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Executive Summary
As conditions along the River Murray System become drier and water availability declines there is
increasing scrutiny about how water is shared and used across the River Murray System including
how much is lost and how that affects entitlement holder allocations.
This report explains the main components of and factors that influence river losses in the River
Murray System, including how losses vary year to year and how 2018–19 operations and the climate
have affected losses this water year.
The Murray–Darling Basin Authority runs the River Murray System as efficiently as possible in line
with the rules agreed by New South Wales, Victoria, South Australia and the Commonwealth.
However, seasonal conditions along with entitlement holder demand, heavily impact on system
operations. This report concerns the losses that occur from Hume Dam through to the South
Australian border, along the shared River Murray System.
Some degree of water losses due to operational decisions are unavoidable.
The factors influencing losses include temperature, wind, rainfall, evaporation, evapotranspiration,
seepage, river flows, where water is held, and the location of entitlement demands. These factors
vary greatly month to month and between years. They are inter-dependant and often act in parallel
so separating out their relative contribution is difficult.
This water year, 2018–19, the main factors influencing water losses has been the hot dry conditions
combined with low inflows, high demands and the need for overbank transfers through the BarmahMillewa Forest. These factors have resulted in conveyance loss estimates for the year to date (1 June
2018 – 31 January 2019) at about 620 GL. Based on similar years, annual conveyance volumes are
likely to reach between 850 GL and 1000 GL by the end of May 2019.
This is relatively high for regulated river conditions but still inside the expected range given the
seasonal and operational conditions and is comparable to losses experienced in 2002–03 and 2015–
16. The expected losses this year have a small impact on state water resource shares. Uneven
tributary inflow has a far greater impact.
So far, 2018–19 has been a low rainfall year across the southern Basin putting it in the driest 9% of
years in the historic record. Of the rain that has fallen, most has been in the Victorian Alps
contributing to low but sustained Victorian tributary inflows. Inflows from New South Wales
tributaries are in the lowest 6% while Victorian inflows are in the lowest 14%. This results in New
South Wales receiving only 40% of the total inflow compared to 60% for Victoria.
This discrepancy in inflows between New South Wales and Victoria has an effect of over 200 GL in
the water available to New South Wales compared to a scenario of the inflows being evenly
distributed between the two states.
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1 Introduction
The Murray–Darling Basin Authority undertook to report about system losses in response to
stakeholder concerns about how operations of the River Murray System were affecting entitlement
holder allocations in 2018–19. The report seeks to address concerns, predominantly from New South
Wales general security entitlement holders, about the efficient operation of the system.

1.1 Conveyance water
Whilst losses occur along the full length of the River Murray System, from its source to the sea, when
operating the River Murray System, the Murray–Darling Basin Authority (MDBA) tracks transmission
losses from Dartmouth and Hume Dam to the South Australian border. This responsibility to track
losses and determine the volume of conveyance that is needed to run this section of the river is
outlined in the Murray–Darling Basin Agreement. The MDBA has a role to share water (including
losses) between the states as well as a role in operating the system above the South Australian
border.
Some water flowing through a river system is lost along the way to evaporation, transpiration and
seepage. So that water entitlement holders receive the water they are entitled to, net operational
losses are drawn from a separate category of water, called conveyance water. In the River Murray
conveyance water is required to be set aside before water is shared between states.
Evaporation, transpiration and seepage are the main contributors to river losses and are affected by
soil type, climate, river flow rates, river channel, and catchment topography. The variation,
temporally and spatially in these factors mean that losses in one river system are different to another
and losses in one river system can vary from month to month and year to year.
In simple terms, conveyance water is the difference between the volume of water that flows past an
upstream gauge and a downstream gauge once extractions have been accounted for. In calculating
conveyance water additional inflows are added to losses to give a ‘net loss’ figure. This calculation is
updated as the water year progresses so that there is enough conveyance water held by the states to
run the river.

1.2 The main contributors to system losses
System losses are primarily the result of seepage, evaporation and transpiration. These are natural
processes in a river system.
Seepage rates are dependent on two main factors; the difference in water level between the river
and the adjacent groundwater system, as well as the leakiness of the bed and banks of the river.
Rivers located in sandy soils tend to have higher seepage rates than rivers with clay soils. Depending
upon the hydraulic gradient between groundwater and rivers and streams, groundwater may
contribute to base flow in rivers and streams (referred to as a gaining stream) or become a sink for
surface water through seepage to groundwater (a losing stream).
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Evaporation from the river surface is related to many factors including; temperature, humidity, wind,
rainfall and sunlight. Evaporative losses vary considerably from winter to summer.
Long reaches of the Murray are lined with forest. These trees, in particular River Red Gums
(Eucalyptus camaldulensis), can draw significant volumes indirectly from the river channel through
uptake of soil moisture which is in turn recharged from the river channel. This evapotranspiration
contributes to system losses.
The rate of seepage, evaporation and transpiration are affected by:










Specific weather events and conditions. Overall net evaporative losses are strongly
influenced by rain, temperature, wind and humidity. For example sustained hot, dry and
windy conditions can dramatically increase system losses due to the higher rates of net
evaporation1. Conversely, rainfall and/or cooler weather along the river can reduce
evaporation and losses. Periods of higher losses are associated with hot and dry weather
during summer.
River flows and weir pool levels. Losses are strongly influenced by flow rates and river levels.
The higher the river level, the more water and the fuller the channel which increases the
area for seepage. Higher river levels, increases hydraulic connection with wetlands, which
increases the area for seepage and evaporation. Surcharging weir pools above the normal
operating level can increase losses.
Antecedent conditions. The relative wetness or dryness of catchments and the floodplain
environment bordering the river channel can also impact losses, particular when overbank
flows occur. For example a very dry floodplain or wetland generally incurs more seepage and
evapotranspiration losses as the dry floodplain has more capacity to soak up water. If
floodplain is already wet losses may be relatively low as water can more easily pass over
floodplains and wetlands and back into the river without soaking in.
Erosion and other geomorphic changes to the river channel. River channels, adjacent
wetlands and connected floodplain are dynamic environments that change over time. For
example, processes of erosion and deposition can scour channels and breach banks which in
turn change a river’s flow capacity and efficiency. Changes in the river geomorphology is
generally a relatively slow process, however more rapid changes can result following flood
events or periods of sustained high flow. Sustained flows through the Barmah Choke has
caused erosion and reduced flows to around 9000 – 10,000 ML/day downstream of
Yarrawonga. This can increase losses. Further work on the Barmah Choke is being
undertaken as part of the Murray–Darling Basin Authority (MDBA) Riparian and Assets
management programs.
Relative location of release and demand points. The distance the water travels can impact
on transmission losses. If more water is needed at the bottom of the system, and this
requires higher flow rates, this can cause an increase in the loss. However if higher flows can

1

Net evaporation is the evaporation minus the rainfall. When net evaporation is positive, this indicates
evaporation exceeds rainfall and there is a net loss of water. When net evaporation is negative, this indicates
rainfall exceeds evaporation and there is a net gain of water.
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be avoided, then the impact on the loss may be small or negligible if there is no change to
the wetted perimeter (which affects seepage) or surface area (which affects evaporation).
These drivers are inter-dependant and often act in parallel. Separating out the relative contribution
of the causes of losses on conveyance volumes can be difficult. However, generally the larger the
flow the larger the conveyance volume.
Despite being minimised as much as possible, gauging and measurement errors still have a
contributing effect on the overall losses that are calculated in hydrographic data.
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2 Losses and operations in 2018–19
This section discusses the specific factors in 2018–19 that have affected losses for the year to date. It
also details how 2018–19 losses compare with other years.
The term regulated flow is used to define periods when most of the water in the river has been
released from storages to meet system demands and water orders. This is the opposite of
‘unregulated’ or flood periods when river flows are dominated by natural tributary inflows, airspace
management releases or the spilling of water from storage. 2018–19 was a fully regulated year.

2.1 Conveyance for the year to date
Conveyance for the year to date (1 June 2018 – 31 January 2019) is currently estimated to be about
620 GL and based on similar years, is likely to reach between 850 and 1000 GL by the end of May
2019.
Updates from the states concerning diversion data and rating tables may alter the final volume of
conveyance. Actual demands and carryover decisions for the remainder of 2018–19 will also have an
influence. The exact level of losses and conveyance use will not be finalised until the next water year.
As shown in Figure 1, losses and conveyance for 2018–19 has been well above average, and mostly at
or above the 75 percentile from August to November 2018 and in January 2019.

Figure 1 Estimate conveyance losses for 2018–19 year to date compared with conveyance for all regulated years.

The 2018–19 water year has been characterised by new records in maximum daily temperatures
across the Basin accompanied by below average to very much below average rainfalls. These high
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temperatures and low rainfalls have been a key driving factor behind some of the relatively high
losses observed this year.
In most years, semi-regular rain along the river supresses evaporation and provides an improvement
in Lake Victoria storage. This year’s conditions have been persistently warm and dry with very few
rainfall events along the River Murray itself. Net evaporation has been higher which means higher
losses and conveyance.
As shown in Figure 1, the elevated losses during spring coincides with the timing of overbank transfer
through the Barmah-Millewa Forest. These transfers were undertaken to support Lake Victoria levels
ahead of peak summer demands. However despite overbank transfers drawing down in December,
losses have remained high in January. This demonstrates the significant influence the weather has on
losses. In January 2019, heatwave conditions along the Murray were coupled with continued low
rainfall.
A detailed discussion on the key factors affecting conveyance in 2018–19 is provided in the following
sections.

2.2 Main drivers of losses in 2018–19
2.2.1 Rain, temperature and evaporation
The 2018–19 water year to date (as of early February 2019) has delivered significantly below average
rainfall to the Murray catchment (Map 1Error! Reference source not found.).

Map 1 Rainfall deciles from 1 June 2018 to 28 February 2019 were well below average across the Murray–Darling Basin and
follow on from very dry conditions in 2017-2018.
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January was also the hottest on record for Victoria and New South Wales (Map 2Error! Reference
ource not found.). Several major heatwaves occurred during January 2019 as well as in December
2018. A special climate statement on the heatwave was issued by the Bureau of Meteorology on 12
February 2019.
The heat was particularly extreme in New South Wales, where monthly mean temperatures were
5.86 °C above average, making it the state’s hottest month on record by more than 2 °C. The state’s
increase in the area averaged maximum (6.15 °C above average) and minimum (5.56 °C above
average) temperatures set new benchmarks for the entire country. Victoria and South Australia all
ranked among the four largest recorded anomalies.

Map 2 Mean Temperature Anomaly for January highlight the area affected by the consistently high temperatures.

The lower rainfall combined with the record high temperatures meant record high net evaporation in
January 2019. Figure 2 shows the net evaporation at Lake Victoria highlighting the consistent above
average trend and new record for January.
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Figure 2 Net evaporation for Lake Victoria per month for all years since 1970. The red dots indicating the net evaporation
from June 2018 to January 2019.

2.2.2 Inflows
In 2018–19, below average rain falling on dry catchments has contributed to the low system inflows.
River Murray System inflows have tracked about 91% Annual Exceedance Probability (AEP) for the
period June to February. That is, in the historical record 91% of years have had higher system inflows
for the period June to February. The AEP is the probability that total inflows for a given period will be
exceeded in any one year.
River Murray System inflows include:







inflows to Hume Dam minus releases from Murray 1 power station and releases from
Dartmouth Dam;
inflows to Dartmouth Dam;
inflows from the Kiewa and Ovens rivers;
inflows from the remaining Victorian tributaries (Goulburn, Broken, Campaspe, Loddon)
minus any inter-valley transfer deliveries and environmental water deliveries;
inflows from Billabong Creek; and
inflows from the Murrumbidgee River minus any inter-valley transfer deliveries and
environmental water deliveries.
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Figure 3 River Murray System Inflows for 2018–19 compared with last year, the long-term average and the 10 year average.

Looking downstream of Hume, the lack of tributary inflows meant the system remained fully
regulated. Combined with the hot temperatures and overbank flows, this meant higher losses than in
a normal regulated year, however, losses are still within expected levels. The relative size of the
system inflows is shown in Figure 3.

Ovens River
A most notable influence on losses and system operations this year has been the lack of any
significant winter-spring inflow events from the Ovens, despite reasonable snowfall in the Victorian
and New South Wales ranges Figure 4.
Typically, winter-spring rainfall events in the Victorian ranges provide periods of reasonable flows in
the Ovens River at magnitudes that result in the inundation of some of the Barmah-Millewa forest.
Whilst these flows can cause higher losses, they also aid the system by:




increasing the volume of water in Lake Victoria decreasing the need to transfer water from
Hume Dam;
pre-wetting the Barmah-Millewa Forest; and
improving the ecology of the forests.

From June 2018 to January 2019, total inflow from the Ovens River totalled 552 GL (83% AEP). This is
well below the normal contributions. This also means the floodplains downstream of Yarrawonga
remained dry. When overbank transfers commenced from Hume, more water was lost to seepage
and evaporation than in prior years when the forest was wetter.
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Figure 4 Daily inflows from the Ovens River, measured at Wangaratta. Note the absence of significant inflows this water
year (black line). These flows would traditionally 'wet up' the Barmah-Millewa forest and then be reregulated in Lake
Victoria, contributing to overall system resource availability.

Other tributaries
Consistent with the Ovens, inflow from other tributaries remained low with no events causing
overbank flow in the Murray. Two environmental flow pulses from the Goulburn over winter and
spring did combine with Hume releases to elevate flows through the mid-Murray, however these
were still within regulated flow conditions.

Darling River and Menindee Lakes
As Menindee Lakes have been below 480 GL throughout this water year, MDBA has no ability to call
on water from the storages. Therefore no significant inflow from the Darling has occurred in 2018–19.
In years such as 2018–19 when the Darling does not make a significant contribution to the River
Murray System, the issue of channel capacity and constraints on flow rates becomes particularly
significant. Constraints on flow rates apply in the River Murray at the Barmah Choke as well as in the
Goulburn and Murrumbidgee rivers.

2.2.3 River flows, system transfers and demands
One key factor that can influence releases from Hume Dam is Lake Victoria. It is a key component of
the River Murray System, as it can store and reregulate flows from any of the upstream tributaries.
Because it is located downstream of the major channel capacity constraints, supply from Lake
Victoria is key to avoiding restrictions on diversions in the peak demand periods.

Murray–Darling Basin Authority

Losses in the River Murray System 2018–19

9

Ensuring Lake Victoria fills to a relatively high level during spring is important in bulk system
operations as it becomes increasingly difficult to move sufficient water to the lower system during
late spring and early summer as irrigation demands between Lake Victoria and the major headworks
storages approach channel capacity.
The lack of any large volume of tributary inflows in 2018–19 meant that Lake Victoria did not rise as
it typically does (Figure 5). Instead, the level declined as higher than normal early season demands
reduced the volume of water reaching the lake. The Lake Victoria storage volume for 2018–19 to
date is plotted in Figure 5 against previous years’ storage rates.

Figure 5 Lake Victoria storage levels since 2012. Note the delay in filling this year (black line) due to the absence of
significant tributary inflows.

Given the ongoing dry conditions and the need to improve the Lake Victoria storage volume before
peak summer demands, bulk transfers from Hume Dam to Lake Victoria at rates above channel
capacity commenced from September 2018. These transfers were undertaken with agreement from
the states and gradually increased to a maximum flow downstream of Yarrawonga of close to
15,000 ML/day by October 2018.
Tributary inflows during the historically high inflow months of August, September, October and
November 2018 remained well below normal. This resulted in overbank transfers from Hume Dam to
Lake Victoria, through Barmah-Millewa forest, persisting into December (Figure 6).
In September, once a temporary agreement between Murray Irrigation Limited (MIL) and WaterNSW
was reached, water was also transferred around the Barmah Choke through MIL infrastructure
(Finley, Wakool, Edward and Perricoota Escapes) and via the Colligen and Niemur Rivers.
Transferring water using MIL infrastructure and through the forests increased losses. However the
degree of increase was minimised as much as possible by utilising select forest regulators to pass
water along a number of flood runners that had been wet earlier in the season.
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Barmah-Millewa Forest regulator configuration for overbank
transfers
The chosen regulator configuration in the Barmah and Millewa forests for 2018–19 transfers aimed
to bias flows to the Victorian side (Barmah Forest). This is the more efficient manner to move water
around the Choke and was consistent with operations undertaken in 2002–03.
The selection of specific regulator openings was undertaken by the MDBA in collaboration with
Victorian and New South Wales forest managers. The selection aimed to minimise losses by running
water through selected well-defined forest channels limiting the extent to which water extended
across the forest and utilising pre-wetted channels from a previous small, in-channel environmental
watering action.
Moving water around the Choke, via the Barmah Millewa Forest and utilising irrigation escapes was
critical to set the system up for all water users in summer. Transfers through the forest were timed
to move the bulk of this water before temperatures increased in summer when similar actions would
mean even higher losses.
The timing of transfers is a balancing act. Ideally transfers are made after the forest has been wetted
from a natural flow event. However, there are years like 2018–19, when there is no natural event to
pre-wet the forest or provide additional inflow to Lake Victoria, so transfers are needed. Without
sufficient water in Lake Victoria there would be a very high risk that water demands during summer
and autumn could not be met.
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Figure 6 Flows downstream of Yarrawonga Weir during the period June 2018 to January 2019. With no natural tributary inflow events, transfers were required through and around the
Barmah-Millewa forest during spring and early summer.

Murray–Darling Basin Authority

Losses in the River Murray System 2018–19

12

2.3 Environmental use during spring 2018
The losses involved in setting the system up and running it are managed at the bulk level and
socialised between Victoria and New South Wales. This way losses are not taken out of individual
retail water accounts of consumptive or environmental water holders except where the losses are
the result of deliberate environmental overbank flows.
Under the Basin Plan the MDBA ensures that where an environmental water holder (state or
Commonwealth) places a specific order for water that increases losses above what they would
otherwise be, the additional loss is attributed to the environmental water holders’ account in
addition to any volume that is diverted from the system to benefit the environment.
When the Basin Plan was developed, the baseline calculations took account of conveyance water.
The operations the MDBA undertook during the second half of 2018 were not unusual for the River
Murray System. A similar operation took place in 2002 well before the Basin Plan was in existence.
The losses from these operational transfers through the forest are not attributed to environmental
water holder accounts. These are part of normal operations. Attributing these losses to the
environment would mean a greater volume of consumptive water recovery would be needed to
meet the Basin Plan objectives.
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3 Losses & transfers in similar years
3.1 Losses in similar years
It is relevant to compare this year’s losses against years when river flows and operational strategies
were similar. Figure 7 shows the cumulative monthly losses for this year, and for those years where
overbank transfers via the Barmah-Millewa Forest were undertaken (2017–18, 2015–16, and 2002–
03).

Figure 7 Estimated losses for 2018–19 year to January as well as River Murray System conveyance for recent years that
were fully regulated and overbank transfers to Lake Victoria took place.

Losses for 2018–19 are tracking higher than average. There are noticeable increases in the losses
during spring and summer compared with other regulated water months and similar operational
years. The higher losses are due in part to the time of year, the timing, magnitude and duration of
overbank transfers as well as the antecedent conditions in the forest.
Other key differences between this year and the years 2002–03, 2015–16 and 2017–18 are the
magnitude of delivery of Inter Valley Trade (IVT) water, access to the Menindee Lakes Storage, the
size and location of demands and the climate.

3.2 Transfers in similar years
The operational activities and the approach to managing transfers in 2018–19 is not abnormal.
Transfers at rates above channel capacity downstream of Yarrawonga, which result in inundation
through Barmah-Millewa forest were required, to varying extents, in 2002–03, 2015–16, and 2017–
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18 (see Figure 8). Except for the 2002–03 some environmental water use has formed part of the flow
volume, including during 2018–19. Because of the absence in 2018–19 of any high inflow from the
Ovens to help ‘wet-up’ the Barmah-Millewa forests, this season’s transfers through the forest would
be expected to incur relatively high losses.

Figure 8 Transfers through Barmah-Millewa forest occurred in 2002–03, 2015–16, 2017–18 & 2018–19. Note the lack of any
natural inflow event to 'wet-up' the forest in 2018–19 or in 2002–03.

Key differences with respect to transfer around the Choke are summarised in Table 1 below.
Table 1 Summary of overbank transfers

Water
Year

Approx.
commencement
of overbank
transfers

Days
Yarrawonga
release above
channel
capacity

Days
Yarrawonga
release above
15,000 ML/day

Days the Ovens
River at
Wangaratta above
10,000 ML/day

Approximate
date Yarrawonga
release back
within channel

2002–03

Mid-August

123

34

0

Mid-December

2015–16

Early September

116

13

0

End October

2017–18

Early October

131

55

20

Early January

2018–19

Start September

141

8

2

Early January

As shown in the table above, the magnitude and length of the transfers during spring was greater
than in other years. While the flows were overbank for longer downstream of Yarrawonga during
2018-19, they only exceeded 15,000 ML/day for a relatively short period due to high tributary
inflows.

Murray–Darling Basin Authority

Losses in the River Murray System 2018–19

15

The root zone soil moisture for the Barmah Forest Area is shown in Figure 9. Although this
information is not available for 2002–03, it clearly shows the forest being very dry in 2018–19. With a
significant soil moisture deficit this year, losses would be higher as the soil profile required wetting
by early over bank flows.

Figure 9 Root zone soil moisture in July for four different years, provided by the BOM’s Australian Landscape Water
Balance, with the circle indicating the approximate location of the Barmah-Millewa Forest.

3.3 Climate in similar years
Whilst record temperatures were recorded in January across the Murray Valley (Figure 11), the net
evaporation at Lake Victoria was similar to 2015–16 and slightly less than 2002–03 (Figure 10). Lake
Victoria was originally selected as a River Murray System storage due to the quality and consistency
of the evaporation and rainfall data. However, most losses occur upstream of Lake Victoria so the
analysis is extended to upstream sites when considering trends in evapotranspiration.
A key difference for 2018–19 was the record high temperatures in January. Whilst a strong
correlation exists between losses and summer temperatures, the extent of the impact of these high
temperatures is difficult to determine given the temperature influence on evaporation,
evapotranspiration and irrigation demand.
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Figure 10 Net evaporation at Lake Victoria for similair dry years with sustained overbank transfers.

Figure 11 Mean maximum monthly temperature at Mildura for similair dry years with sustained overbank transfers.
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3.4 Flow in similar years
As shown in Figure 12, Euston flow for June to January was higher in 2018–19 than 2002–03, and
given overbank transfers were most similar in these years, it provides some explanation for the
higher losses. The majority of the difference in the flow at Euston between these two years is the
contribution from the tributaries, especially the Goulburn System.
The lower losses in 2015–16 and 2017–18 are explained by the wetness of the catchments. 2017–18
was a post-flood year and 2015–16 received more tributary inflows and rain in the mid and upper
catchment.

Figure 12 Losses versus flow at Euston for June to January for similair dry years with sustained overbank transfers (blue
dots) as well as the peak drought years of 2006–07, 2007–08 and 2008–09 (grey dots).
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Figure 13 Contribution of the tributaries to the Euston flow for June to January for 2002–03 and 2018–19.
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4 Efficient operations in the
context of 2018–19
In reviewing the efficiency of operations in 2018–19 it is necessary to consider the two critical drivers
of an efficient regulated water supply system:



Ensuring water is in the river at the right time and place to meet state water orders;
Maximising water availability through minimising the risk of spill and minimising the losses.

In the 2018–19 year the ability to minimise losses was restricted by the warm, dry conditions, low
tributary inflows and high demands. As Lake Victoria’s storage did not start to rise as it typically
would, overbank transfers from Hume Dam became a necessity to appropriately manage the risk of a
delivery shortfall in the months ahead.
Undertaking these transfers resulted in in losses which are higher than similar past years. This
difference was driven by the combined effect of the consistently high temperatures, below average
to very much below average rainfall, and low tributary inflows.
If transfers of the magnitude undertaken had not been made the risk of a delivery shortfall in
summer would have escalated. Ensuring Lake Victoria has enough water in it ahead of the peak
summer demand period is critical to ensuring all demands can be met. Without these transfers, the
main objective of operations – which is to deliver state water orders, may not have been met.
The ability for river operators to employ alternative arrangements is limited when delivering against
the overarching operating objectives. For example, if transfers at rates above channel capacity were
to be avoided this year, they would have had to commence as early as May 2018. While this option
may have reduced the losses, it would have increased the risk of a spill. For 2018–19, the risk of spill
at Lake Victoria during June and July was assessed to be about 90%. Commencing transfers earlier
would have increased this risk. Based on this relatively high risk of spill, the judgement at the time
was to delay commencing transfers
Figure 14 shows that the losses measured against volume delivered is tracking slightly higher to other
recent regulated years. Losses are represented as a percentage of deliveries, where deliveries are
calculated as the total diversions in New South Wales and Victoria plus the flow to South Australia.
Losses and diversions for 2018–19 are yet to be finalised and so are presented as an estimated range
(blue dots).
Figure 15 shows the influence of flows on losses is consistent with past regulated and very dry years
of 2002–03, 2006–07, 2008–09, 2009–10 and 2014–15. Dividing losses by evaporation removes the
climatic influence on the losses, allowing the opportunity to see the effect of flow.
The scaling in Figure 15 is used as a simple method to take out the climatic influence on conveyance
and highlight its relationship to flow. The relationship, although not strong, shows conveyance
broadly increasing with flow for lower flow years, then increasing significantly during flood years.
2018–19 conveyance is comparable with other high loss per flow years (shown in orange) where the
impact of dry antecendant conditions is significant.
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Figure 14 Conveyance as a percentage of total deliveries per regulated water year. For 2018–19, estimates on the annual
conveyance and deliveries have been forecast based on current conveyance and deliveries trends.
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Figure 15 Conveyance scaled by net evaporation at Lake Victoria plotted against Euston flow for the period June to
Janurary, since 2000.

ONCE THE FACTORS AFFECTING LOSSES ARE ACCOUNTED FOR INCLUDING
TEMPERATURE, EVAPORATION, FLOWS, AND DEMANDS THEN 2018–19 FORECASTS
ARE CONSISTENT WITH PREVIOUS OPERATIONS
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5 Impact of losses on state
allocations
Operational water losses are one of the factors that affect a state’s available water resource and in
turn can affect how that state allocates its water to its entitlement holders. Allocations are also
influenced by the volume and distribution of inflows, water in storage and the state’s priority
commitments. Each of these is discussed briefly below.

5.1 Losses and available water resource
There is no direct correlation between losses and allocations. During flood months, although losses
can be very high, the storages are full. This means the impact of losses on the resource is negligible.
In post flood months, losses can be negative (indicating a gain to the resource as water returns from
floodplains and local groundwater tables). In these periods it provides a resource benefit. In fully
regulated years, although losses are substantially less than other years, the impact on the resource
can be important and, if not properly budgeted for, can negatively impact allocations.
In estimating the water likely to be available to States over the full year, an estimate of the likely
losses is required. Early in the season the estimate of loss was 800 GL. As the season progressed it
become apparent that losses were likely to be higher due to ongoing high temperatures and
significant volumes being delivered along the system. After assessing early season trends in loss the
estimate was increased to 975 GL. This change was made recognising that if too low an estimate was
adopted then there was the potential to overestimate water available to the states which may then
lead to allocating water that was not able to be delivered. The higher budget for losses is consistent
with the loss provision generally used prior to the Millennium drought.
The conveyance budget specifies the volume of water that needs to be set aside (not available for
the states) to cover the anticipated net losses for that water year. It is specified in a monthly pattern.
As each month is completed, where the actual conveyance is less than the budget, additional water
becomes available to the states. However, if the actual conveyance is more than the budget, it will
negatively impact water resource improvements. This impact is nearly always offset by inflow
improvements compared with those budgeted for in ‘worst case’ assumptions. However,
occasionally during some very dry months, when losses are also very high, assessed water resource
may actually reduce. This has occurred this water year.
Having an appropriate, realistic conveyance budget is a protection against the risk of overestimating
the total resource anticipated to be available for the full year and, with that, the potential to
announce allocations that cannot be delivered.

5.2 System inflows & available water resource
Although losses have an impact on water availability during non-flood years, the magnitude is small
when compared with system inflows. Furthermore conveyance is relatively stable when compared
with the variability in inflows.

Murray–Darling Basin Authority

Losses in the River Murray System 2018–19

23

Reporting on all water years since 1970, there are only 10 years during which the system was
considered to remain fully regulated across all 12 months. During these 10 years, annual losses
varied from 500 GL to over 900 GL/year, whilst annual system inflows varied between 895 GL to
4811 GL. System inflows are therefore by far the more important factor when discussing state water
availability.
To date (June to January), inflows into the River Murray System have tracked at around 91% Annual
Exceedance Probability (AEP). This is dry.
Under the water sharing arrangements in the Murray–Darling Basin Agreement, all inflows to the
system upstream of Albury are shared 50:50 between New South Wales and Victoria. Downstream of
Albury, the inflows are credited to the state they originate from. Victoria therefore receives all the
inflows from Ovens, Goulburn (minus environmental water deliveries), Broken, Campaspe and
Loddon river system. New South Wales receives inflows from the Billabong, Murrumbidgee and
lower Darling (when not part of the shared resource).
So far in 2018-19 the inflows from New South Wales tributaries have been very low. To the end of
January New South Wales tributary inflows have been 248 GL compared to Victorian tributaries
delivering almost 750 GL. When combined with inflows entering the system upstream of Albury that
are shared equally between the two states this results in 40% of system inflows belonging to NSW.
The balance belongs to Victoria. This meant that while inflows to the whole system have tracked
around a 91% Annual Exceedance Probability, the share belonging to New South Wales was much
less.
Looking more closely, the main cause for the difference in shares between the two states are the
inflows generated from each state’s tributaries. Inflows from the New South Wales tributaries have
tracked closer to 94% AEP, whilst Victorian tributary inflows were around 86% AEP (see Figure 16).
The reasons for the disparity in the distribution of the inflows is climate. Whilst 2018–19 was a low
rainfall year in the southern Basin, of the rain that did fall, most of it fell on the Victoria Alps
contributing to low but sustained Victorian tributary inflows. By contrast, rain on the NSW side has
been extremely low. This has resulted in extremely low inflows from the Murrumbidgee River and
Billabong Creek tributaries.
If New South Wales tributary inflows were also tracking closer to a 91% AEP, its expected share of
the resource would be significantly more, as the difference between New South Wales tributary
inflows of 94% AEP with 91% AEP is approximately 200 GL. However, this would not necessarily
translate to a 1:1 increase in allocations, as each state has commitments to South Australia as well as
different internal commitments and water supply priorities.
Although well below average, the relatively higher inflows from Victoria have meant Victorian water
resource has improved more rapidly than New South Wales’s as the year has progressed.
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Figure 16 2018–19 cumulative system inflows and state tributary inflow contributions for NSW and Victoria. Very low NSW
tributary inflows have been a major factor behind the very slow improvements to NSW water availability in recent months.

The difference in inflows between Victoria and New South Wales is the main factor influencing the
variation in relative resource improvement between states during 2018–19.
Resource improvements and state allocations are not simply correlated with improvements to each
state’s inflow improvements. There are a range of other factors involved and assumptions required
in determining worst case water availability. These include likely contributions to resource from
Snowy Hydro releases, patterns of diversion and state water sharing rules under the Murray–Darling
Basin Agreement, including ‘Special Accounting’ rules that come into effect during drier periods. This
means it is not possible to determine the likelihood of resource improvements and associated
allocations made by states by solely considering the likelihood of certain inflows occurring.
The assumptions used are agreed by states to balance the need to conservatively protect against
announcing allocations which are subsequently not able to be delivered with the need to not delay
allocating improvements in water resource that occur in the vast majority of years.
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6 River Murray System conveyance
6.1 Definition of River Murray System
conveyance
River Murray System conveyance is the losses added together with additional inflows that occur in
the main stem of the River Murray from Hume Dam to the South Australian border. The main stem of
the River Murray includes the main river channel and the Edward River, given its important role in
transferring water around the Barmah Choke. The adjoining floodplains and wetlands along the main
stem of the River Murray, when inundated by higher operational flows, are also included in the
calculation of the River Murray conveyance.
Losses incurred in the river system upstream of Hume and Dartmouth dams are accounted for in the
resulting inflows to Dartmouth and Hume Dams.
At the other end of the system, downstream of the South Australian border, the management of the
river and tracking of the system losses is undertaken by the South Australian Government. South
Australia is supplied a specific entitlement to cover the conveyance needs, which is set out in the
Murray–Darling Basin Agreement and which equates to 696 GL per year. This dilution and loss
entitlement forms part of the full South Australian Entitlement of up to 1850 GL per year as set out in
the Murray–Darling Basin Agreement.
When environmental water holders water the floodplain the increased losses are debited against the
environmental water holder’s account and therefore not considered as part of the River Murray
System conveyance. When overbank flows occur for operational reasons this is counted against the
conveyance account.
Evaporation and seepage from headworks storages (Hume, Dartmouth, Lake Victoria and Menindee
Lakes) are not considered in determining the volume of conveyance needed. They are calculated,
recorded and accounted for separately.
Incident rainfall along the river as well as inflows from un-gauged catchments are included in the
calculation of the River Murray System conveyance. This means conveyance represents the net loss
along the river. When there is less rain along the river, the conveyance increases. When there is
more rain along the river, the conveyance decreases.

6.2 Tracking River Murray System conveyance
Modelling used to estimate the volume of conveyance water needed each year. In the Murray, the
main river model is the Monthly Simulation Model (MSM). The MSM is used to calculate how much
of the water in the system belongs to New South Wales, Victoria and South Australia. To do this, the
model estimates how much conveyance should be set aside.
Due to the large variability in conveyance needs month to month and year to year, estimates are
updated throughout the water year to reflect observed conditions as the year progresses. The MSM
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conveyance estimate is compared with observed system inflows, diversions and storage releases. The
difference between the two is known as the model error.
The three month rolling average model error is added to the modelled conveyance to allow for a
whole water balance approach. The water balance approach assumes that conveyance is the
difference between what flows in at the top of the system or river reach, what flows out the bottom
end, minus all the know extractions in between.
Calculating conveyance on a daily basis is problematic due to the travel times in the River Murray
System. It can take up to five weeks to move water from Hume to the South Australian border in
regulated flow conditions. When in unregulated flow conditions (i.e. floods), these travel times can
reduce substantially. Because of this variability calculation and tracking of conveyance is undertaken
on a monthly and annual basis.
The conveyance data used in this report is taken from the MSM model as described above.
The water balance is based on the best available data at the time the monthly accounts are run. If a
state has not provided updated diversion data then the accounts utilise estimates of use. This means
monthly accounts are adjusted as more accurate information is incorporated. More certainty on the
conveyance is achieved at the end of the water year after states have confirmed all diversion data.

6.3 Sharing conveyance between states
The conveyance volume from Hume Dam to the South Australian border is shared equally between
New South Wales and Victoria during regulated flow periods. The conveyance from the South
Australian border is covered by South Australia through its Dilution and Loss Entitlement.
When in unregulated flow periods, the losses resulting from higher flows are shared in proportion to
the source of those flows. For example, if there is a flood from the Ovens River that causes high flows
in the Murray, Victoria is debited for half the in-channel component and all over bank losses.
These conveyance sharing rules are set out in the Murray–Darling Basin Agreement, versions of
which have been in place since the earlier 1900s.
The conveyance sharing arrangements mean that in some years, when there is a high discrepancy
between Victorian and New South Wales water availability (such as 2018–19), the states cover half
the conveyance losses despite one state receiving a larger proportion of the water being delivered.
Under the Murray–Darling Basin Agreement both states have a responsibility to supply water to
South Australia.
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6.4 Accounting for environmental water use
when it affects conveyance
Environmental water holders are debited for losses when use of environmental water contributes to
increased losses. This includes both in-channel and deliberate overbank environmental watering
actions along the Murray and some environmental water actions from the tributaries. This increase
in the loss is not included in the conveyance allowance but is debited directly to environmental water
holder retail accounts.
Accounting methods for the use of environmental water in the River Murray System including the
recovery of losses are agreed jointly by Basin state and federal governments.
Where overbank flows are necessary for system operations the losses are counted against state
conveyance volumes.
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7 Nature of River Murray System
conveyance
This section discusses the main drivers that can increase or decrease the River Murray System
conveyance. The extent of variation in the monthly and yearly River Murray System conveyance is
also discussed.

7.1 Summary of key drivers of conveyance
Key components of conveyance in the River Murray System are net evaporation, seepage and
transpiration. These components vary greatly between months and years, leading to the highly
variable nature of the River Murray System conveyance shown in Error! Reference source not found.
nd Figure 17 below.

Figure 17 River Murray System conveyance presented for all months since 1970, showing maximum, minimum and the 25%,
50%, & 75% percentiles.

The River Murray System conveyance data plotted in Figure 17 shows the River Murray System
accounts minus the volume of used held environmental water. The maximum, minimum, 25, 50 and
75% percentiles are provided to indicate the spread of conveyance for each month. The larger spread
of conveyance in spring is consistent with the higher occurrence of floods and high tributary inflows.
In some years, floods can cause extensive overbank flows and much higher conveyance losses. In
other years, consistent rainfall along the river without overbank flows, or substantial groundwater
ingress from wet catchments can result in a net gain of water (conveyance is less than zero).
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Conveyance does not include evaporative losses from storages and losses accounted as
environmental water delivery.
Conveyance for 2018–19 comprises a current estimate of losses to January 2019 plus a forecast of
losses for February to May 2019 based on observations from similar years.

Murray–Darling Basin Authority

Losses in the River Murray System 2018–19

30

Figure 18 Annual River Murray System conveyance from 1970–71 to 2018–19, noting the MDBA water year is from 1 June to 31 May. The black column for this water year (2018–19)
represents the conveyance for the 2018–19 water year to date (1 June 2018 to 28 February 2019) plus assumed loss in March, April and May which are based of the 2015–16 water year.
.
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As shown in Figure 18, variability of system losses year to year is large. Since 1970, annual losses
have ranged from less than zero in 1976 when inflows exceeded losses, to almost 12,000 GL in 1975
which was a major flood year with extensive floodplain inundation.
The hydrological characteristics of each year affect losses and conveyance. There are four main
types:
1. wetter years with high flows and large scale flooding (high loss years);
2. ‘transitional’ years after flood years when losses are affected by wet antecedent conditions
(low loss years);
3. regulated (or mostly regulated) years (moderate loss years); and
4. very dry years with low water availability and demands (moderate loss years)
It is usual for river operations to move between regulated and unregulated operations depending on
the volume and rate of inflows. Since 1970 there have been 10 years where river operations have
remained wholly regulated.
The impact on conveyance water in wetter years (1) and transitional years (2) is offset by storages
being full and high water availability. These years are driven mostly by hydrological and climatic
factors outside the control of river operations, like flood events.
The regulated (3) and very dry years (4) is when conveyance volumes are of more concern to
entitlement holders. During these years, operational actions can have a material impact on losses,
conveyance volumes and water availability.
During regulated years losses are a lot less variable. In very dry or severe drought years, overall river
flows are reduced due to low water availability, low allocations, and low deliveries. These lower
regulated river flow conditions generally translate to lower losses. However losses during the most
severe years of the Millennium drought were relatively high. This was because evaporative losses
were driven up by a combination of low rainfall, increased sunshine and high temperatures.
In the River Murray system losses are highly variable due to a complex interaction between climate
and hydrological factors as well as changes in river flows and channel geomorphology.

7.2 Conveyance variability
Regulated and unregulated flows
During regulated flow conditions, releases are typically confined to channel capacity. There are two
main reasons for flows to exceed channel capacity: the deliberate watering action of floodplains
undertaken by environmental water holders or the need to transfer water around the Barmah Choke
using the forest channels of the Barmah-Millewa Forest. Flow downstream of Yarrawonga less than
10,000 ML/day result in flow staying within channel capacity. Flows can increase up to
15,000 ML/day under regulated conditions if environmental watering or overbank transfers are
undertaken.
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Identifying unregulated months from a flow rate perspective is not straightforward. Many declared
unregulated flow periods result from inflow or capacity constraints at Lake Victoria, and have not
necessarily included high river flows at the same time. While this has occurred regularly in the past it
was not a factor in 2018–19.

7.2.1 River flows and weir pool levels
In general, the higher the flow, the higher the losses. However as shown in Figure 18 below, at flows
less than 500 GL per month (i.e. non-flood periods), this relationship is not linear although there is
substantially less variation in months of regulated flow.

Figure 19 River Murray System losses per month since 1970 plotted against the monthly flow at Euston.

Another way to interrogate the relationship between flows and losses is to compare the Annual
Exceedance Probability (AEP) of inflow to the annual losses.
Figure 20, shows annual conveyance losses in the high inflow years (0 – 40% AEP) can be more than
10 times greater than the conveyance in drier years (80 – 100 % AEP).
A 90% AEP means there are 90 years out of 100 when system inflows were higher and 10 years out of
100 where inflows were less. Overall system inflows for the 2018–19 year to date (as at February
2019) are tracking close to 91% AEP.
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Figure 20 Inflow Annual Exceedance Probability vs annual losses. Data since 1970.

Floods
During wet months and years, when there is plenty of water in the river and on the floodplains,
losses can be large. The high conveyance is driven by natural unregulated flow events, flooding and
spills from storage.
Error! Reference source not found. shows the range of annual losses for all years compared with
on-flood years. This shows those years where river flows are regulated have a much smaller range of
losses.
Figure 22 looks only at September because it is within the period most likely to incur a flood. The
difference between all years and non-flood, or regulated years, again shows a far smaller loss range
for those years the river is operated under regulated conditions.
2018–19 was a regulated year with no natural floods, dam spills or airspace management needed.
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Figure 21 River Murray conveyance for all years, showing maximum & minimum and 25%, 50%, & 75% percentiles since
1970. Note that since 1970 there have only been 10 fully regulated years.

Figure 22 Comparison of conveyance losses for all Sepetmbers versus those without floods.

Whilst losses during flood years can be large, they are usually preceded by substantial rainfall and
decreased evaporation. They are also followed by an increase in water resource availability and often
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spill from full storages. Therefore during times of floods and spills from storages, despite the high
conveyance, there is little impact on overall system water resource availability.
Flood years also provide important ecological benefit to wetlands and floodplains. This pattern of
inundation is also a long standing feature of the River Murray System.

Low flows
There are two different causes for low flows along the River Murray System that impact losses in
opposite ways.
When rain falls over irrigation regions it can lessen demand and reduce headwater storage release
requirements and river flows. The lower river flows combine with lower net evaporation and
evapotranspiration to reduce river losses.
The second is drought. Low water availability during extended drought restricts demand and
increases the need to conserve water resources as much as possible. Emergency actions, such as
temporary reductions in minimum flow targets, are taken to extend water supplies.
At the peak of the Millennium Drought (2007–08), normal flow targets were temporarily reduced to
low levels in an effort to increase water conservation and stretch out supply until drought conditions
eased. Whilst river flows were low, losses did not drop as low as the flow rate would suggest. In
2007–08 losses remained at moderately high levels compared with other fully regulated years like
2002–03. Hot and dry climatic conditions drove higher net evaporative losses while receding
groundwater levels drove higher seepage rates.
The annual conveyance for regulated flow years is plotted in Error! Reference source not found.23
gainst the total flow to South Australia, noting that a flow of 1600 GL or less is a clear signal of
significant drought conditions.
As system inflows improve and drought conditions subside, the early periods of flow improvement
often coincide with higher system losses. This is the result of re-connecting and re-filling dry
floodplains and wetlands and replenishing groundwater tables through rewetting of the channel
banks.
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Figure 23 Annual conveyance versus annual flow to South Australia. Conveyance losses during very low flow regulated years
tend to remain relatively high due to higher evaporation associated with the hot dry climate.

7.2.2 Climate (rainfall, evaporation, wind)
Climate is one of the fundamental drivers of the magnitude and variability of a river system’s losses.
However its interaction with conveyance is also complex. For example, a period of wet weather may
reduce conveyance by lowering evaporation and adding additional rainfall onto the river. But heavy
rain across the catchments during wet periods may also lead to flood flows that move over
floodplains where losses are substantially increased.
On the dry side, hot temperatures and wind can increase evaporation and losses. This can be further
compounded by high river flows at these times to meet entitlement holder demands.
Periods of high losses outside of flood and high flow periods are typically driven by hot temperatures,
stronger winds and low humidity that all increase evaporation rates.
Error! Reference source not found.24 compares temperatures at Mildura with losses for months of
egulated flow. A correlation is observed between losses and temperatures above 25 C. The
relationship below 25 C shows little correlation and greater variability as these temperatures are
often associated with flood events and/or cooler months and low entitlement holder demands.
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Figure 24 River Murray System conveyance for regulated flow months plotted againts the mean maximum monthly
temperature at Mildura.

7.2.3 Relative location of release and demand points
Changing water use patterns, both temporally and spatially in the River Murray System are not new.
In recent years, some of these changes have been accelerated by the growth in water trade across
the southern connected Basin.
In Victoria, this trend is most evident in the past seven years where there has been a decline in the
consumptive water diverted between Torrumbarry and Nyah and an increase in the consumptive
water diverted between Nyah and the South Australian border. Figure 25 plots the annual
consumptive diversions for four major Victorian reaches along with the total volume used by the
state. A slight trend towards increasing water in the Nyah, South Australian border reach, is evident.
The trends in the New South Wales consumptive diversions (Error! Reference source not found.) are
ess clear.
Whilst a trend in the spatial shift in consumptive water demands on the Victorian side of the river is
evident, it is not yet known if this is a temporary or more enduring shift. Furthermore, the potential
impact of these trends on overall losses is complex and difficult to quantify.
In addition to these changes to patterns of irrigation demand, the steady rise in the delivery of
environmental water is also affecting overall demand patterns and river flows. To date, the specific
delivery of water to floodplains is known to result in an elevation of system losses, this incremental
increase is debited to environmental entitlement holders and not accounted for as part of overall
system loss.
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Figure 25 Annual Victorian proportional irrigation use in four major reaches and total volumetric use since 2011.

Figure 26 Annual NSW proportional irrigation use in five major reaches and total volumetric use since 2011.
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8 Losses in the context of
operational efficiency
8.1 Operating objectives
The MDBA operates the River Murray System on behalf of a Joint Venture comprising the states of
New South Wales, Victoria and South Australia, and the Australian Government (Basin governments).
This is set out in the Murray–Darling Basin Agreement (Agreement), Schedule 1 of the
Commonwealth Water Act 2007. The key objectives for the MDBA in its river operations role is set
out in the Objectives and outcomes for river operations document (O&O document), an instrument
under the Agreement. The O&O document has been agreed by the three states and the Australian
Government through the Basin Officials Committee.
The main objectives of the O&O document are (ref 4(2) in O&O document):



to operate the River Murray System efficiently and effectively in order to deliver State water
entitlements; and
to maximise the water available to the Southern Basin States, after providing for operating
commitments in the River Murray System.

The expected outcomes from these objectives, also specified in the O&O document, include:



the conservation of water and minimisation of losses; and
The delivery of authorised water orders (included water traded under Schedule D of the
Agreement) to the southern Basin states except where physical constraints of the River
Murray system prevent this from occurring.

The MDBA’s performance against these objectives is audited each year. The audit is undertaken by
an independent group of experts, the Independent River Operations Review Group. It reports its
findings to the states through the Basin Officials Committee. On all occasions the independent audit
has found the MDBA has discharged its responsibilities in line with the O&O document including in
delivering on the above objective.

8.2 Delivering water efficiently
The need to operate the system efficiently is undertaken while delivering state water entitlements.
The two objectives are linked but not always aligned. Therefore the MDBA delivers water ordered by
the states in the most efficient way.
The MDBA’s performance against the efficiency objective needs to be assessed over multiple years
rather than weeks or months.
To ensure efficient operations in the context of these uncertainties, the MDBA relies on longstanding operating rules and principles that balance the risk of spilling water with the risk of not
providing enough water through the system to meet demands. Operational decisions are constantly
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reviewed to ensure consistency with these long-standing principles. They are discussed and
supported by the states through the Water Liaison Working Group which meets fortnightly to discuss
River Murray operations.
These operating principles recognise the risk of spill or shortfall can change throughout the water
year depending on inflows and demands. Travel times for water exceed the reliable forecasting
period for flows, temperatures and demand. Planning scenarios look at the probability that certain
conditions will arise and operations are adjusted to minimise the risk of shortfall or spill based on the
information available.
A key physical constraint of the system is the Barmah Choke. The Barmah Choke has a flow capacity
of just over 8000 ML/day and restricts the ability to move water to meet peak demands in the height
of summer unless water is drawn from downstream tributaries or Lake Victoria. Filling Lake Victoria is
usually undertaken in spring to take advantage of natural inflows from the tributaries downstream of
Hume. When inflows are insufficient, additional water is transferred from Hume Dam. If large
transfer volumes are required, these may need to be delivered at rates above the channel capacity of
the Choke. When there is a need to make these ‘overbank’ transfer they are scheduled for spring
when losses are likely to be lower than in summer.
In line with the operating rules the MDBA seeks to utilise tributary inflows to meet demand rather
than making additional storage releases. Over the longer term this approach reduces the amount of
spill that occurs at Lake Victoria and retains as much water as possible in the upper storages for later
use, maximising water resource for all three states.
Due to the huge variability in the system’s hydrology from year to year, there will inevitably be times
where the tributary inflows remain low (such as during 2018–19) and transfers from upstream
storages become necessary as the season progresses. There will also be years when tributary inflows
are frequent and spills occur at Lake Victoria even when no transfers are made. In applying the
operating rules the MDBA aims to reduce the risk of a spill, over the long term. This entails balancing
the need to start transfers early enough to ensure sufficient water moves downstream when
conditions are dry, and delaying transfers to reduce or avoid spill if conditions become wet.
In very dry years with high demand the MDBA makes transfers at higher flow rates to ensure
sufficient water is moved down the system to meet peak summer demands for all water users. While
this can temporarily increase losses they remains lower than if transfers had occurred later in the
season.
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