition and resilience of the floodplain vegetation.

10.2 Potential increase in area inundated
Figure 10-2 shows the relative improvements to the area of floodplain inundated from Lock 6 to
the Lower Lakes based on the peak 7 day flow to SA. In this analysis, flows below 20 000 ML/d
are not included as they effectively remain in-channel, and include permanently inundated
wetlands.
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Figure 10-2: Case Study results applied to whole time series - Area inundated (ha) from Lock 6 to the Lower
Lakes based on Peak 7 Day Flow to SA

The area inundated in the Target Zone ranges between 33 000 and 62 000 hectares. Figure 10-2
shows that in the Target Zone, the relatively small increases in flow shown in Figure 10-1 area
associated with significant increase in area inundated. These improvements are more significant
for each extra GL of flow, than those that occur outside the Target Zone. For example, in 1889
the BP-2800 scenario makes an improvement of about 15 000 ML/d to the 7 day peak flow, which
converts to about an extra 2 000 hectares inundated in this reach. In contrast, in 1924 the
operating strategies applied improve the peak flow by only about 6 000 ML/d, but the area
inundated increases by close to 7 000 hectares. Smaller increases to flow within the Target Zone
have more benefit to floodplain communities than larger increases in lower flow ranges. Once the
Target Zone is exceeded, the relative benefits of increased flow recede again.

10.3 Achievement of Basin Plan environmental watering requirements
Noting the caveats associated with the Boosted Scenario outlined above, a preliminary
comparison of the achievement of the Basin Plan flow indicators (as described at MDBA 2012c)
is made with the BP-2800 scenario. Whilst the modelling is only preliminary, the results indicate
that there is potential to achieve high flow environmental outcomes at other icon sites, in
conjunction with the targeted environmental outcomes in the Lower Murray.
10.3.1 Riverland–Chowilla Floodplain
Table 10-2 shows the achievement of Basin Plan flow indicators for the Riverland–Chowilla
floodplain which is measured using the flow to SA. The table shows the results under both the
BP-2800 scenario and under the Boosted Scenario. Columns (a) & (c) show the proportion of
years that contain a fully successful event i.e. no consideration for partially achieved events. The
Boosted Scenario increases the proportion of years in four categories including the 100 000 ML/d
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flow target. Whilst 80 000 ML/d was the target flow event, the achievement of this indicator did
not change. On further investigation, it was found that the duration of the events was the main
factor that influenced the non-achievement of the flow indicator. This could perhaps be improved
if the operating strategies for the Goulburn, Murrumbidgee and Lake Victoria are also applied to
extend the duration of an event.
Table 10-2: Achievement of Basin Plan flow indicators for the Riverland–Chowilla Floodplain under the BP2800 and Boosted scenarios

Flow
threshold
(ML/d)

Duration

Season

Target
(%)

Frequency
(%)

Frequency
(%)

Frequency
(%)

Frequency
(%)

(days)

-

-

-

-

(a)
BP-2800

20 000

60

72-80

72

40 000

30

50-70

52

40 000

90

33-50

60 000

60

80 000

30

100 000

21

125 000

7

Jun Dec
Jun Dec
Jun Dec
Jun May
Jun May
Jun May
Jun Dec

(b)
BP-2800:
Rules
relaxed
(10% Flow
and
Duration)
82

72

(d)
Boosted:
Rules
relaxed
(10% Flow
and
Duration)
82

65

53

65

30

45

32

45

25-33

19

28

21

31

17-25

11

15

11

18

13-17

5

11

7

11

10-13

4

4

4

4

(c)
Boosted

In contrast, if the Basin Plan flow indicators are relaxed by 10%, (as in columns (b) and (d)) the
Boosted Scenario increases the achievement of the 80 000 ML/d flow threshold to 18% of years,
in comparison to 15% of years under BP-2800. In doing so, it achieves the target proportion of
years of between 17% and 25% of years.
10.3.2 Barmah–Millewa Forest
Table 10-3 shows the achievement of Basin Plan flow indicators for the Barmah–Millewa Forest
which is measured using the flow downstream of Yarrawonga Weir. Both the BP-2800 and
Boosted Scenarios are presented in the table. The Boosted Scenario slightly increases the
achievement of the 25 000 ML/d, 35 000 ML/d and 50 000 ML/ flow targets. The improvement is
only marginal because of the limited duration of the environmental releases from Hume (generally
only a week), so it is only when this adds to either end of an event that an additional successful
event is created. In such cases, where the targets are nearly met, it may be feasible for

Page 94

Summary of analysis undertaken to support the experienced river operators workshop

environmental managers to assess the on-ground outcomes, and opt to extend the high release
to meet these targets, whilst also increasing the duration of events in the Lower Murray.
Table 10-3: Achievement of Basin Plan flow indicators for the Barmah–Millewa Forest under the BP-2800 and
Boosted scenarios

Flow threshold
(ML/d)

Duration

Season

Target
(%)

(days)

Frequency (%)
(a)
BP2800

(b)
BP-2800:
Rules
relaxed
(10% Flow &
Duration)

(c)
Boosted

(d)
Boosted:
Rules
relaxed (10%
Flow &
Duration)

12,500

70

Jun - Nov

70-80

83

86

83

86

16 000

98

Jun - Nov

40-50

58

68

58

68

25 000

42

Jun - Nov

40-50

44

52

45

54

35 000

30

Jun - May

33-40

30

35

32

39

50 000

21

Jun - May

25-30

16

18

18

22

60 000

14

Jun - May

20-25

11

16

11

16

15 000

150

Jun - Dec

30

38

44

38

44

10.4 Analysis of results
Of the 114 years that were modelled, the flows were boosted (i.e. one of the triggers is activated)
in 44 years (39%). In 37 of the triggered years environmental releases were made from Hume; in
26 years, an environmental release was made from Menindee Lakes; and in 19 years releases
were made both Hume and Menindee Lakes. This is shown in Figure 10-3. In practice, if a
release is successfully made from Hume, it would be logical to top this up with a release from
Menindee Lakes to compound the benefits, unless there were existing high flows in the Darling
River.
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Figure 10-3: The make-up of ‘Trigger’ years

Of the 44 years in which the flows were boosted, an increase of more than 5 000 ML/d was made
to the peak 30 day average flow to SA in 10 of the years (23%), as shown in Figure 10-4. These
events were considered highly successful. There was little change (<1 000 ML/d) to the peak 30
day average flow to SA in 14 of those years (32%) These events were considered less effective.
In the remaining 20 years, increases were between 1 000 ML/d and 5 000 ML/d. These events
were considered successful.

Figure 10-4: Proportion of highly successful, successful and less effective events

In order to improve outcomes it is important to understand how the successful events are
created, and how to avoid the less effective events. Figure 10-5 shows how the successful and
highly successful events were created. Half of these events (50% or 15 years) occurred when
both Hume and Menindee Lakes were triggered to release; eleven (37%) occurred solely due to a
Hume release; and the remaining four (7%) occurred solely due to a Menindee Lakes release.
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Figure 10-5: Make-up of the successful and highly successful events

Looking at the highly successful events on their own: seven (70%) occurred when releases were
made from both Hume and the Menindee Lakes; two (20%) occurred due solely to a Menindee
Lakes release; and one occurred due solely to a Hume release. This reiterates the point made in
Section 4.2 that inputs from multiple valleys are required to maximise the outcomes. Adding extra
inflow from the Goulburn and Murrumbidgee will likely increase the success rate of these
releases.

Figure 10-6: Make-up of the highly successful events
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Of the 14 less effective events; seven (50%) occurred when only a Hume release was made;
three (21%) occurred when only a Menindee Lakes release was made; and four (29%) occurred
when both a Hume and Menindee Lakes release was made. These statistics highlight the risk of
using the upper storages such as Hume, as travel times are likely to vary widely depending on
the flow rates and antecedent conditions, and it will be difficult to get the release timed to
perfectly align with the inflows from the tributaries.

Figure 10-7: The make-up of the unsuccessful events
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The main reason that the releases from the Menindee Lakes were less effective was due to mistiming of the release. This is illustrated in Figure 10-8 in which a release is triggered by the rising
limb of a very large event. Figure 10-10 also shows a late release from Menindee Lakes. In
reality, operators would be able to forecast the arrival of the higher flows, and would adjust the
release to better align with the peak flow.

Figure 10-8: Example of a less effective release from Menindee Lakes (based on modelled 1993 releases)

The less-effective Hume releases also tend to be due to mis-timing. Often, the trigger activates
on a small event, prior to a larger event that may or may not be able to be augmented. Figure
10-9, shows a case study in which a release from Hume is made on an event which is followed
by a larger event. If enough water was available in the environmental account a second release
could theoretically be made. However, in the case study, the storage volume is not altered by the
environmental release. In reality, the second peak would probably be smaller than illustrated,
given the volume of environmental water released to top up the first peak. Regardless, such a
scenario could still occur, and will be very hard for operators to forecast.
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Figure 10-9: Example of a less effective Hume release (based on modelled 1939 releases)

Other mis-timed releases from Hume occur due to the high variability in travel times, which
results in the trigger being either too early or too late to effectively coincide with the peak, as
shown in Figure 10-10. The release has still achieved benefits, though, by adding to the duration
of the event. Accordingly, this release was not accounted as a less-effective result in the
statistics. Despite this, it may be possible to improve how well the release aligns with the peak (if
that is the goal) with improved forecasting, and operator knowledge and experience.
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Figure 10-10: Example of a less effective Hume and Menindee Lakes release (based on modelled 1900
releases)
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10.5 Summary of key findings from case studies
•

The initial triggers trialled to prompt the release of environmental water from storages look
promising. These should be further developed via system modelling that makes releases
based on the conditions at the time, including forecasts of the days and weeks ahead.
Operators would also be able to draw on knowledge from historical events, and have
regard for antecedent conditions.

•

Triggered releases correlate quite strongly to natural inflows to the storages –
“translucent” operation of storages in winter/spring may be an important alternative way to
increase the frequency of flows in the target range.

•

Whilst this approach focuses on increasing the frequency of the target event (which
encompasses two flow indicators at Chowilla and two at Hattah), inundation of indicator
sites across the Upper Murray, Murrumbidgee and Goulburn would also occur in meeting
the target. A range of flow indicators, including some lower flow targets, may also be met
simultaneously. There should be an aim to nest hydrographs and achieve multiple
outcomes simultaneously, where possible. However, there will need to be some shift in
the patterns of watering, and the implications for the full range of flow indicators needs to
be tested by system modelling, and any trade-offs evaluated.

•

There needs to be a process to consider aligning the environmental outcomes between
valleys. It may also be appropriate to look at the valleys in their own right, in a similar
fashion.

•

To date, the Basin Plan flow indicators have been used as indicators of success.
However, flexible reporting of environmental outcomes will reduce the perceived
operational risk. For example, if 500 GL of environmental water is released from
storage(s), and boosts the flow to SA from 60 000 to 75 000 ML/d, the increase in flow
within the target range would significantly increase the area of floodplain inundated,
despite the fact that the flow did not reach 80 000 ML/d (a key flow indicator for Chowilla).

•

Implementation within an adaptive management framework, that allows scope for
operators to be flexible depending on the conditions at hand, will be key.

•

Whilst no modelling has yet been undertaken of the environmental account, it is likely that
carry-over of environmental water would be required to allow sufficient environmental
water to accumulate for such large, episodic operations to be successful. It may also be
possible for the Commonwealth Environmental Water Holder to purchase temporary
entitlement.

•

The operating strategies proposed are quite different to regulated operations, but
environmental operations have been implemented to an increasing degree over the last
15 years. It can be reasonably expected that water managers and river operators would
get better at delivering such flows more effectively and efficiently over time.
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11 Conclusions
The following Sections provide an overview of the agreed outcomes from the Experienced River
Operators Workshop. Some of the analysis included in this report was completed after the
workshop was held, to further test the feasibility of the operating strategies proposed, however
the findings of this work do not alter any of the workshop outcomes.

11.1 Overarching outcomes from the workshop
Workshop participants agreed that the work to date indicates that it is physically feasible to
release environmental water from storage(s) in a coordinated manner to boost existing high flows
in rivers and increase the frequency of overbank flows in the Lower Murray (downstream of
Euston) in the target range (50 000ML/d to 80 000ML/d), noting the following significant issues:
•

inundation of privately owned land;

•

legal questions/issues including liability of water managers and operators;

•

water accounting issues;

•

determination, recognition and resolution of impacts on irrigation entitlements and state
shares (if any); and

•

water policy issues/rules including consideration of an enabling and uniform
environmental carry-over system.

Further details regarding each of these issues are included in Section 11.2.
It was agreed that there is scope to increase the frequency of flows in the target range if
operations are changed within the current constraints. However, it is likely that the more the key
constraints can be relaxed, the better the outcomes will be; noting that there is expected to be a
corresponding increase in the social and economic costs. Relaxing of the constraints may be able
to occur progressively over time.
It was suggested that the work undertaken to inform the workshop indicates that the full volume
of water proposed to be recovered for the environment under the Basin Plan can be used
effectively providing relevant constraints are resolved.

11.2 Summary of significant issues and constraints
•

Issues relating to inundation of privately owned land (there would be a need to
deliberately release flows and cause inundation above the current established operational
limits)
o

o

need to develop options to progressively resolve the constraints and allow such
inundation to occur (e.g. by the acquisition of easements, provision of bridges to
maintain access to land, construction of levees, development of appropriate warning
systems);
need to mitigate public and political concerns stemming from recent events such as
Wivenhoe.
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•

Legal issues e.g.
o
o
o

•

Water accounting issues e.g.
o
o

o

o
o

•

o

use river system modelling to determine whether any impacts have arisen due to
change in the point of delivery, timing, and potentially location the water is called;
from. There may also be conflict in timing of releases for environment and irrigation
any impacts would need to be resolved.

Policy issues e.g.
o

o
o
o
o
o
o
•

where and when appropriate, need to be able to substitute irrigation water for
environmental water;
it will be necessary to be able to deliver environmental water during periods of
unregulated flow. Policy and water accounting arrangements will therefore need to
be pre-agreed to allow this to occur;
need to determine the volume of environmental water callable from storage, as
distinct from the environmental entitlement, which could mean specifying where
water is available under River Murray System environmental entitlements;
need to improve understanding that some water accounting is based on estimates
and modelled balances and is at varying degrees of accuracy;
need to look at options to account environmental water usage at storage(s) instead
of delivery/supply points mainly during unregulated periods to overcome accuracy
issues.

Impacts on irrigation entitlements and state shares (if any)
o

•

The rights of private landholders on floodplains in each State;
duty of care;
operators in all jurisdictions must be appropriately authorised and indemnified
before any change in operations, that involves increased inundation due to
deliberate releases, can occur.

continue to research how to maximise the outcomes from the environmental water
available. i.e the part of the floodplain to actively manage, how long for and how
often;
it is likely that there would be a need to allow environmental water to be carried-over
in storage to ensure sufficient water is available for releases to be made;
review entitlement frameworks and difference in carry-over rules between valleys;
determine impact on events of supplementary access to unregulated flows;
determine impact of the proposed decommissioning of part or all of Menindee Lakes
on the operating strategies proposed;
determine impact on the Lake Victoria Operating Strategy;
review the Additional Dilution Flow rules.

Technical issues relating to the selection of target event and timing of release
o
o

need to improve the availability of real time information and forecasts;
need to improve triggers for event selection to achieve maximum possible benefit.
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11.3 Further work
Workshop participants agreed that investigations and analysis into the possible operating
strategies, triggers, constraints and issues should continue and that a work plan should be
prepared for BOC consideration. This is a significant body of work, which hinges on upgrading
and integration of the hydrological models of the Murray, Murrumbidgee and Goulburn Rivers
including implementation of an environmental account in the Murrumbidgee model and the
development of methods to trigger and generate environmental demands within the models, to
allow a comprehensive assessment of the proposed approach over the full 114 years of record.
Much of the work required is not specific to the operating strategies discussed at the workshop,
but is required in a general sense to assist water managers and river operators to use the
available environmental water as effectively and efficiently as possible. Some of this work has
already commenced. The ongoing work required is summarised in Table 19.
The work program is likely to take two to three years for the initial investigations (including model
development), and in the order of a decade to implement.
Table 11-1: Ongoing and Further Work Required

Area

Items to be addressed

Technical

•
•

Resolution of
barriers

•
•
•
•
•

Implementation

•

Community

•

Model development (e.g. inclusion of accounts, new hydraulic
and/or floodplain inundation models) and integration
Modelling of operating strategies, triggers and barriers. Assessment
of benefits and impacts (including implications for existing irrigation
entitlements, if any)
Strengthen underpinning science and ecology
Key physical constraints (e.g. via easements, access works, levees)
Environmental water policy (e.g. carryover rules)
Legal issues (e.g. operator indemnity, revise MDB Agreement)
Water accounting (e.g. to allow the use of environmental water
during periods of unregulated flow; accounting for multi-use of
environmental water )
Progressive implementation via trial and application of adaptive
management principles
Educate, inform and consult with affected communities
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13 Appendix A: Murrumbidgee River System background
The Murrumbidgee region is in southern New South Wales and represents 8.2% of the total area
of the MDB. The region includes the Fivebough and Tuckerbil Swamps Ramsar site, the
nationally significant Mid Murrumbidgee River Wetlands and Lower Murrumbidgee Floodplain,
and numerous smaller important wetlands (CSIRO 2008). The region uses over 22% of the
surface water diverted for irrigation and urban use in the MDB.
Flows in the Murrumbidgee region are highly regulated. Tantangara Dam (254 GL), completed in
1960 on the upper Murrumbidgee, regulates nearly all inflows and diverts approximately 99% of
the river's flow at that point into Lake Eucumbene (part of the Snowy Mountains Hydro-electric
Scheme). Further downstream Burrinjuck Dam (1024 GL), completed in 1907, regulates 77% of
all inflows. Blowering Dam (1631 GL), completed in 1968 on the Tumut River, regulates 87% of
all inflows, in addition to the effects of the upstream storages of the Snowy Mountains Hydroelectric Scheme.
A detailed profile of the Murrumbidgee River System is included at the end of this Appendix.

13.1 Murrumbidgee Indicator Sites
A brief summary of the indicator sites identified under the Basin Plan for the Murrumbidgee
follows. Further information regarding these sites, including the development of the flow
indicators for the proposed Basin Plan is included in MDBA (2012c).
Mid-Murrumbidgee River wetlands
The Mid Murrumbidgee River Wetlands are an assemblage of lagoons and billabongs along the
Murrumbidgee River from Wagga Wagga to Carrathool (refer following Murrumbidgee River
Profile) and include Bulgari Lagoon, Currawananna Lagoon, McKenna’s Lagoon and Sunshower
Lagoon. There is no prescribed geographic area. The wetlands are on the floodplain and receive
flows from the river mostly during winter and spring floods. River Red Gum forest and woodlands
dominate the vegetation of the area with Black Box woodland being more marginal on the
floodplain (CSIRO 2008).
Lower Murrumbidgee floodplain
The Lower Murrumbidgee floodplain is located downstream of Maude and covers some 200 000
ha. The broader area is sub-divided into the Nimmie-Pollen-Caira system near Maude Weir and
the Redbank-Yanga system further downstream. The floodplain receives floods overbank or via
controlled diversions from Maude and Redbank weirs. This is most often during winter and
spring. The Nimmie-Pollen-Caira system also has a large number of water control structures. The
vegetation of the Nimmie-Pollen-Caira system is predominantly extensive areas of Lignum. The
Redbank-Yanga portion is covered by River Red Gum forest and woodlands with Black Box on
the floodplain margins. A wide range of fauna are found on the floodplain and both portions are
known to be used extensively for waterbird breeding.
The Environmental Watering Requirements (EWRs) for these sites follow (extract from MDBA
(2011b).
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Table 13-1: Mid-Murrumbidgee Floodplain wetlands EWP objectives and EWR targets (flows gauged at
Narrandera on the Murrumbidgee River)

Subsidiary EWP objectives

System-wide EWR targets

Environmental Watering Plan objectives that are
applicable at the site: 2-5, 7-9, 12-20

As previously outlined

Table 13-2: Mid-Murrumbidgee Floodplain wetlands ecological targets

Site specific ecological 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 the habitat requirements of waterbirds and is
conducive to successful breeding of colonial nesting waterbirds
Provide a flow regime which supports recruitment opportunities for a range of native
aquatic species (e.g. fish, frogs, turtles, invertebrates)
Provide a flow regime which supports key ecosystem functions, particularly those related
to connectivity between the river and the floodplain
Table 13-3: Mid-Murrumbidgee Floodplain wetlands flow indicators

Site specific flow indicators
26,850 ML/Day for a total duration of 45 days between July & November for 20% of
years
26,850 ML/Day for 5 consecutive days between June & November for 50% of years

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

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

63,250 ML/Day for 3 consecutive days between June & November for 12% of years
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Table 13-4: Lower Murrumbidgee Floodplain wetlands EWP objectives and EWR targets (flows gauged at
Maude Weir on the Murrumbidgee River)

Subsidiary EWP objectives

System-wide EWR targets

Environmental Watering Plan objectives
that are applicable at the site: 2-5, 7-9, 1220

As previously outlined

Table 13-5: Lower-Murrumbidgee Floodplain wetlands ecological targets

Site specific ecological 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 the habitat requirements of waterbirds and is
conducive to successful breeding of colonial nesting waterbirds
Provide a flow regime which supports recruitment opportunities for a range of native
aquatic species (e.g. fish, frogs, turtles, invertebrates)
Provide a flow regime which supports key ecosystem functions, particularly those related
to connectivity between the river and the floodplain
Table 13-6: Lower-Murrumbidgee Floodplain wetlands flow indicators

Site specific flow indicators
A total in-flow volume of 175 GL above a minimum flow threshold of 5000 ML/Day during
July & September for 70% of years
A total in-flow volume of 270 GL above a minimum flow threshold of 5000 ML/Day during
July & September for 60% of years
A total in-flow volume of 400 GL above a minimum flow threshold of 5000 ML/Day during
July & October for 55% of years
A total in-flow volume of 800 GL above a minimum flow threshold of 5000 ML/Day during
July & October for 40% of years
A total in-flow volume of 1700 GL above a minimum flow threshold of 5000 ML/Day
during July & November for 20% of years
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Table 13-7: In Channel Flows - Lower Murrumbidgee River EWP objectives and EWR targets (flows gauged
downstream of Balranald Weir on the Murrumbidgee River)

Subsidiary EWP objectives

System-wide EWR targets

Environmental Watering Plan objectives
that are applicable at the site: 3-5, 7-9, 11-

As previously outlined

20
Table 13-8: In Channel Flows - Lower Murrumbidgee River ecological targets

Site specific ecological targets
Provide a flow regime which supports recruitment opportunities for a range of native
aquatic species (e.g. fish, frogs, turtles, invertebrates)
Provide a flow regime which supports key ecosystem functions, particularly those related
to longitudinal connectivity and transport of sediment, nutrients and carbon
Table 13-9: In Channel Flows - Lower Murrumbidgee River flow indicators

Site specific flow indicators
A total in-flow volume of 175 GL above a minimum flow threshold of 5000 ML/Day during
July & September for 70% of years
A total in-flow volume of 270 GL above a minimum flow threshold of 5000 ML/Day during
July & September for 60% of years
A total in-flow volume of 400 GL above a minimum flow threshold of 5000 ML/Day during
July & October for 55% of years
A total in-flow volume of 800 GL above a minimum flow threshold of 5000 ML/Day during
July & October for 40% of years
A total in-flow volume of 1700 GL above a minimum flow threshold of 5000 ML/Day
during July & November for 20% of years
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Figure 13-1: Murrumbidgee River longitudinal Profile
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14 Appendix B: Goulburn River System background
The Goulburn River system is located in north-central Victoria, rising in the Great Dividing Range
and flowing into the River Murray upstream of Echuca. It is a major tributary of the Murray system
second only to the Murrumbidgee in terms of the surface water availability. Although the
Goulburn-Broken catchment occupies just 2% of the MDB (10.5% of Victoria), it provides 11% of
the Basin's stream flow. The region uses around 14% of the surface water diverted for irrigation in
the MDB (CSIRO 2008). It is a highly regulated river (refer detailed profile of the Goulburn River
System included at the end of this Appendix).
The major storage, Lake Eildon was completed in 1929, enlarged in 1935, and enlarged again
between 1951 and 1955. The lake is now the second largest water storage in Victoria, with a
capacity of 3,334 GL. Water stored in Lake Eildon is sent to Goulburn Weir where it is diverted for
irrigation and stock and domestic purposes via a distribution system that connects all the way
west to the Loddon River, and includes the off-stream storage Waranga Basin (which has a
capacity of 432 GL). On average, 91% of water released from Lake Eildon is diverted for irrigation
purposes in the Goulburn, Loddon and Campaspe Valleys.
Goulburn Weir, with a capacity of 25 GL, was the first major diversion structure built for irrigation
in Australia, dating back to the 1880s. It forms Lake Nagambie which is used for recreation, and
also supplies farming and residential needs.
The Goulburn River system also includes the Broken River and Broken Creek. Lake Nillahcootie
with a capacity of 40 GL regulates water supply in the Broken River. The Broken Creek diverges
from the Broken River at Caseys Weir west of the Winton Wetlands (previously Lake Mokoan)
and flows north-west into the River Murray upstream of Barmah.

14.1 Goulburn Indicator Site
A brief summary of the indicator site identified under the Basin Plan for the Goulburn follows.
Further information regarding this site, including the development of the EWRs for the proposed
Basin Plan, is included in MDBA (2012c).
Lower Goulburn River floodplain
The lower Goulburn River and floodplain downstream of Loch Garry are listed as nationally
important wetlands (refer Goulburn River Profile, following). The river also influences the Ramsar
listed Barmah–Millewa Forest and Gunbower Forest wetlands during periods of high flow
(CSIRO, 2008) (refer River Murray Profile, Appendix C: River Murray System background). The
Lower Broken River Floodplain contains around 30 separate wetlands such as swamps and
billabongs. Lake Mokoan, near Benalla, which previously used to store water, has been returned
to its natural state as the Winton Wetlands, an important local habitat for several endangered
flora and fauna species.
The mid-Goulburn River contains significantly less area of floodplain, wetlands and flood
dependent native vegetation compared to the lower reaches of the Goulburn River downstream
of Goulburn Weir. The upper Goulburn River upstream of Lake Eildon is largely unregulated
being relatively unaffected by diversions.
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The Environmental Watering Requirements (EWRs) for the site follow (extract from MDBA
(2011b).
Table 14-1: Lower Goulburn River Floodplain EWP objectives and EWR targets (flows gauged at McCoys
Bridge on the Goulburn River)

Subsidiary EWP objectives

System-wide EWR targets

Environmental Watering Plan objectives
that are applicable at the site: 1-5, 7-9, 12-

As previously outlined

20
Table 14-2: Lower Goulburn River Floodplain ecological targets

Site specific ecological targets
Provide a flow regime which supports recruitment opportunities for a range of native
aquatic species (e.g. fish, frogs, turtles, invertebrates)
Provide a flow regime which supports key ecosystem functions, particularly those related
to longitudinal connectivity and transport of sediment, nutrients and carbon.
Table 14-3: Lower Goulburn River Floodplain flow indicators

Site specific flow indicators
5,000 ML/Day for 14 consecutive days between October & November for 49% of years

Two events annually of 2,500 ML/Day for 4 consecutive days between December & April
for 36% of years
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Table 14-4: In Channel Flows – Lower GoulburnRiver EWP objectives and EWR targets (flows gauged McCoys
Bridge on the Goulburn River)

Subsidiary EWP objectives

System-wide EWR targets

Environmental Watering Plan objectives
that are applicable at the site: 3-5, 7-9, 11-

As previously outlined

20
Table 14-5: In Channel Flows - Lower Murrumbidgee River ecological targets

Site specific ecological targets
Provide a flow regime which supports recruitment opportunities for a range of native
aquatic species (e.g. fish, frogs, turtles, invertebrates)
Provide a flow regime which supports key ecosystem functions, particularly those related
to longitudinal connectivity and transport of sediment, nutrients and carbon
Table 14-6: In Channel Flows - Lower Murrumbidgee River flow indicators

Site specific flow indicators
A total in-flow volume of 175 GL above a minimum flow threshold of 5000 ML/Day during
July & September for 70% of years
A total in-flow volume of 270 GL above a minimum flow threshold of 5000 ML/Day during
July & September for 60% of years
A total in-flow volume of 400 GL above a minimum flow threshold of 5000 ML/Day during
July & October for 55% of years
A total in-flow volume of 800 GL above a minimum flow threshold of 5000 ML/Day during
July & October for 40% of years
A total in-flow volume of 1700 GL above a minimum flow threshold of 5000 ML/Day
during July & November for 20% of years
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The McCoys Bridge flow volume required to meet Basin Plan EWRs
Table 14-7: Estimates of the monthly flow volume required to meet Basin Plan EWRs for the Lower Goulburn
Floodplain

Basin Plan Environmental Water Requirements for the
Lower Goulburn Floodplain
25 000 ML/d for 5 days

40 000 ML/d for 4 days

Type of
1
estimate

Monthly volume
required (GL/mth)

Maximum

467

Minimum

333

Maximum

685

Minimum

484

2

Notes:

1. For methods of determining the estimates, see ‘Modelling Environmental Water Requirements
for the Goulburn River by implementing flow rules in the Goulburn Simulation Model’ – report
in prep. In summary:
• The maximum volume is estimated based on the 5th or 4th largest flow within the month.
• The minimum volume is estimated based on summing minimum daily flow requirement to
achieve the event, including rising and falling limbs and a minimum baseflow for the
remaining days in the month.
2. Based on historical data, a flow of 333 GL/mth corresponds to peak flow of about 22 000
ML/d (refer Figure B1) .

y

Historical data

Figure 14-1: Correlation between monthly volumes and peak flow at McCoys Bridge, Goulburn River (historical
data)
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Figure 14-2: Goulburn River longitudinal profile
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15 Appendix C: River Murray System background
The River Murray flows in a westerly direction from its headwaters in the Great Dividing Range
south of Khancoban. The major tributaries of the River Murray are the Mitta Mitta, Kiewa, Ovens,
Goulburn, Campaspe and Loddon Rivers that flow in a northerly direction to the River Murray
from Victoria, and the Murrumbidgee River and Darling Rivers flowing in a south-westerly
direction from New South Wales. The Edward and Wakool rivers are a major effluent system in
New South Wales that re-enters the River Murray upstream of Euston. River Murray flows are
also augmented by releases from the Snowy Mountains Hydro-electric Scheme (CSIRO, 2008).
The River Murray has three major storages - Hume Dam, Dartmouth Dam, and Lake Victoria.
Hume Dam is located on the upper River Murray near Albury and has a storage capacity of 3038
GL. It was constructed in 1936 and was enlarged in 1961. Dartmouth Dam commissioned in 1979
is located on the Mitta Mitta River and has a storage capacity of 3906 GL. Lake Victoria, located
in far-west New South Wales, was constructed in 1925 around natural wetlands and has a
storage capacity of 677 GL (CSIRO 2008). Flows in the River Murray are generally highly
regulated, except in very wet years when storages are all at or near full. Dartmouth and Hume
Dams both regulate 87% of their total inflow.
The River Murray System also incorporates the Menindee Lakes and the Lower Darling River.
The Darling River below Menindee flows for 200 km before joining the River Murray at
Wentworth. It spills into the Great Darling Anabranch about 55 km south of Menindee. Between
Menindee and the Great Darling Anabranch there is an expansive area of floodplain with River
red gum woodland and Black box trees. A series of large lakes exist along the Great Darling
Anabranch that take large volumes of water to fill. The Anabranch receives water from the Darling
River during floods, and backwater from the River Murray, west of Wentworth.
The Menindee Lakes comprise numerous lakes, ranging in size from 103 to 15,900 hectares. The
biggest lakes are Menindee, Pamamaroo and Cawndilla. Before the Menindee Lakes Scheme
was constructed in the 1960s, the lakes connected directly to the Darling River when flows were
high enough.
Mitta Mitta
The Mitta Mitta River is a major tributary of the River Murray. It’s flow is heavily modified by the
presence of Dartmouth Dam; more modified than any other part of the River Murray System. The
river joins the Murray east of Albury above Hume Dam.
Kiewa
The flow of the Kiewa River is constrained at its headwaters by the presence of several small
dams associated with the Kiewa Hydroelectric Scheme, which trap waters flowing from the
Bogong High Plains. The McKay Creek and West Kiewa power stations are the major generating
elements of the Scheme, which provide peak load to the Victorian electricity grid. However these
storages are relatively small, and have little impact on the flows in the river.
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Ovens
The Ovens region in north-eastern Victoria represents 0.7% of the total area of the MDB. The
Ovens River is unregulated upstream of Myrtleford and partly regulated downstream due to the
presence of the small storages on its tributaries: Lake Buffalo (24 GL); and Lake William Hovell
(13.5 GL). Lake Buffalo is sometimes used by Victoria to increase the Victorian inflow to the River
Murray. There is small amount of irrigation in the region. The Ovens River channel from
downstream of Wangaratta to Lake Mulwala (the impoundment behind Yarrawonga Weir on the
River Murray) is an environmental asset of national importance.
Information about the Murrumbidgee and Goulburn is included in the preceding sections. Other
tributaries to the River Murray System include the Broken Creek, Campaspe and Loddon Rivers
in Victoria, and the Billabong, Yanco and Colombo Creeks in NSW.

15.1 River Murray System Indicator Sites
The River Murray System includes some large and important wetlands, a number of which are
listed as sites of international importance under the Ramsar convention. Several sites are ‘Icon
Sites’ under the MDBA’s The Living Murray Initiative.
A brief summary of the indicator sites identified under the Basin Plan for the River Murray System
follows. Further information about these sites, including the development of the EWRs for the
proposed Basin Plan (see below), is included in MDBA (2012c).
Barmah–Millewa forest
The Barmah–Millewa Forest is the largest River Red Gum forest in Australia, covering 66 000
hectares of floodplain between Tocumwal, Deniliquin and Echuca. Part of the forest is nationally
and internationally important (Ramsar-listed) and is protected under international bird
agreements. It provides a diverse range of wetland environments and supports large breeding
colonies for waterbirds such as Egrets, Ibis and Rufous Heron. The forest has diverse plant
associations, supports rare and threatened plant species and provides habitat and food sources
for native fish.
Gunbower–Koondrook–Perricoota forest
The Gunbower–Koondrook–Perricoota Forest covers around 50 000 hectares and is located
downstream of Torrumbarry Weir, between Echuca and Swan Hill. The wetland complex is an
important breeding area for waterbirds such as the Rufous Heron and the Intermediate Egret and
provides habitat for other rare or threatened species.
Hattah Lakes
Hattah Lakes is most notable for its 17 semi-permanent freshwater lakes. The lakes form part of
the 48 000 hectare Hattah-Kulkyne National Park, and are Ramsar listed. Most of the lakes fill
from the River Murray via Chalka Creek. In very large floods, water rejoins the River Murray
further west. The varied inundation conditions at the lakes support a wide diversity of plants and
animals. The lakes can provide feeding and breeding areas for many waterbirds and native fish.
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Riverland–Chowilla floodplain (including Lindsay–Walpolla)
The Riverland-Chowilla Floodplain includes the Riverland Ramsar site, and The Living Murray
Chowilla Floodplain and Lindsay-Mulcra-Walpolla Islands icon site. It is one of the only parts of
the lower Murray floodplain not used for irrigation, so preserving much of its natural character. It
is located immediately downstream of the junction of the Murray and Darling Rivers and covers
three states. It includes a mosaic of anabranch creeks, wetlands, lagoons, lakes and floodplains.
They support many threatened plants and animals and a number of native fish. It is an area of
national significance due to the unique occurrence of wetlands in the normally semi-dry
environment, and international significance.
Great Darling Anabranch lakes
The Great Darling Anabranch is located in south-west New South Wales. This ancient path of the
Darling River extends 460 km from its junction with the Darling River (south of Menindee Lakes)
to the River Murray, about 20 km west of Wentworth. The Great Darling Anabranch comprises
numerous lakes and associated river channel and marginal vegetation. The wetlands cover
around 269 000 ha. A new pipeline has secured water supplies for landholders. This has allowed
the block banks along the river channel to be removed, and a more natural wet-dry regime to be
re-instated, and improving habitats for native fish and birds.
Lower Lakes, Coorong and Murray Mouth
The Lower Lakes (Lakes Albert and Alexandrina) are isolated from the Murray mouth and the
Coorong by barrages. The Coorong is about 140 km long and covers 660 km2. The Coorong
includes the Murray estuary (incorporating the Murray mouth and connection with the Southern
Ocean) and the northern and southern lagoons. The area provides habitat for over 85 species of
waterbirds and supports over half of the waterbirds found in South Australia. Species listed in
Japan - Australia, China - Australia and/or Republic of Korea – Australia migratory bird
agreements have been recorded at, and are supported by, the site. The site is also important for
breeding and feeding of many species of native fish. Much of the area is wetland of national and
international importance, and is “Ramsar”-listed.
The Environmental Watering Requirements (EWRs) for these sites follow (extract from MDBA
(2011b).
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Murray Region
Table 15-1: Barmah-Millewa forest EWP objectives and EWR targets (flows gauged downstream of Yarrawonga
Weir on the Murray River)

Subsidiary EWP objectives

System-wide EWR targets

Environmental Watering Plan objectives
that are applicable at the site: 1-5, 7-9, 12-20

As previously outlined

Table 15-2: Barmah-Millewa forest ecological targets

Site specific ecological 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 the habitat requirements of waterbirds and is
conducive to successful breeding of colonial nesting waterbirds
Provide a flow regime which supports recruitment opportunities for a range of native
aquatic species (e.g. fish, frogs, turtles, invertebrates).
Provide a flow regime which supports key ecosystem functions, particularly those related
to connectivity between the river and the floodplain.
Table 15-3: Barmah-Millewa forest flow indicators

Site specific flow indicators
12500 ML/Day for a total duration of 70 days (with a minimum duration of 7 consecutive
days) between June & November for 70% of years
16000 ML/Day for a total duration of 98 days (with a minimum duration of 7 consecutive
days) between June & November for 40% of years
25000 ML/Day for a total duration of 42 days (with a minimum duration of 7 consecutive
days) between June & November for 40% of years
35000 ML/Day for a total duration of 30 days (with a minimum duration of 7 consecutive
days) between June & May for 33% of years
50000 ML/Day for a total duration of 21 days (with a minimum duration of 7 consecutive
days) between June & May for 25% of years
60000 ML/Day for a total duration of 14 days (with a minimum duration of 7 consecutive
days) between June & May for 20% of years
15000 ML/Day for a total duration of 150 days (with a minimum duration of 7 consecutive
days) between June & December for 30% of years
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Table 15-4: Edward-Wakool River system EWP objectives and EWR targets (flows gauged at Deniliquin on the
Edward River)

Subsidiary EWP objectives

System-wide EWR targets

Environmental Watering Plan objectives
that are applicable at the site: 1-5, 7-9, 12-21,

As previously outlined

Table 15-5: Edward-Wakool River system ecological targets

Site specific ecological 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 the habitat requirements of waterbirds and is
conducive to successful breeding of colonial nesting waterbirds
Provide a flow regime which supports recruitment opportunities for a range of native
aquatic species (e.g. fish, frogs, turtles, invertebrates)
Provide a flow regime which supports key ecosystem functions, particularly those related
to connectivity between the river and the floodplain
Table 15-6: Edward-Wakool River system flow indicators

Site specific flow indicators
1,500 ML/Day for a total duration of 180 (with a minimum duration of 1 consecutive days)
days between June & March for 99% of years
5,000 ML/Day for a total duration of 60 (with a minimum duration of 7 consecutive days)
days between June & December for 60% of years
5,000 ML/Day for a total of 120 days (with a minimum duration of 7 consecutive days)
between June & December for 35% of years
18,000 ML/Day for a total of 28 days (with a minimum duration of 5 consecutive days)
between June & December for 25% of years
30,000 ML/Day for a total of 21 days (with a minimum duration of 6 consecutive days)
between June & December for 17% of years
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Table 15-7: Gunbower-–Koondrook—Perricoota Forests EWP objectives and EWR targets (flows gauged
downstream of Torrumbarry Weir on the Murray River)

Subsidiary EWP objectives
Environmental Watering Plan objectives
that are applicable at the site: 1-5, 7-9, 1220.

System-wide EWR targets
As previously outlined

Table 15-8: Gunbower-–Koondrook—Perricoota Forests ecological targets

Site specific ecological 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 the habitat requirements of waterbirds and is
conducive to successful breeding of colonial nesting waterbirds
Provide a flow regime which supports recruitment opportunities for a range of native
aquatic species (e.g. fish, frogs, turtles, invertebrates)
Provide a flow regime which supports key ecosystem functions, particularly those related
to connectivity between the river and the floodplain
Table 15-9: Gunbower-–Koondrook—Perricoota Forests flow indicators

Site specific flow indicators
16,000 ML/Day for a total duration of 90 days (with a minimum duration of 7 consecutive
days) between June & November for 70% of years
20,000 ML/Day for a total duration of 60 days (with a minimum duration of 7 consecutive
days) between June & November for 60% of years
30,000 ML/Day for a total duration of 60 days (with a minimum duration of 7 consecutive
days) between June & May for 33% of years
40,000 ML/Day for a total duration of 60 days (with a minimum duration of 7 consecutive
days) between June & May for 25% of years
20,000 ML/Day for a total duration of 150 days (with a minimum duration of 7
consecutive days) between June & December for 30% of years
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Table 15-10: Hattah Lakes EWP objectives and EWR targets (flows gauged downstream of Euston Weir on the
Murray River)

Subsidiary EWP objectives
Environmental Watering Plan objectives
that are applicable at the site: 1-5, 7-9, 1220.

System-wide EWR targets
As previously outlined

Table 15-11: Hattah Lakes ecological targets

Site specific ecological 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 the habitat requirements of waterbirds and is
conducive to successful breeding of colonial nesting waterbirds
Provide a flow regime which supports recruitment opportunities for a range of native
aquatic species (e.g. fish, frogs, turtles, invertebrates)
Provide a flow regime which supports key ecosystem functions, particularly those related
to connectivity between the river and the floodplain
Table 15-12: Hattah Lakes flow indicators

Site specific flow indicators
40,000 ML/Day for a total duration of 60 days (with a minimum duration of 7 consecutive
days) between June & December for 40% of years
50,000 ML/Day for a total duration of 60 days (with a minimum duration of 7 consecutive
days) between June & December for 30% of years
70,000 ML/Day for a total duration of 42 days (with a minimum duration of 7 consecutive
days) between June & December for 20% of years
85,000 ML/Day for a total duration of 30 days anytime in the water year (with a minimum
duration of 7 consecutive days) for 20% of years
120,000 ML/Day for a total duration of 14 days anytime in the water year (with a
minimum duration of 7 consecutive days) for 14% of years
150,000 ML/Day for 7 consecutive days anytime in the water year for 10% of years
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Table 15-13: Riverland - Chowilla Floodplain EWP objectives and EWR targets (measured as Flow to South
Australia)

Subsidiary EWP objectives
Environmental Watering Plan objectives
that are applicable at the site: 1-5, 7-9, 1220.

System-wide EWR targets
As previously outlined

Table 15-14: Riverland - Chowilla Floodplain ecological targets

Site specific ecological 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 the habitat requirements of waterbirds and is
conducive to successful breeding of colonial nesting waterbirds
Provide a flow regime which supports recruitment opportunities for a range of native
aquatic species (e.g. fish, frogs, turtles, invertebrates)
Provide a flow regime which supports key ecosystem functions, particularly those related
to connectivity between the river and the floodplain
Table 15-15: Riverland - Chowilla Floodplain flow indicators

Site specific flow indicators
40,000 ML/Day for a total duration of 30 days (with a minimum duration of 7 consecutive
days) between June & December for 50% of years
40,000 ML/Day for a total duration of 90 days (with a minimum duration of 7 consecutive
days) between June & December for 33% of years
60,000 ML/Day for a total duration of 60 days (with a minimum duration of 7 consecutive
days) between June & December for 25% of years
80,000 ML/Day for a total duration of 30 days (with a minimum duration of 7 consecutive
days) anytime in the water year for 17% of years
100,000 ML/Day for a total duration of 21 days anytime in the water year for 13% of
years
125,000 ML/Day for a total duration of 7 days anytime in the water year for 10% of years
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Table 15-16: In-Channel Flows - Lower River Murray EWP objectives and EWR targets (measured as Flow to
South Australia)

Subsidiary EWP objectives
Environmental Watering Plan objectives
that are applicable at the site: 3 – 5, 7, 8,
12 - 20

System-wide EWR targets
As previously outlined

Table 15-17: In-Channel Flows - Lower River Murray ecological targets

Site specific ecological targets
Provide a flow regime which supports recruitment opportunities for a range of native
aquatic species (e.g. fish, frogs, turtles, invertebrates)
Provide a flow regime which supports key ecosystem functions, particularly those related
to longitudinal connectivity and transport of sediment, nutrients and carbon
Table 15-18: In-Channel Flows - Lower River Murray flow indicators

Site specific flow indicators
20,000 ML/Day for 60 consecutive days between August & December for 72% of years
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Table 15-19: Coorong, Lower Lakes and Murray Mouth EWP objectives and EWR targets

Subsidiary EWP objectives
Environmental Watering Plan objectives
that are applicable at the site: 1-5, 7-9, 1220.

System-wide EWR targets
As previously outlined

Table 15-20: Coorong, Lower Lakes and Murray Mouth ecological targets

Site specific ecological targets
Maintain a range of healthy estuarine, marine and hypersaline conditions in the Coorong,
including healthy populations of keystone species such as Ruppia tuberosa in South
Lagoon and Ruppia megacarpa in North Lagoon
Provide sufficient flows to enable export of salt and nutrients from the Basin through an
open Murray Mouth
Provide a flow regime which supports key ecosystem functions, particularly those related
to connectivity between the river and the floodplain
Table 15-21: Coorong, Lower Lakes and Murray Mouth flow indicators

Site specific flow indicators

Salinity and lake-level indicators

Barrage flow
long-term average at least 5,100 GL/y
rolling 3-year average >2,000 GL/y in 95% of
years
rolling 3-year average >1,000 GL/y in 100% of
years
maintain at least proportion of years with high
flows (5,100–10,000 GL/y) experienced under
current arrangements
same as above

South Lagoon salinity
average long-term salinity <60 g/L
maximum salinity <100 g/L in 95% of
years
maximum salinity <130 g/L in 100% of
years

Barrage flow
rolling 10-year average >3,200 GL/y

None additional to those above. Modelling will
test the assertion that delivery of above flows
will provide appropriate lake levels.

North Lagoon salinity
average annual salinity <20 g/L in a
proportion of years
maximum salinity <50 g/L
Salt export
2 million tonnes per year
Water quality target
salinity <500 mg/L at Tailem Bend
Indicative average lake water levels in
Figure B16.7
Lakes Albert and Alexandrina water levels
>0 m AHD

Note: Results for Coorong flow indicators provide a broad measure of likelihood of achieving Coorong
salinity indicators and ecological targets, and the indicators can also guide the determination of modelling
inputs (flows needed to achieve salinity indicators). However, when assessing the outcomes of model
scenarios, salinity results for the Coorong (obtained through the use of the Coorong hydrodynamic model)
should primarily be used
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Lower Darling region
Table 15-22: Lower Darling region Menindee Lakes EWP objectives and EWR targets (Water Levels at Lake
Cawndilla and Lake Menindee)

Subsidiary EWP objectives
Environmental Watering Plan objectives
that are applicable at the site: 2 – 5, 7, 8,
12 - 20

System-wide EWR targets
As previously outlined

Table 15-23: Lower Darling region Menindee Lakes ecological targets

Site specific ecological targets
Provide a flow regime which ensures the current extent of native vegetation of the
fringing and wetland communities is sustained in a healthy, dynamic and resilient
condition
Provide a flow regime which supports the habitat requirements of waterbirds and is
conducive to successful breeding of colonial nesting waterbirds
Provide a flow regime which supports recruitment opportunities for a range of native
aquatic species (e.g. fish, frogs, turtles, invertebrates).
Table 15-24: Lower Darling region Menindee Lakes flow indicators

Site specific flow indicators
Fill to 53.8m (AHD) between January & December for 80% of years and drawdown at
near natural rate -Cawndilla
Fill to 54.5m (AHD) between January & December for 50% of years and drawdown at
near natural rate - Cawndilla
Fill to 57.5m (AHD) between January & December for 15% of years and drawdown at
near natural rate – Cawndilla and Menindee
Fill to 58.5m (AHD) between January & December for 9% of years and drawdown at near
natural rate – Cawndilla and Menindee
Fill to 56.0m (AHD) between January & December for 80% of years and drawdown at
near natural rate – Menindee
Fill to 56.5m (AHD) between January & December for 50% of years and drawdown at
near natural rate - Menindee
Fill to 53.8m (AHD) between January & December for 80% of years and drawdown at
near natural rate -Cawndilla
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Table 15-25: Lower Darling System EWP objectives and EWR targets (flows gauged downstream of Weir 32 on
the Darling River)

Subsidiary EWP objectives
Environmental Watering Plan objectives
that are applicable at the site: 2 – 5, 7, 8,
12 - 20

System-wide EWR targets
As previously outlined

Table 15-26: Lower Darling System ecological targets

Site specific ecological 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 the habitat requirements of waterbirds.

Provide a flow regime which supports recruitment opportunities for a range of native
aquatic species (e.g. fish, frogs, turtles, 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 ensures the current extent of native vegetation of the
riparian, floodplain and wetland communities is sustained in a healthy, dynamic and
resilient condition.
Table 15-27: Lower Darling System flow indicators

Site specific flow indicators
20,000 ML/Day for 30 consecutive days between January & December for 14% of years.

25,000 ML/Day for 45 consecutive days between January & December for 8% of years.

45,000 ML/Day for 2 consecutive days between January & December for 8% of years.

7,000 ML/Day for 10 consecutive days between January & December for 70% of years.

17,000 ML/Day for 18 consecutive days between January & December for 20% of years.
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River Profiles
•
•
•
•

Mitta Mitta, Ovens and Upper River Murray Profiles
Edward-Wakool and mid River Murray Profiles
Lower River Murray Profile
Great Darling Anabranch and Lower Darling River Profile
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Figure 15-1: Mitta Mitta River, Ovens River East Branch, and Upper River Murray longitudinal profiles (clockwise from top left)
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Figure 15-2: Edward River and Central River Murray longitudinal profile (top to bottom)
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Figure 15-3: Lower River Murray longitudinal profile

Page 132

Summary of analysis undertaken to support the experienced river operators workshop

Figure 15-4: Darling River longitudinal Profile
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