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Executive Summary 
In response to community concerns that the risk of supply shortfalls downstream of the Barmah 
Choke has increased in recent years, the Murray-Darling Basin Authority (MDBA) is undertaking 
a ‘Capacity and Delivery Shortfall Project’ in partnership with the Basin states. As part of this 
project, the MDBA engaged HARC to analyse historic gauge records at selected locations in the 
southern connected Murray-Darling Basin.  

This report summarises analyses of flow and level records available for four parts of the 
southern connected Murray-Darling Basin (Figure 1): 

▪ Near the Barmah Choke 

▪ The Edward-Wakool system 

▪ Tributaries of the River Murray between the Barmah Choke and Murray-Darling junction, 
in particular the Goulburn River and Murrumbidgee River  

▪ The Kiewa River and Ovens River. 

The aims of the analyses of historic flow and level records was to investigate: 

▪ If the Barmah Choke has been ‘run’ more or less often at or near capacity over the past 
35 years, during months (January-April) when flooding of the Barmah-Millewa Forest is 
undesirable. 

▪ Whether there may be additional capacity in the Edward-Wakool system for bypassing 
the Barmah Choke. 

▪ The historic changes to tributary inflows downstream of the Choke. These changes may 
be influencing how much water needs to be delivered from the upper Murray storges – 
through or around the Choke – to meet demands. 

▪ The historic changes to tributary inflows from the Kiewa River and Ovens River to the 
River Murray. These changes may be influencing the volume and timing of bulk transfers 
of water between the upper Murray storages – through or around the Choke – to Lake 
Victoria. 

Barmah Choke (Figure 2) 
The interaction between flows downstream of Yarrawonga and river levels at the Barmah Choke 
is complex, and therefore it is difficult to make precise conclusions about the Choke’s channel 
capacity and how this has changed over time. However, previous studies (e.g. MDBA, 2009) 
and the available flow and level records suggest that: 

▪ In the mid-1990s, a step change occurred in the maximum regulated flow downstream of 
Yarrawonga, from approximately 11,000 – 11,700 ML/d to 10,500 – 10,700 ML/d. 
This was due to a decision by river operators to lower river levels in the Choke to reduce 
overbank flows in summer and the environmental damage caused by prolonged 
waterlogging of the Barmah-Millewa Forest. 

▪ The hydraulic capacity of the Choke – as indicated by the river level at Picnic Point 
corresponding with regulated flow downstream of Yarrawonga – appears to have 
declined in the mid-2010s, and trended further down in recent years. 
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Although the Choke’s channel capacity has reduced over time, for the months of January to 
April from 1985 to 2019, river levels near Barmah Choke have not been increasing. 
For example, the gauged river level at Picnic Point was often above 2.7 m in the mid-1980s and 
1990s. Since 1996, when an operational threshold of 2.6 m was introduced, the river level at 
Picnic Point has been above 2.7 m for brief times only in 2002, 2006 and 2015. The frequency 
with which flows downstream of Yarrawonga have been near or above channel capacity has not 
increased in recent years compared with other times from 1985-2019. 

Flow downstream of Yarrawonga between January and April is also influenced by year-to-year 
variations in seasonal conditions. For example, the highest flows from 1985-2019 were in 
summers with floods (2011; 2012) and the lowest were during the peak of the Millennium 
Drought (2007-2010). Recent years when flows were near or above the estimated capacity of 
the Barmah Choke for most of January-April (2006; 2015) had warm, dry summers that 
coincided with times of reasonable water availability. 

Total flow through the Edward River offtake and Gulpa Creek offtake from January to April – i.e. 
to bypass the Barmah Choke – has been relatively steady since 1997. That is, the reduced 
capacity of the Choke has not resulted in more flow being directed through the Edward River 
offtake and Gulpa Creek offtake. 

Edward-Wakool River System (Figure 13) 
With the exception of 2006, flow through the Mulwala Canal (i.e. from the River Murray to the 
Edward-Wakool system) has been significantly lower in the January-April period from 2003 
onwards compared with 2002 and prior. This change will have been partly caused by low NSW 
general security allocations during the Millennium Drought and recent dry years, and because 
the MDBA did not have access to Mulwala Canal in 2017 and 20181. 

The trend within the historic flow record for the Edward River downstream of Stevens Weir is 
less clear. However, it does appear that flows were in the 2,501 – 2,700 ML/d range more often 
in 2015, 2016 and 2019 compared with other years from the mid-1990s to mid-2010s. Keeping 
flows below 2,700 ML/d from January-April avoids undesirable flooding of the Werai State 
Forest. Regulated flows in the Edward River during 2017 and 2018 would also have been 
constrained by the lack of MDBA access to Mulwala Canal at this time. 

Nominal additional regulated flow capacity in the Edward-Wakool system was estimated as the 
minimum of the differences between the historic flow and channel capacity at the Mulwala 
Canal offtake, Edward River escape and the Edward River downstream of Stevens Weir. 
For the months January-April, nominal additional regulated flow capacity was greatest in the 
years 2007-2010 when NSW general security allocations were low, and in the years 2017-2018 
when the MDBA did not have access to Mulwala Canal. In other years from 2001-2019, there 
was often little to no additional capacity in January-February. That is, most of the additional 
nominal capacity from January-April – generally 50 GL to 140 GL – was available in 
March-April. 

 

1 An interim commercial agreement between MDBA, WaterNSW and Murray Irrigation Limited for access 
during the 2018/19 water year was reached in September 2018 
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In years with minimal or no additional capacity during the entire January-April period (e.g. 2006; 
2015), the constraint was the Edward River escape and/or the Edward River downstream of 
Stevens Weir, rather than the Mulwala Canal offtake. 

Goulburn River and Murrumbidgee River 
From 2011 onwards, flow in the Goulburn River at McCoys Bridge has generally been higher in 
the January-April period compared with earlier years. High flows in 2011 and 2012 were caused 
by flooding in the summer of 2010/11 and March 2012, but from 2013 onwards the higher flows 
in the Goulburn River at McCoys Bridge were due to inter-valley trade (IVT) and environmental 
water deliveries. This pattern is apparent on a daily time-step, monthly time-step, and when 
combined with other Victorian tributary flows to the River Murray on an annual time-step. 
Although IVT and environmental water deliveries from the Murrumbidgee River system to the 
River Murray have also increased, the difference in total flows from 2013 onwards compared 
with pre-2011 is not noticeable in the combined Balranald and Darlot gauge records. This 
indicates that most of the recent increase in total tributary inflows to the River Murray has come 
from Victoria. 

Total inflows to the River Murray system in January-April from tributaries between the Barmah 
Choke and Murray-Darling junction have typically been greater than 350 GL from 2013 
onwards. In prior years – excluding those with summer flooding – total inflows were generally 
less than 350 GL, and often less than 300 GL. However, from 2002 onwards, inflows excluding 
IVT and environmental water deliveries have generally been less than 200 GL. Before 2002, 
inflows excluding IVT and environmental water deliveries were generally greater than 200 GL, 
and sometimes greater than 300 GL. 

Kiewa River and Ovens River 
With the exception of the 2010/11 and 2016/17 water years, flow from the Kiewa River and 
Ovens River to the River Murray has been significantly less in the years 1997/98 to 2018/19 
compared with 1984/85 to 1996/97. This difference pre- and post-1997 is attributable to 
changes in rainfall during the cooler months of the year, and reductions in the proportion of 
winter/spring rainfall that has become runoff. 



Historical flows in the southern connected Murray-Darling Basin  
  
 

  
 6 

 

1. Introduction 
In response to community concerns that the risk of supply shortfalls downstream of the Barmah 
Choke has increased in recent years, the Murray-Darling Basin Authority (MDBA) is undertaking 
a ‘Capacity and Delivery Shortfall Project’ in partnership with the Basin states. As part of this 
project, the MDBA engaged HARC to analyse historic gauge records at selected locations in the 
southern connected Murray-Darling Basin.  

This report summarises analyses of flow and level records available for four parts of the 
southern connected Murray-Darling Basin: 

▪ Near the Barmah Choke 

▪ The Edward-Wakool system 

▪ Tributaries of the River Murray between the Barmah Choke and Murray-Darling junction, 
in particular the Goulburn River and Murrumbidgee River  

▪ The Kiewa River and Ovens River. 

The map of the River Murray system in Figure 1 shows where these locations are relative to 
each other, and key features of the system. 

The aims of the analyses of historic flow and level records was to investigate: 

▪ If the Barmah Choke has been ‘run’ more or less often at or near capacity over the past 
35 years, during months (January-April) when flooding of the Barmah-Millewa Forest is 
undesirable. 

▪ Whether there may be additional capacity in the Edward-Wakool system for bypassing 
the Barmah Choke. 

▪ The historic changes to tributary inflows downstream of the Choke. These changes may 
be influencing how much water needs to be delivered from the upper Murray storges – 
through or around the Choke – to meet demands 

▪ The historic changes to tributary inflows from the Kiewa River and Ovens River to the 
River Murray. These changes may be influencing the volume and timing of bulk transfers 
of water between the upper Murray storages – through or around the Choke – to Lake 
Victoria.  

The data provided by the MDBA was the time-series of hydrographically-corrected flow 
estimates, rather than the operational data available to river operators. For example, updated 
rating table estimates of flow versus level are reflected in the time-series analysed by HARC, 
even if these were retrospectively applied. Therefore, flow records presented in this report may 
not always match the estimates on which operational decisions were based. 
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Figure 1: A schematic of the southern connected Murray-Darling Basin. Source: MDBA
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2. Barmah Choke 
Barmah Choke is a natural constraint on River Murray channel capacity. The Barmah Choke 
limits the rate at which water can be transferred within channel from the upper system storages 
to downstream demands. Appendix A.1 provides more detail about the physical characteristics 
of the Choke, and the constraints it puts on operation of Yarrawonga Weir. 

The Barmah Choke capacity is defined in the Objectives and outcomes for river operations in 
the River Murray System (MDBA, 2019; Specific Objectives and Outcomes 3.1b). When 
flooding of the Barmah-Millewa Forest is undesirable, the maximum regulated flow through the 
Barmah Choke is generally below a height of 2.6 m at Picnic Point (gauge 409006) [which 
equates]… to a flow downstream of Yarrawonga Weir of between 9,500 ML/day and 
10,600 ML/day, when Barmah Millewa Forest regulators are closed and diversions to the 
Edward River and Gulpa Creek Offtake regulators are at maximum desirable regulated rates.  

Specific objective and outcome 3.1b also states that the Authority should continue the practice 
of regularly assessing, in conjunction with relevant State agencies, the flow downstream of 
Yarrawonga and the level at Picnic Point which avoids the uncontrolled overtopping of levees. 
For example, meeting 266 of the Water Liaison Working Group (WLWG) noted in August 2019 
that channel capacity of the Barmah Choke when the forest regulators are closed is [now] 
equivalent to a flow downstream of Yarrawonga of around 9,000 ML/day. 

Flooding of the Barmah-Millewa Forest is generally considered to be undesirable if it occurs 
between mid-December and the end of April (MDBC, 2006). The threshold of 2.6 m at the 
Picnic Point gauge was first used to define the Barmah Choke capacity in 1996 (Ben Dyer, 
pers. comm., June 2020). During the irrigation season, River Murray operators also ask forest 
managers to observe river levels at Picnic Point and within the Choke, and will vary releases 
from Yarrawonga Weir in response to those observations (e.g. as described in Section 4.3.1.1 
of MDBA (2015)). 

2.1 Available data 
For the analyses of historic flows through the Barmah Choke, the MDBA provided HARC daily 
time-series of hydrographically-corrected flow from 1 July 1984 to 30 June 2019 for the: 

▪ River Murray downstream of Yarrawonga Weir 

▪ River Murray at Tocumwal 

▪ Edward River offtake 

▪ Gulpa Creek offtake 

▪ River Murray at Barmah 

The MDBA also provided HARC with daily time-series of gauged river levels from 1 July 1984 to 
30 June 2019 for the River Murray at Tocumwal and at Picnic Point. 

How these locations relate to each other and the Barmah Choke is shown in Figure 2. 
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Figure 2: A schematic of the rivers and channels near the Barmah Choke. Source: MDBA 

2.2 Changes in Barmah Choke capacity 
Table 1 shows the estimated capacity of the Barmah Choke over time, as defined by flow 
downstream of Yarrawonga. These estimates were provided by the MDBA, and were made by 
examining daily hydrographs (Appendix B.1) and flow duration curves (Appendix C.1) 
downstream of Yarrawonga, and assessing the maximum threshold at which river flow was 
regulated each year. The lower and upper bound are 500 ML/d either side of the best estimate. 

Table 1: Estimated Barmah Choke capacity, as defined by flow downstream of Yarrawonga 

Years 
Estimated Barmah Choke Capacity (flow downstream of Yarrawonga) 

Lower bound (ML/d) Best estimate (ML/d) Upper bound (ML/d) 
1985-1989 11,000 11,500 12,000 
1990-1994 10,500 11,000 11,500 
1995-2015 10,000 10,500 11,000 
2016-2017 9,500 10,000 10,500 
2018-2019 8,800 9,300 9,800 

In 2009, SKM completed a study for the MDBA that included a detailed assessment of the 
Barmah Choke capacity (MDBA, 2009). The study noted that in the mid-1990s, a step change 
occurred in the maximum regulated flow downstream of Yarrawonga, from approximately 
11,000 ML/d – 11,700 ML/d to 10,500 ML/d – 10,700 ML/d. This was due to a decision by river 
operators to lower river levels in the Choke to reduce overbank flows in summer and the 
environmental damage caused by prolonged waterlogging of the Barmah-Millewa Forest. 
SKM did not find evidence of a decline in the hydraulic capacity of the Choke at that time, based 
on the available cross-sectional surveys. For more details, refer to Appendix D of the report by 
SKM (MDBA, 2009).  

Barmah 
Choke 
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From the time of the mid-1990s until the mid-2010s, river operators used a flow of 
approximately 10,600 ML/d as the upper limit for prolonged periods of regulated releases from 
Yarrawonga Weir. However, the relationship between flow downstream of Yarrawonga and the 
river level in the Barmah Choke – as indicated by the gauge at Picnic Point – is complex and 
varies with (Ingrid Takken, pers. comm., February 2021):  

▪ the accuracy of the flow measurement at Yarrawonga,  

▪ opening, closing, seepage through or malfunctioning of the forest regulators,  

▪ flow through the Edward River and Gulpa Creek offtakes,  

▪ return flows from Yarrawonga Main Channel escape and other Victorian drains,  

▪ sand and sediment build-up and movement, 

▪ the distribution and movement of snags and willows, 

▪ diversions by consumptive and environmental users, 

▪ rainfall and losses.  

This complexity makes it difficult to precisely determine the Barmah Choke capacity, and trends 
over time. However, during the mid- and late-2010s the channel capacity appears to have 
declined. This is demonstrated by Figure 3, which shows the January-April river levels at 
Picnic Point2 during 5-day or longer spells of specific flows ranges downstream of Yarrawonga.   

Figure 3 shows that: 

▪ Regulated flow rates >11,500 ML/d occurred in the 1980s and 1990s, resulting in levels 
at Picnic Point varying from 2.6 m – 2.8 m. From the mid-1990s onwards, regulated flow 
rates have not been this high.  

▪ From 1996 to 2005, a flow range of 10,300 ML/d – 10,900 ML/d (the light blue and dark 
blue dots) generally resulted in a river level of approximately 2.6 m at Picnic Point. 

▪ 2006 was an exceptional year, because environmental water was used in early summer 
to extend a bird breeding event that started during a preceding natural flood. 
Regulators were opened at the time, as inundation of the forest was desirable. 

▪ During the latter part of the Millennium Drought (2007-2010) flows were often less than 
channel capacity, due to limited water availability. In the two wet years that followed 
(2011; 2012), flows were either well-above channel capacity because of floods, or 
well-below because of limited demand for water. 

▪ There was no indication of Barmah Choke capacity changes in 2013 or 2014, but in 
2015 the levels at Picnic point were above 2.6 m although flows downstream of 
Yarrawonga did not exceed 10,600 ML/d. This was a clear indication that the hydraulic 
capacity of the channel had reduced. 

▪ Since 2015, the river levels at Picnic Point corresponding to a specific flow range have 
been trending upwards, which suggests there have been further reductions in channel 
capacity. In 2018 and 2019 regulated flows of 9,100 ML/d – 9,700 ML/d downstream of 
Yarrawonga resulted in Picnic Point levels of approximately 2.55 to 2.65 m. 

 

2 Assuming a 3-day travel time 
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Figure 3: Gauge height at Picnic Point vs flow downstream of Yarrawonga from January-April of 1983 to 2019. Source: MDBA 
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Similar observations can be made from Figure 4, which is a colour-coded count of the number 
of days from January to April that flow downstream of Yarrawonga and levels at Picnic Point 
were within specific ranges. That is, making reference to locations noted on Figure 4: 

▪ A): The number of days when regulated flow was more than 10,900 ML/d, 11,200 ML/d 
or 11,500 ML/d or the Picnic Point level was higher than 2.65 m declined markedly in the 
mid-1990s. 

▪ B): From the mid-1990s to 2005, the flow downstream of Yarrawonga was most often in 
the range 10,300 ML/d – 10,900 ML/d, and Picnic Point levels were most often 2.4 m – 
2.65 m. 

▪ C): the use of environmental water to extend a bird-breeding event in 2006 can be seen 
in the number of days flow downstream of Yarrawonga was 10,900 ML/d – 11,500 ML/d.  

▪ D): Figure 4 shows that during the latter part of the Millennium Drought (2007-2010) 
flows were often less than 8,500 ML/d. In the two wet years that followed (2011; 2012), 
flows were often above 11,800 ML/d (i.e. during floods) or below 8,500 ML/d.  

▪ E): In 2015, the levels at Picnic point were above 2.65 m for nearly half of the 120 days 
of January-April, although flows downstream of Yarrawonga rarely exceeded 
10,600 ML/d. 

▪ F): Since 2015, river levels at Picnic Point have often been 2.5 m – 2.6 m, but the most 
frequent flow range downstream of Yarrawonga has reduced to well-below 10,000 ML/d.  

In response to the observed reduction of the Barmah Choke capacity, the MDBA commissioned 
studies by: 

▪ Water Technology (2020), which identified that there is a large volume of sand in the 
Barmah Choke (https://www.mdba.gov.au/node/5917), and 

▪ Streamology (2020), which determined that the most likely source of the sand is gold 
mining and other land use changes from the late 1800s to early 1990s along the 
Upper Murray River, Kiewa River and Ovens River (www.mdba.gov.au/publications/ 
independent-reports/barmah-millewa-forest-sediment-investigations). 

Further studies are underway, to better understand the potential future movement of sand into 
and out of the Barmah Choke, and the feasibility of possible options for moving water around 
the Choke (Ben Dyer, pers. comm., March 2021).  

In summary, the interaction between flows downstream of Yarrawonga and river levels at the 
Barmah Choke is complex, and therefore it is difficult to make precise conclusions about the 
Choke’s channel capacity and how this has changed over time. However, the capacity appears 
to have declined in the mid-2010s, and trended further down in recent years. 
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Figure 4: A colour-coded count of the number of days from January to April that flow downstream of Yarrawonga and levels at Picnic Point were within specific ranges. The letters refer to dot points on the previous page.
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2.3 Data analyses 
For this study the flow and level data provided by the MDBA was analysed to assess how often 
in the historic record the Choke has been near or above capacity when flooding of the Barmah-
Millewa forest is undesirable. The purpose of these analyses was to understand whether the 
Choke has been ‘run’ more or less intensely over the past 35 years. The data analyses 
involved, for the months of January to April: 

▪ Identifying the spells3 when flow downstream of Yarrawonga was above a selection of 
thresholds from Table 1 (8,800 ML/day, 9,500 ML/day, 10,000 ML/day, 10,500 ML/day 
and 11,000 ML/day). 

▪ Identifying the spells when river levels at Picnic Point were above 2.6 m, and 0.1 m 
increments either side of this threshold. 

The results of these spells analyses are summarised in Figure 5, with flows downstream of 
Yarrawonga on the left, and river levels at Picnic Point on the right. The different colours show 
when flow and river levels were above or between the thresholds of interest. The darkest 
colours are for the highest flows and river levels, and the lightest colours for the lowest. 

2.4 Observations 
2.4.1 Initial findings 

There is not a perfect correlation between flow downstream of Yarrawonga and river level at 
Picnic Point. That is, the patterns on the left and right sides of Figure 5 are similar but not the 
same. This is because of the factors listed on page 10. 

With the exception of 2006, 20114 and 20155, the colours in Figure 5 tend to lighten – or at least 
stay the same – as the years progress. This demonstrates that in general, for the months of 
January to April from 1985 to 2019, flow downstream of Yarrawonga and river levels at Picnic 
Point have not been increasing. The 1996 adoption of the 2.6 m threshold at Picnic Point for 
defining the maximum regulated flow through the Barmah Choke is also evident in Figure 5. 
The river level at Picnic Point was often above 2.7 m in the mid-1980s and 1990s. Since the 
1990s, it has been above 2.7 m for brief times only in 2002, 2006 and 2015. 

The colour trend in the flow downstream of Yarrawonga from 1985 – 2019 (left of Figure 5) is 
more pronounced compared with river levels at Picnic Point (right). This suggests that, despite 
there not being a perfect correlation between flow downstream of Yarrawonga and river levels 
at Picnic Point, the flow that results in a given water level has been declining. This is consistent 
with other observations (Section 2.2) that the Barmah Choke capacity has reduced. 

 

3 For all spell analyses presented in this report, a spell ‘independence’ period of 7-days was used. This 
meant if flow or river level dropped below the threshold of interest for < 7 days but then returned above the 
threshold, it was still considered the same ‘spell’ 
4 The high flows in 2011 were caused by wide-spread flooding in the summer of 2010/11 
5 High flows in 2015 were in response to high demands caused by hot, dry weather (MDBA, 2015); 
2006 was also a warm and dry year (http://www.bom.gov.au/climate/annual_sum/2006/AnClimSum06.pdf) 
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Figure 5: January to April spells of flow in the River Murray downstream of Yarrawonga (left), and river levels at Picnic Point (right), above or between 
thresholds related to Barmah Choke capacity 
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Although the Barmah Choke capacity has reduced, the frequency with which the Choke has 
been ‘run’ near or above capacity during January to April has in general not increased from 
1985 to 2019. This is demonstrated by Figure 6 to Figure 9. Figure 6 and Figure 7 show when 
and for how many days flow downstream of Yarrawonga was within or above the estimated 
range of Barmah Choke capacity (Table 1). Figure 8 and Figure 9 show when and for how many 
days river levels at Picnic Point were above 2.6 m. None of these figures include a rising trend 
over 1985-2019. However, 2015 in particular stands out on Figure 9. In this year, the river level 
at Picnic Point was above 2.6 m for most of January to April, even though flow downstream of 
Yarrawonga was generally less than the estimated Barmah Choke capacity (Figure 6; Figure 7). 
More detail about how the river was operated in 2015, and the quality of the operational data in 
that year is provided in the MDBA’s Summary of River Operations for 2014-2015 (MDBA, 2015). 
An excerpt from Section 4.3.1 of the MDBA (2015) report is included in Appendix A.2. 

Flow downstream of Yarrawonga between January and April is also influenced by year-to-year 
variations in seasonal conditions. Although this influence is not analysed in detail here, it is 
apparent from Appendix B.1 and Appendix C.1 that the highest flows from 1985-2019 were in 
summers with floods (2011; 2012) and the lowest were during the peak of the Millennium 
Drought (2007-2010). And as mentioned in Section 2.4.1, flows were near or above the 
estimated capacity of the Barmah Choke for most of the January-April period of 2006 and 2015. 
Both of these years had warm, dry summers that coincided with times when water availability 
was reasonable (i.e. 100% or greater allocation to Victorian high reliability water shares), and in 
2006 environmental water was used to extend a bird breeding event that started during a 
preceding natural flood. 

 
Figure 6: Number of days from January to April when flow in the River Murray downstream of 
Yarrawonga was above the estimated Barmah Choke capacity 
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Figure 7: January to April spells of flow in the River Murray downstream of Yarrawonga above the lower bound (left), best (middle) and upper bound (right) 
estimate of the Barmah Choke capacity
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Figure 8: January to April spells of river levels > 2.6 m in the River Murray at Picnic Point 

 
Figure 9: The number of days from January to April when River Murray levels were > 2.6 m at 
Picnic Point 
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2.4.2 Further tests 

To further test these observations, the available data was summarised in two more ways: 

Firstly, Figure 11 plots the proportion of time from January to April that flow downstream of 
Yarrawonga and river level at Picnic Point was above, below or within the thresholds used to 
construct Figure 5. This again demonstrates that, with the exception of 2006, 2011 and 2015, 
flows and river levels have in general not been increasing over the period of record analysed. 

Secondly, Figure 10 shows flow duration curves constructed for each year from the time-series 
of flow downstream of Yarrawonga. The line colour lightens by year across four groups: 1980s 
(green); 1990-1996 (black); 1997-2006 (blue); 2007-2010 (grey); and 2011-2019 (red). 
These groups were chosen to highlight how the flow duration curves change over time. With the 
exception of 2011, the green, black and blue colours tend to congregate toward the upper 
portion of the figure, and the grey and red colours toward the bottom6. This is also consistent 
with the observations made in Section 2.4.1. 

 
Figure 10: Flow duration curves of River Murray flow downstream of Yarrawonga between 
January to April from 1985-2019. The line colour changes as the years progress. 

 

 

6 Appendix B.1 and Appendix C.1 include the time-series and flow duration curves respectively for 
individual years, with neighbouring years of similar characteristics grouped together 
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Figure 11: The proportion of time between January to April that flow in the River Murray downstream of Yarrawonga (left) and River Murray level at Picnic 
Point (right) has been above, below or between different thresholds 
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2.4.3 Use of Edward River and Gulpa Creek offtakes 

River Murray flow downstream of Yarrawonga can be directed through the Edward River offtake 
and Gulpa Creek offtake, both of which are upstream of the Barmah Choke. Therefore, spell 
analyses similar to those presented in Figure 5 were conducted using flow records for both 
offtakes to see whether the operation of these offtakes has changed from 1985-2019. 
The results are shown in Figure 13. These suggest that, since the Edward River offtake was 
re-regulated in 1997, January to April flow rates through these offtakes has been relatively 
consistent.  

This is also demonstrated by Figure 12 which charts the total flow through these offtakes from 
January to April of each year. The only years where the total offtake was not between 
approximately 150,000 ML and 250,000 ML were 2007-2008 (the height of the Millennium 
Drought) and 2011-2012 (the summer floods of 2010/11, and the flooding in March 2012). 
In other words, the reduced capacity of Barmah Choke in recent years has not resulted in more 
flow being directed through the Edward River offtake and Gulpa Creek offtake. 

 
Figure 12: Total diversions from the River Murray through the Edward River offtake and Gulpa 
Creek offtake from January to April of each year from 1985-2019 
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Figure 13: January to April spells of flow through the Edward River offtake (left), and Gulpa Creek offtake (right), above or between different thresholds
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2.5 Conclusions 
There is not a direct correlation between flow downstream of Yarrawonga and river level at 
Picnic Point. Despite this, the flow that results in a given water level has been declining (Figure 
5). This is consistent with the MDBA observation (Table 1) that the Barmah Choke capacity has 
reduced in recent years. 

In general, for the months of January to April from 1985 to 2019, flow downstream of 
Yarrawonga and river levels at Picnic Point have not been increasing. For example, the river 
level at Picnic Point was often above 2.7 m in the mid-1980s and 1990s. Since 1996, when an 
operational threshold of 2.6 m was introduced, the river level at Picnic Point has been above 
2.7 m for brief times only in 2002, 2006 and 2015 (Figure 5). 

Although the Barmah Choke capacity has reduced, the frequency with which the Choke was 
‘run’ near or above capacity has not been greater in recent years compared with other periods 
in the 1985-2019 record (Figure 6 to Figure 9). 

Flow downstream of Yarrawonga between January and April is also influenced by year-to-year 
variations in seasonal conditions. For example, the highest flows from 1985-2019 were in 
summers with floods (2011; 2012) and the lowest were during the peak of the Millennium 
Drought (2007-2010). Recent years when flows were near or above the estimated capacity of 
the Barmah Choke for most of January-April (2006; 2015) had warm, dry summers that 
coincided with times of reasonable water availability. 

Total flow through the Edward River offtake and Gulpa Creek offtake from January to April has 
been relatively steady since 1997 (Figure 12 and Figure 13). 
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3. Edward-Wakool River System 
The Edward-Wakool system (Figure 15) is comprised of rivers, creeks and irrigation 
infrastructure managed by WaterNSW and Murray Irrigation Limited (MIL). Prior to 2016/17, the 
MDBA was able to use WaterNSW and MIL infrastructure (e.g. the Mulwala Canal) to bypass 
the Barmah Choke. MDBA access was not provided by MIL in 2016/17, 2017/18 and the 
beginning of 2018/19 (prior to September). Access since September 2018 has been governed 
by an interim commercial arrangement between the MDBA and MIL (Ingrid Takken, pers. 
comm., July 2020). 

Operation of the Edward-Wakool system under regulated flow conditions – to supply local 
demands and bypass the Barmah Choke – is primarily based on these targeted operational 
constraints during the irrigation season (Damian Green, pers. comm., July 2020): 

▪ 10,000 ML/d for the Mulwala Canal offtake 

▪ 2,100 ML/d for the Mulwala Canal escape to the Edward River  

▪ 2,700 ML/d for the Edward River downstream of Stevens Weir. This constraint is 
designed to avoid unseasonal flooding of the Werai State Forest. Prior to September 
2006, the threshold was 2,900 ML/d. The change in September 2006 was based on 
observations of unseasonal flooding, rather than a rating table chance downstream of 
Stevens Weir. 

MDBA access to MIL infrastructure is also dependent on there being spare capacity available 
and is therefore connected to local demand for water and seasonal allocations to New South 
Wales (NSW) Murray general security licences. Figure 14 shows Murray general security 
allocations from July 1985 to June 2020. MDBA access can be constrained when allocations 
are high, because at these times the MIL infrastructure is often needed to supply water to NSW 
irrigators, and is therefore not available for passing water around the Barmah Choke.  

 
Figure 14: NSW General Security allocations from July 1985 to June 2020. Source: MDBA 
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Figure 15: A schematic of the Edward-Wakool system
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3.1 Available data 
For the analyses of historic flows through the Edward-Wakool system, the MDBA provided 
HARC daily time-series of hydrographically-corrected flow from 1 July 1984 to 30 June 2019 for 
the: 

▪ Mulwala Canal downstream of the offtake 

▪ Edward River downstream of Stevens Weir 

The MDBA also provided daily time-series of hydrographically-corrected flow from 1 July 2000 
to 30 June 2019 for the: 

▪ Mulwala Canal escape to the Edward River (Edward River escape) 

▪ Mulwala Canal escape to the Wakool River (Wakool River escape) 

▪ Mulwala Canal escape to Yallakool Creek (Yallakool Creek escape) 

▪ Finley Channel escape to Colombo Creek (Finley escape) 

▪ Perricoota escape to the River Murray (Perricoota escape) 

3.2 Data analyses 
The flow data provided by the MDBA was analysed to assess how often in the historic record 
regulated flows through the Edward-Wakool system have been near or above capacity when 
flooding of the Werai State Forest is undesirable. The purpose of these analyses was to 
understand whether the system has been ‘run’ more or less intensely over the past 35 years, 
and whether there is additional capacity in the Edward-Wakool system for bypassing the 
Barmah Choke.  

The data analyses involved, for the months of January to April: 

▪ Identifying the spells when Edward River flow downstream of Stevens Weir was above 
the thresholds of 500 ML/d, 1,500 ML/d, 2,500 ML/d, 2,700 ML/d and 2,900 ML/d. 

▪ Identifying the spells when flow in the Mulwala Canal downstream of the offtake was 
above the thresholds of 4,000 ML/d, 6,000 ML/d, 8,000 ML/d, 10,000 ML/d and 
11,000 ML/d. 

The results of these spells analyses are summarised in Figure 16, with flows downstream of the 
Mulwala Canal offtake on the left, and Edward River flow downstream of Stevens Weir on the 
right. The different colours show when flows were above or between the thresholds of interest. 
The darkest colours are for the highest flows, and the lightest colours for the lowest. 

3.3 Observations 
3.3.1 Initial findings 

From Figure 16, the following observations can be made: 

With the exception of 2006, flow downstream of the Mulwala Canal offtake has been 
significantly lower in the January-April period from 2003 onwards compared with 2002 and prior. 
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This change will have been partly caused by variation in the historic NSW general security 
allocations (Figure 14) and local demand for water, water recovery for the environment 
(https://www.mdba.gov.au/basin-plan-roll-out/water-recovery), and the lack of MDBA access to 
Mulwala Canal in 2017 and 2018. 

The trend within the historic flow record for the Edward River downstream of Stevens Weir is 
less clear. However, it does appear that flows were in the 2,501 – 2,700 ML/d range more often 
in 2015, 2016 and 2019 compared with other years from the mid-1990s to mid-2010s (Figure 
18). The exceptions to this were 2006, 2011 and 20127. Flows in 2017 and 2018 would have 
been influenced by the lack of MDBA access to Mulwala Canal.  

With the exception of 2011 and 2012, the frequency at which flow has been above the targeted 
regulated flow capacities for the Mulwala Canal and Edward River downstream of Stevens Weir 
has significantly reduced from 2007 onwards (Figure 17; Figure 18). A more detailed analysis of 
regulated flow capacity within the Edward-Wakool system is provided in Section 3.3.3. 

 

7 High flows in 2011 and 2012 were caused by flooding in the summer of 2010/11 and March 2012. 
High flows in 2006 were because the MDBA used the Edward-Wakool system to transfer significant flow 
volumes around the Barmah Choke (Ingrid Takken, pers. comm., April 2021). 
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Figure 16: January to April spells of flow through the Mulwala Canal downstream of the offtake (left), and the Edward River downstream of Stevens Weir 
(right), above or between various thresholds 

Regulated flow capacity changed 
from 2,900 ML/d to 2,700 ML/d in 
September 2006 

High flows in 2011 and 2012 were 
caused by flooding in the summer 
of 2010/11 and March 2012 
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Figure 17: January to April spells of flow through the Mulwala Canal downstream of the offtake (left), and the Edward River downstream of Stevens Weir 
(right) above the estimated regulated flow capacity 

High flows in 2011 and 2012 were 
caused by flooding in the summer 
of 2010/11 and March 2012 
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Figure 18: Number of days from January to April when flow in the Edward River downstream of 
Stevens Weir was above 2,500 ML/d, 2,700 ML/d or 2,900 ML/d. The estimate of channel 
capacity was 2,900 ML/d until September 2006, and 2,700 ML/d thereafter. 

3.3.2 Further tests 

To further test the observations made in Section 3.3.1, the flow records for the Mulwala Canal 
downstream of the offtake and the Edward River downstream of Stevens Weir were 
summarised in two other ways: 

Figure 19 plots the proportion of time from January to April that flow was above, below or within 
the thresholds used to construct Figure 16. The results support the three observations made in 
Section 3.3.1. 

Figure 20 and Figure 21 show flow duration curves constructed for each year from time-series 
of flow for the Mulwala Canal downstream of the offtake and the Edward River downstream of 
Stevens Weir. In both, the line colour lightens by year across five groups: 1980s (green); 
1990-1996 (black); 1997-2006 (blue); 2007-2010 (grey); and 2011-2019 (red). These groups 
highlight how the flow duration curves have changed over time for the Mulwala Canal 
downstream of the offtake. That is, the green, black and blue colours tend to congregate toward 
the upper portion of Figure 20, and the grey and red colours toward the bottom8. The pattern is 
less obvious for the Edward River downstream of Stevens Weir (Figure 21). This is also 
consistent with the observations made in Section 3.3.1. 

 

8 Time-series and flow duration curves for individual years are included in groups within Appendix B.2–B.3 
and Appendix C.2–C.3 
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Figure 19: The proportion of time between January to April that flow in the Mulwala Canal downstream of the offtake (left) and the Edward River downstream 
of Stevens Weir (right) has been above, below or between different thresholds
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Figure 20: Flow duration curves of Mulwala Canal flow downstream of the offtake between 
January to April from 1985-2019. The line colour changes as the years progress. 

 
Figure 21: Flow duration curves of Edward River flow downstream of Stevens Weir between 
January to April from 1985-2019. The line colour changes as the years progress. 
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3.3.3 Use of regulated flow capacity 

The degree to which the Edward-Wakool system’s regulated flow capacity has been used was 
assessed in more detail for 2001-2019 using the datasets described in Section 3.1.  

The total flow during the water year (July-June) and January-April period at each location from 
July 2000 – June 20199 is summarised in Figure 22 and Figure 23 respectively. Also provided 
for context are flow totals for the River Murray downstream of Yarrawonga Weir, and the 
Edward River and Gulpa Creek offtakes from the River Murray (Section 2). For each escape, 
the proportion of flow volumes for NSW use are shown in grey; the proportion for MDBA use 
further downstream is shown in orange.  

Figure 22 and Figure 23 show that, in addition to the Mulwala Canal downstream of the offtake 
and Edward River downstream of Stevens Weir (Section 3.3.1 and Section 3.3.2), the 
Edward River escape is the key flow delivery pathway with regards to the MDBA’s ability – 
historically – to bypass the Barmah Choke. Historic flow through the other escapes have been 
small by comparison. 

 

9 This period was selected because flow records for the escapes were available for July 2000 - June 2019 
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Figure 22: Total flow by water year (July-June) at selected locations in the Edward-Wakool system. The volumes shown are also tabled in Appendix D. 
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Figure 23: Total flow from January-April for the same locations shown in Figure 22. The volumes shown are also tabled in Appendix D. 
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For each of the years from 2001-2019, the daily flow in the Mulwala Canal downstream of the 
offtake, through the Edward River escape, and in the Edward River downstream of Stevens 
Weir, versus the regulated flow capacity at these locations was plotted.  An example is shown 
Figure 24, and each year is included in Appendix E. Based on these time-series, a nominal 
additional capacity was calculated as the minimum of the difference between capacity and flow 
at the three locations. This nominal additional capacity was then summed to monthly and 
annual time-steps (Figure 25). 

Figure 25 demonstrates that: 

▪ Additional capacity was greatest in the years 2007-2010 when NSW general security 
allocations were low (Figure 14), and in 2017-2018 when the MDBA did not have access 
to MIL infrastructure. 

▪ In other years from 2001-2019, there was often little to no additional capacity in January-
February. That is, most of the additional nominal capacity from January-April – generally 
50 GL to 140 GL – was available in March-April. 

In years with minimal additional capacity (e.g. 2006; 2015), the constraint was the Edward River 
escape and/or the Edward River downstream of Stevens Weir, rather than the Mulwala Canal 
offtake (Appendix E). 

 
Figure 24: Daily flow from January-April 2019 in the Mulwala Canal downstream of the offtake, 
the Mulwala Canal escape to the Edward River (Edward River escape), and the Edward River 
downstream of Stevens Weir, versus the regulated flow capacity at these locations. The red line 
is the nominal additional regulated flow capacity calculated from these datasets. 

Nominal additional capacity (ML/d) = minimum of: 
  Mulwala Canal capacity (ML/d) – flow in Mulwala Canal downstream of offtake (ML/d), and 
  Edward River escape capacity (ML/d) – flow through Edward River escape (ML/d), and 
  Channel capacity downstream of Stevens Weir (ML/d) – flow downstream of Stevens Weir (ML/d) 
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Figure 25: Monthly (top) and annual (January-April) time-series (bottom) of the nominal 
additional regulated flow capacity in the Edward-Wakool system from 2001-2019 
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3.4 Conclusions 
With the exception of 2006, flow downstream of the Mulwala Canal offtake has been 
significantly lower in the January-April period from 2003 onwards compared with 2002 and prior. 
The low NSW general security allocations during the Millennium Drought and recent dry years 
(Figure 14), water recovery for the environment, and the lack of MDBA access to Mulwala Canal 
in 2017 and 2018, will all have contributed to this change. 

The trend within the historic flow record for the Edward River downstream of Stevens Weir is 
less clear. However, it does appear that flows were in the 2,501 – 2,700 ML/d range more often 
in 2015, 2016 and 2019 compared with other years from the mid-1990s to mid-2010s (Figure 
18). The exceptions to this were 2006, 2011 and 201210. Flows in 2017 and 2018 would have 
been influenced by the lack of MDBA access to Mulwala Canal. 

For the months January-April, additional nominal regulated flow capacity in the Edward-Wakool 
system was greatest in the years 2007-2010 when NSW general security allocations were low 
(Figure 14), and in 2017-2018 when the MDBA did not have access to MIL infrastructure. 
In other years from 2001-2019, most of the additional nominal capacity was available in 
March-April rather than January-February (Figure 25). 

In years with minimal additional capacity (e.g. 2006; 2015), the constraint was the Edward River 
escape and/or the Edward River downstream of Stevens Weir, rather than the Mulwala Canal 
offtake (Appendix E). 

 

10 High flows in 2011 and 2012 were caused by flooding in the summer of 2010/11 and March 2012 
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4. Goulburn River and Murrumbidgee River 
The tributaries of the River Murray system downstream of the Barmah Choke are important 
sources of supply for meeting consumptive and environmental water demands downstream of 
the Choke. These tributaries include the Goulburn River, Campaspe River, Loddon River, 
Broken Creek, Murrumbidgee River and Billabong Creek (Figure 1). Changes to the discharge 
from these tributaries influence how much water needs to be delivered from the upper Murray 
storges (i.e. Hume and Yarrawonga) – through or around the Choke – to meet demands. 

4.1 Available data 
For the analyses of historic flows from these tributaries, the MDBA provided HARC daily 
time-series of hydrographically-corrected flow from 1 July 1984 to 30 June 2020 for the: 

▪ Goulburn River at McCoys Bridge 

▪ Campaspe River at Rochester 

▪ Loddon River at Appin South 

▪ Broken Creek at Rices Weir11 

▪ Murrumbidgee River at Balranald 

▪ Billabong Creek at Darlot 

These gauges are closest to where the waterways discharge to the River Murray system. 
The location of each waterway is shown on Figure 1 and Figure 26. In subsequent sections of 
this report, most attention is given to the Goulburn River and Murrumbidgee River. This is 
because these two rivers contribute the majority of tributary flows to the River Murray between 
the Barmah Choke and Murray-Darling junction. 

The MDBA also provided HARC time-series that showed, from the mid-2000s to June 2019, 
what component of total flows at various locations was attributable to:  

▪ Inter-valley trade (IVT) 

▪ Environmental water deliveries (e-water) 

The time-series were: 

▪ For the Victorian tributaries (Goulburn River, Campaspe River, Loddon River and Broken 
Creek) – daily IVT deliveries from 2003 onwards, and daily environmental water 
deliveries from 2011 onwards. 

▪ For the NSW tributaries (Murrumbidgee River and Billabong Creek) – combined monthly 
IVT deliveries from 2004 onwards, and monthly environmental water deliveries from 
October 2012 onwards. 

 

11 The time-series for the Broken Creek at Rices Weir was missing some data during the 1990s, which 
meant it could only be used for data analyses that spanned the months January to April (i.e. not the whole 
water or calendar year). 
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Figure 26: A map showing the location of the waterways for which flow records are summarised in this section of the report
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4.2 Data analyses 
The primary data analyses involved, for the months of January to April, identifying the spells 
when daily flow in the Goulburn River at McCoys Bridge and Murrumbidgee River at Balranald 
were above various thresholds from 500 ML/day to 3,000 ML/day. The months of January-April 
were selected to be consistent with similar analyses for the Barmah Choke (Section 2) and 
Edward-Wakool system (Section 3). The thresholds were chosen to demonstrate the range of 
historical flows. 

The results of these spells analyses are summarised in Figure 27 for the Goulburn River, and 
Figure 28 for the Murrumbidgee River. For the Goulburn River, the available daily data on 
different flow components meant the spells analyses could then be repeated using flows 
excluding IVT, and flows excluding both IVT and environmental water deliveries. Spell analyses 
for tributary flows to the lower Goulburn River (from Pranjip Creek, Castle Creek, Seven Creeks 
and the Broken River) were also done, to demonstrate some of the observations in 
Section 4.3.1. The data for these additional spell analyses was sourced from 
https://data.water.vic.gov.au/.12 

The time-series of flow used to construct Figure 27 and Figure 28 are included in Appendix 
B.4 – B.7, within groups of six years. Flow duration curves for these groups of years are 
provided in Appendix C.4 – C.7. Appendix F also includes a repeat of the spell analyses, but 
with all months included. The daily flow data described above was also summed to monthly and 
annual time-steps for the analyses described in Section 4.3.2 and Section 4.3.3 respectively. 

4.3 Observations 
4.3.1 Daily time-step 

From Figure 27 and Figure 28, the following observations can be made: 

From 2011 onwards, flow in the Goulburn River at McCoys Bridge has generally been higher in 
the January-April period compared with earlier years. High flows in 2011 and 2012 were caused 
by flooding in the summer of 2010/11 and March 2012, but from 2013 onwards the higher flows 
in the Goulburn River were due to IVT and environmental water deliveries. 

The differences in total flows from 2013 onwards compared with pre-2011 appear less 
pronounced for the Murrumbidgee River at Balranald. The available data is not suitable for 
isolating the contributions of IVT and environmental water deliveries on a daily time-step, but 
contributions on a monthly time-step are shown in Section 4.3.2.  

 

12 The gauge records for Pranjip Creek, Castle Creek and Seven Creeks available for 1 July 1984 to 
30 June 2019 were used to be consistent with most other analyses in this report. For the Broken River 
(at Gowangardie), flow data was only available from 1992 onwards. 
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Figure 27: January to April spells of flow in the Goulburn River at McCoys Bridge, showing total flow (left), total flow minus IVT (middle), and total flow minus 
both IVT and environmental water deliveries (right) 

High flows in 2011 and 2012 were 
caused by flooding 
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Figure 28: January to April spells of total flow in the Murrumbidgee River at Balranald, below, above or between various thresholds 

High flows in 2011 and 2012 were 
caused by flooding  
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Excluding 2011 and 2012, from 2007 onwards there has been a pronounced reduction in the 
frequency and duration with which Goulburn River flows at McCoys Bridge – excluding IVT and 
environmental water deliveries – have exceeded 500 ML/day. From 2007-2009, this can be 
attributed to the Millennium Drought (1997-2009). That is, the differences between the three 
panels of Figure 27 are minor. However, from 2010 onwards, there is much more white space 
within the right-hand panel compared with the left-hand panel of Figure 27. This suggests that 
although total flows to the River Murray during the months of January-April have increased in 
recent years, little of this has been unregulated. In Appendix F.3, which shows for all months the 
same spell analyses as in the right-hand panel of Figure 27, the increase in white space and 
lightening of colours in recent years is also apparent in other months. 

Some of the recent decline in inflows from the Goulburn River to the River Murray can be 
attributed to reductions in tributary inflows (Figure 29) from: 

▪ unregulated creeks downstream of Goulburn Weir, and  

▪ the Broken River, which discharges into the Goulburn River near Shepparton. 

For example, Figure 30 shows for the months of January to April, spell analyses of flow records 
available for three of the unregulated creeks that flow into the Goulburn River downstream of 
Goulburn Weir (Pranjip Creek at Moorilim, Castle Creek at Arcadia and Seven Creeks at 
Euroa).  For Pranjip Creek and Castle Creek, it is difficult to discern a trend in the historical flow 
record because both creeks generally cease to flow during the January to April period. In 
contrast, the spell analyses for Seven Creeks show that from the early 2000s onwards – with 
the exception of 2011 and 2012 – there has been a reduction in unregulated flow from this 
tributary to the lower Goulburn River13. 

Figure 31 shows similar spell analyses for Broken River flow at Gowangardie. The available 
historic record is shorter than used in Figure 30, but the thresholds are closer to those used to 
analyse spells of Goulburn River flows (Figure 27). That is, changes of spell frequency and 
duration in Figure 31 explain more of the pattern in Figure 27 compared with changes in 
Figure 30. In Figure 31, the increase of white space and lightening of colours over time is 
evident, particularly in the right-hand-side version of the spell analyses. The impact of the 
Millennium Drought (1997-2009) and continuing dry conditions would explain some of the 
historic changes to observed flow in the Broken River at Gowangardie. Another contributing 
factor is the decommissioning of Lake Mokoan, which occurred in 2009/10. Prior to this, water 
stored in Lake Mokoan could be released in summer months to the lower Goulburn River and 
River Murray via the Broken River. 

Spell analyses that span all months of the available historic flow record for Pranjip Creek at 
Moorilim, Castle Creek at Arcadia, Seven Creeks at Euroa and the Broken River at 
Gowangardie are available in Appendix F.5 – F.8. 

 

13 Although the pattern in historic flow from Seven Creeks to the lower Goulburn is apparent in Figure 30, 
the flow thresholds that demonstrate this pattern are small compared with those used for the spell 
analyses of Goulburn River flow at McCoys Bridge. For example, for Seven Creeks the changes in spell 
frequency and duration for flows < 10 ML/day and 11 – 50 ML/day are most obvious in Figure 30. 
Conversely, the lowest threshold used for the Goulburn River spells analyses was 500 ML/day (Figure 27). 
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Figure 29: Tributaries of the Goulburn River downstream of Goulburn Weir 



Historical flows in the southern connected Murray-Darling Basin  
  
 

  
 46 

 

    
Figure 30: January to April spells of tributary inflows to the lower Goulburn River from Pranjip Creek (at Moorilim, left); Castle Creek (at Arcadia; middle) and 
Seven Creeks (at Euroa, right) 
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Figure 31: January to April spells of tributary inflows to the lower Goulburn River from the Broken River (at Gowangardie), for two sets of thresholds. 
The thresholds on the right are lower than those on the left. For this gauge site, flow data was available for 1992 onwards.

Lake Mokoan decommissioned 
and transformed to Winton 
Wetlands Reserve 
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4.3.2 Monthly time-step 

Figure 33 and Figure 34 provide another demonstration of the observations made in 
Section 4.3.1, this time using monthly time-step data for the whole water year. Using the 
monthly time-step data provided by the MDBA also enables the contribution of IVT and 
environmental water deliveries to Murrumbidgee River flows to be shown, provided the data is 
combined with time-series available for Billabong Creek at Darlot. 

In Figure 33, which shows monthly flow at McCoys Bridge, the increase in Goulburn IVT and 
environmental water deliveries over time is noticeable (particularly for IVT in 2018 and 2019). 
From 2006/07 onwards, the match between the passing flow target at McCoys Bridge, and 
flows excluding IVT and environmental water deliveries, is also generally closer than in prior 
years. 

In the Murrumbidgee River system (i.e. including Billabong Creek), Figure 34 shows that IVT 
was a significant contributor to total flows in the summers of 2014/15, 2015/16 and 2016/17, but 
not in 2017/18 or 2018/19. Low general security allocations to NSW irrigators in those years 
(Figure 32) is likely to have contributed to the lack of IVT in 2017/18 and 2018/19. 
Environmental water deliveries in the Murrumbidgee River system have been sporadic. 

 
Figure 32: NSW General Security allocations from 1985/86 to 2019/20. Source: MDBA 
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Figure 33: Monthly flow volumes for the Goulburn River at McCoys Bridge for July 1984 to June 
2019 (top) and July 2003 to June 2019 (bottom). The contributions from IVT and environmental 
water deliveries are shown in orange and light-blue respectively. 
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Figure 34: Monthly combined flow volumes for the Murrumbidgee River at Balranald, and 
Billabong Creek at Darlot, for July 1984 to June 2019 (top) and July 2003 to June 2019 
(bottom). The contributions from IVT and environmental water deliveries are shown in orange 
and light-blue respectively. 
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4.3.3 Annual time-step 

Figure 35 charts – for the months January to April inclusive – the sum of total inflow from the 
Goulburn River (Figure 33), the Murrumbidgee River and Billabong Creek (Figure 34), and the 
Campaspe River, Loddon River and Broken Creek to the River Murray system. The contribution 
of IVT and environmental water deliveries is shown in orange and light-blue respectively.  

The results are consistent with observations in Section 4.3.1 and 4.3.2, and demonstrate that: 

▪ From 2013 on, total inflows in January-April have typically been >350 GL. In prior years 
– excluding those with flooding – inflows were generally <350 GL, and often <300 GL. 

▪ From 2002 onwards, inflows excluding IVT and environmental water deliveries have 
generally been <200 GL. Before 2002, inflows excluding IVT and environmental water 
deliveries were generally >200 GL, and sometimes >300 GL. 

Figure 36 presents the same information as Figure 35, but split into inflows from NSW 
(Murrumbidgee River and Billabong Creek) and Victoria (Goulburn River, Campaspe River, 
Loddon River and Broken Creek). This figure highlights that most of the IVT and environmental 
water delivery contributions to increased inflows from the tributaries downstream of Barmah 
Choke has come from Victoria. Volumes plotted in these figures are also shown in Table 2. 

This report does not aim to attribute these observed changes to underlying causes. However, it 
is acknowledged that climate conditions (e.g. the Millennium Drought, followed by summer 
floods), variations in irrigation demands, and changes to river regulation (e.g. Lake Mokoan 
decommissioning) have all influenced the historic streamflow records analysed in this report. 

 
Figure 35: Total inflows to the River Murray system from the Murrumbidgee River, Billabong 
Creek, Goulburn River, Campaspe River, Loddon River and Broken Creek for the January-April 
(inclusive) months of 1985 to 2019. The contribution from IVT and environmental water 
deliveries is shown in orange and light-blue respectively. 
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Figure 36: Total inflows to the River Murray system downstream of Barmah Choke from NSW 
(top; Murrumbidgee River and Billabong Creek) and Victoria (bottom; Goulburn River, 
Campaspe River, Loddon River and Broken Creek) for the January-April (inclusive) months of 
1985 to 2019. The contribution from IVT and environmental water deliveries is shown in orange 
and light-blue respectively. 
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Table 2: The values used to plot Figure 35 and Figure 36 

Jan-Apr 
Flow ex. IVT & eWater (GL) IVT (GL) e-water (GL) 

Total NSW VIC Total NSW VIC Total NSW VIC 
1985 130.4 67.9 62.5 0.0 0.0 0.0 0.0 0.0 0.0 
1986 210.0 98.1 111.8 0.0 0.0 0.0 0.0 0.0 0.0 
1987 190.6 75.7 114.9 0.0 0.0 0.0 0.0 0.0 0.0 
1988 266.4 130.5 135.9 0.0 0.0 0.0 0.0 0.0 0.0 
1989 917.8 615.2 302.6 0.0 0.0 0.0 0.0 0.0 0.0 
1990 211.1 54.5 156.5 0.0 0.0 0.0 0.0 0.0 0.0 
1991 197.1 47.5 149.6 0.0 0.0 0.0 0.0 0.0 0.0 
1992 282.4 128.4 154.0 0.0 0.0 0.0 0.0 0.0 0.0 
1993 1426.2 946.6 479.6 0.0 0.0 0.0 0.0 0.0 0.0 
1994 566.8 345.9 220.9 0.0 0.0 0.0 0.0 0.0 0.0 
1995 271.1 136.4 134.6 0.0 0.0 0.0 0.0 0.0 0.0 
1996 381.9 192.1 189.8 0.0 0.0 0.0 0.0 0.0 0.0 
1997 338.7 190.7 148.0 0.0 0.0 0.0 0.0 0.0 0.0 
1998 226.2 127.3 98.9 0.0 0.0 0.0 0.0 0.0 0.0 
1999 326.8 225.3 101.5 0.0 0.0 0.0 0.0 0.0 0.0 
2000 341.4 236.7 104.8 0.0 0.0 0.0 0.0 0.0 0.0 
2001 336.1 218.5 117.5 0.0 0.0 0.0 0.0 0.0 0.0 
2002 187.0 93.9 93.2 0.0 0.0 0.0 0.0 0.0 0.0 
2003 114.7 52.8 61.9 0.0 0.0 0.0 0.0 0.0 0.0 
2004 142.9 68.8 74.1 24.4 0.0 24.4 0.0 0.0 0.0 
2005 230.9 63.3 167.7 47.4 0.0 47.4 0.0 0.0 0.0 
2006 145.5 69.7 75.8 127.2 17.3 109.9 0.0 0.0 0.0 
2007 94.1 40.8 53.2 27.0 25.3 1.8 0.0 0.0 0.0 
2008 106.4 39.2 67.2 97.4 61.7 35.7 0.0 0.0 0.0 
2009 84.1 37.4 46.8 13.5 0.0 13.5 0.0 0.0 0.0 
2010 113.2 48.4 64.8 79.9 34.1 45.8 0.0 0.0 0.0 
2011 2650.9 1344.1 1306.7 57.8 57.8 0.0 0.0 0.0 0.0 
2012 1677.0 969.0 708.0 75.4 12.1 63.3 16.3 0.0 16.3 
2013 148.6 65.9 82.8 72.9 26.6 46.3 129.7 0.0 129.7 
2014 178.5 101.5 77.0 118.4 5.1 113.3 89.6 0.0 89.6 
2015 126.0 54.6 71.4 218.4 87.9 130.5 57.7 0.0 57.7 
2016 116.3 54.9 61.3 163.0 113.3 49.7 62.9 0.0 62.9 
2017 221.1 134.1 87.0 193.6 85.6 108.1 116.9 5.9 111.0 
2018 121.2 67.3 53.9 271.7 0.0 271.7 13.3 0.0 13.3 
2019 132.9 66.0 66.9 230.9 0.0 230.9 31.7 16.1 15.6 
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4.4 Conclusions 
From 2011 onwards, flow in the Goulburn River at McCoys Bridge has generally been higher in 
the January-April period compared with earlier years. High flows in 2011 and 2012 were caused 
by flooding in the summer of 2010/11 and March 2012, but from 2013 onwards the higher flows 
in the Goulburn River were because of IVT and environmental water deliveries. This pattern is 
apparent on a daily time-step, monthly time-step, and when combined with other Victorian 
tributary flows to the River Murray on a yearly time-step. Although IVT and environmental water 
deliveries from the Murrumbidgee River system to the River Murray have also increased, the 
difference in total flows from 2013 onwards compared with pre-2011 is not noticeable in the 
combined Balranald and Darlot gauge records. This indicates that most of the recent increase in 
total tributary inflows to the River Murray has come from Victoria.  

Total inflows to the River Murray system in January-April from tributaries between the Barmah 
Choke and Murray-Darling junction have typically been greater than 350 GL from 2013 
onwards. In prior years – excluding those with summer flooding – total inflows were generally 
less than 350 GL, and often less than 300 GL. However, from 2002 onwards, inflows excluding 
IVT and environmental water deliveries have generally been less than 200 GL. Before 2002, 
inflows excluding IVT and environmental water deliveries were generally greater than 200 GL, 
and sometimes greater than 300 GL. 
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5. Kiewa River and Ovens River 
Upstream of the Barmah Choke, tributary inflows from the Kiewa River and Ovens River provide 
an important contribution to water availability within the River Murray system (Figure 1). Inflows 
from these rivers can be harvested in Lake Victoria, for later release to meet consumptive and 
environmental water demands in South Australia. Changes to the discharge from these 
tributaries influences the volume and timing of transfers from the upper Murray storges 
(i.e. Hume and Yarrawonga) – through or around the Choke – to Lake Victoria. 

Maps of the Kiewa River and Ovens River catchments are provided in Figure 37 and Figure 38 
respectively. 

 
Figure 37: A map of the Kiewa River catchment. Source: Figure 6-4 of DELWP (2019). 
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Figure 38: A map of the Ovens River catchment. Source: Figure 6-6 of DELWP (2019). 

5.1 Available data 
For the analyses of historic flows from the Kiewa River and Ovens River to the River Murray, the 
MDBA provided HARC daily time-series of hydrographically-corrected flow from 1 July 1984 to 
30 June 2019 for: 

▪ The Kiewa River at Bandiana 

▪ The combination of Ovens River and Reedy Creek14 at Wangaratta 

Flows in the Kiewa River at Bandiana and Ovens River at Wangaratta are generally 
unregulated. However, Kiewa River flow can be influenced by releases from hydropower 
schemes, and Ovens River flow can be influenced by drawdown of Lake Buffalo between 
February and April. 

 

 

 

14 Reedy Creek acts as an anabranch of the Ovens River during periods of high flow 
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5.2 Data analyses 
The primary data analyses involved, for the months of January to April, identifying the spells 
when flow in the Kiewa River and Ovens River were above various thresholds (500 ML/day, 
800 ML/day, 1,200 ML/day, 1,800 ML/day and 2,200 ML/day). These months of January-April 
were selected to be consistent with similar analyses for the Barmah Choke (Section 2), 
Edward-Wakool (Section 3) and Goulburn-Murrumbidgee (Section 4). The thresholds were 
chosen to demonstrate the range of historical flows. 

The results of these spells analyses are summarised in Figure 39, with the Kiewa River results 
shown on the left, and the Ovens River on the right. The different colours indicate when flows 
were above or between the thresholds of interest. The darkest colours are for the highest flows, 
and the lightest colours for the lowest flows.  

The time-series of flow used to construct Figure 39 are included in Appendix B.8 – B.9, within 
groups of six years. Flow duration curves for these groups of years are provided in Appendix 
C.8 – C.9. Figure 40 and Figure 41 also contain repeats of these spell analyses, but with all 
months included, and the range of thresholds increased to 6,000 ML/d. 

5.3 Observations 
5.3.1 Initial findings 

From Figure 39 to Figure 41, the main observation is that post-1997 there is more white-space 
(flow < 500 ML/day) and lighter colours compared with pre-1997. This means there were 
smaller volumes of inflows from the Kiewa River and Ovens River to the River Murray in 
1998-2019 compared with 1985-1997. The exceptions to this are the years 2005, 2011-2012 – 
each of which had summer floods – and 2017, which followed the wet winter of 2016. 
This finding is not surprising given the timing of the Millennium Drought (1997-2009), and the 
relatively dry conditions in the southern Murray-Darling Basin after the floods of the early 2010s. 

Section 5.3.2 of this report examines in more detail the historical flow totals from the Kiewa 
River and Ovens River to the River Murray, including in the months of May-December. 
Correlations with historical rainfall are considered in Section 5.3.3. 
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Figure 39: January to April spells of flow in the Kiewa River at Bandiana (left) and the Ovens River plus Reedy Creek at Wangaratta (right), above or between 
various thresholds 
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Figure 40: Spells of flow in the Kiewa River at Bandiana above or between various thresholds 
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Figure 41: Spells of flow in the Ovens River plus Reedy Creek at Wangaratta above or between various thresholds 
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5.3.2 Further tests 

Figure 42 shows the total flow from the Kiewa River (left) and Ovens River (right) to the River 
Murray for the water years (July-June) from 1 July 1984 to 30 June 2019. This is followed by 
Figure 43 and Figure 44, which summarise total flows from the Kiewa River and Ovens River 
respectively to the River Murray for each season from December 1984 to November 2018.  

Figure 42 presents a similar picture to Figure 39. That is, with the exception of the 2010/11 and 
2016/17 water years, flow from the Kiewa River and Ovens River has been less from 1997/98 
onwards compared with pre-1997. 

The purpose of Figure 43 and Figure 44 is to demonstrate historical changes within the 
inter-year distributions of Kiewa River and Ovens River flows, using four seasons of equal 
length. These figures show that most of the flows from the Kiewa River and Ovens River to the 
River Murray occur in winter and spring. And it is these seasons where there is the biggest 
volumetric difference in total flows pre- and post-1997 (Table 3 and Table 4). 

Table 3: Flow vs period and season – Kiewa River at Bandiana 

 Flow in given season (GL) – Kiewa River at Bandiana 

Period 
Summer Autumn Winter Spring 

Ave. Median Ave. Median Ave. Median Ave. Median 
1985-1996 88.0 64.2 67.1 71.1 298.1 292.1 299.4 299.6 
1997-2018 71.9 54.4 57.3 41.3 189.9 168.2 224.0 196.1 
Difference 16.1 9.9 9.8 29.7 108.2 123.9 75.4 103.5 
Difference (%) 18% 15% 15% 42% 36% 42% 25% 35% 
 
Table 4: Flow vs period and season – Ovens River and Reedy Creek at Wangaratta 

 Flow in given season (GL) – Ovens River and Reedy Creek at Wangaratta 

Period 
Summer Autumn Winter Spring 

Ave. Median Ave. Median Ave. Median Ave. Median 
1985-1996 140.1 97.4 110.0 103.7 931.3 821.0 760.2 718.3 
1997-2018 125.5 67.4 76.0 50.7 460.1 394.4 475.3 341.0 
Difference 14.5 30.0 34.0 53.0 471.2 426.7 285.0 377.2 
Difference (%) 10% 31% 31% 51% 51% 52% 37% 53% 
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Figure 42: Total flow from the Kiewa River (left) and Ovens River (right) to the River Murray for 
water years (July-June) from 1 July 1985 to 30 June 2019 

  

  
Figure 43: Total flow from the Kiewa River to the River Murray for each season from the 
summer of 1984/85 to the spring of 2018 

Total flow in water year (July-June) Total flow in water year (July-June) 

Total flow in summer (Dec of prior year to Feb) Total flow in autumn 

Total flow in winter Total flow in spring 
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Figure 44: Total flow from the Ovens River to the River Murray for each season from the 
summer of 1984/85 to the spring of 2018 

5.3.3 Correlations with rainfall 

The generally unregulated nature of the Kiewa River and Ovens River means that the behaviour 
of historical flow is largely governed by rainfall. Figure 45 and Figure 46 compare the flow totals 
in Figure 43 and Figure 44 respectively with catchment-average rainfall for the same year and 
season. The catchment-average rainfall was estimated using daily gridded time-series of rainfall 
provided by the Bureau of Meteorology (http://www.bom.gov.au/climate/maps/). 

Two things are apparent from Figure 45 and Figure 46: 

Firstly, the proportion of rainfall that became streamflow from 1985-2018, and the correlation 
between rainfall and streamflow, is higher in winter and spring compared with summer and 
autumn. That is, the post-1997 reduction in flow from the Kiewa River and Ovens River to the 
River Murray can be mainly attributed to changes in rainfall during ‘cooler’ months of the year. 

 

Total flow in summer (Dec of prior year to Feb) Total flow in autumn 

Total flow in winter Total flow in spring 
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Secondly, the ‘gap’ between the rainfall and streamflow lines varies from 1985-2018, particularly 
in winter, and more so for the Ovens River compared with the Kiewa River. This is highlighted in 
Figure 47, which charts gauged winter plus spring flow as a proportion of winter plus spring 
rainfall. For both catchments, this runoff coefficient was approximately 0.4 in the mid-1980s to 
mid-1990s. The runoff coefficient then steadily declined to < 0.3 for the Kiewa River catchment 
and < 0.2 for the Ovens River catchment by the end of the Millennium Drought (2009).  

This means that during the Millennium Drought winter/spring rainfall was less compared with the 
mid-1980s to mid-1990s (Table 5 and Table 6) and the winter/spring streamflow for a given 
rainfall was less. By 2016, the 5-year rolling average of the runoff coefficient had returned to 0.4 
for the Kiewa River catchment, but only to 0.3 for the Ovens River catchment15. 

  

  
Figure 45: Total flow from the Kiewa River to the River Murray vs catchment average rainfall for 
each season from the summer of 1984/85 to the spring of 2018 

 

15 This analysis does not attempt to separate out how historical changes in urban or rural consumptive 
demands have influenced the runoff coefficient from 1985-2019 
 

Summer (Dec of prior year to Feb) Autumn 

Winter Spring 
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Figure 46: Total flow from the Kiewa River to the River Murray vs catchment average rainfall for 
each season from the summer of 1984/85 to the spring of 2018 

Table 5: Rainfall vs flow – Kiewa River at Bandiana 

 Average in given season – flow (GL) / rain (mm) – Kiewa River at Bandiana 

Period 
Summer Autumn Winter Spring 

Flow Rain Flow Rain Flow Rain Flow Rain 
1985-1996 88.0 236.8 67.1 271.8 298.1 500.0 299.4 348.4 
1997-2018 71.9 232.3 57.3 246.6 189.9 410.1 224.0 318.0 
Difference 16.1 4.5 9.8 25.2 108.2 89.9 75.4 30.5 
Difference (%) 18% 2% 15% 9% 36% 18% 25% 9% 

Table 6: Rainfall vs flow – Ovens River and Reedy Creek at Wangaratta 

 Average in given season – flow (GL) / rain (mm) – Ovens River at Wangaratta 

Period 
Summer Autumn Winter Spring 

Flow Rain Flow Rain Flow Rain Flow Rain 
1985-1996 140.1 212.4 110.0 252.8 931.3 449.0 760.2 315.5 
1997-2018 125.5 204.8 76.0 216.5 460.1 358.6 475.3 283.7 
Difference 14.5 7.6 34.0 36.3 471.2 90.4 285.0 31.8 
Difference (%) 10% 4% 31% 14% 51% 20% 37% 10% 

Summer (Dec of prior year to Feb) Autumn 

Winter Spring 
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Figure 47: The proportion of rainfall that became streamflow in the Kiewa River at Bandiana and 
the Ovens River plus Reedy Creek at Wangaratta. The thick lines are 5-year rolling averages. 

5.4 Conclusions 
With the exception of the 2010/11 and 2016/17 water years, flow from the Kiewa River and 
Ovens River to the River Murray has been significantly less in the years 1997/98 to 2018/19 
compared with 1984/85 to 1996/97. 

This difference pre- and post-1997 is attributable to changes in rainfall during the cooler months 
of the year, and reductions in the proportion of winter/spring rainfall that has become runoff. 
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  Excerpts from MDBA reports 
 Annual Operating Outlook for 2019/20 

MDBA (2019), River Murray System Annual Operating Outlook 2019-20 water year, 1 June 
2019 – 30 May 2020. MDBA Publication No. 22/18; Section 7.6.1. 

There are a number of physical constraints in the River Murray system that can affect 
operations.  One of these is the natural constriction of the River Murray through the Barmah and 
Millewa forests. This is generally referred to as the Barmah Choke (Choke), however it is 
actually made up of three key flow constriction points: the Tocumwal Choke, the Barmah Choke 
and the Edward Choke. Together, they restrict the channel capacity of the River Murray through 
this section to approximately 7,000 ML/day, which is estimated as the flow in the river at Picnic 
Point when the water level is at 2.6 m local height.  

The release from Yarrawonga Weir that delivers 2.6 m at Picnic Point varies during the year and 
between years and is dependent on: flow rates through Edward River and Gulpa Creek offtakes 
(the offtakes that pass a proportion of the flow via the Edward-Wakool anabranch system); 
regulator settings of Barmah and Millewa forests; private diversions in the Yarrawonga to 
Barmah reach of the Murray; and outfalls from the Yarrawonga Main Channel escape back into 
the River Murray (managed by Goulburn-Murray Water).  

Assuming the Edward and Gulpa offtakes are near the maximum regulated rates (a combined 
flow of approximately 1,800 ML/day), forest regulators are closed, there is some private 
diversion and some outfall from Yarrawonga Main Canal, a release downstream of Yarrawonga 
of 9,500 ML/day results in a water level of close to 2.6 m at Picnic Point. This release rate is 
often used as a proxy for the capacity of the river through the Choke, including the component 
that flows via the Edward-Wakool system. If less water is taken by private diverters in upstream 
reaches, as was the case in 2018/19, then a release of about 9,000 ML/day from Yarrawonga 
Weir could give rise to 2.6 m at Picnic Point. 

The channel constraint caused by the Choke means that if more than 9,000-9,500 ML/day of 
water is required downstream in the Murray (with forest regulators closed), it needs to be 
sourced from tributary inflows downstream of the Choke (i.e. the lower Darling, Goulburn or 
Murrumbidgee), from Victorian and New South Wales irrigation escapes (e.g. Yarrawonga Main 
Channel escapes to Broken Creek and Murray Irrigation Limited infrastructure) that bypass the 
Choke, or delivered at higher rates through the Choke with targeted forest regulators open to 
accommodate the additional flow. 

 Summary of River Operations for 2014/15 

MDBA (2015), River Murray System Summary of River Operations 2014-2015 Water Year. 
MDBA TRIM Reference D15/43315; Section 4.3.1. 

In making regulated releases, the Authority did not plan to cause undesirable flooding of the 
Barmah-Millewa Forest. The channel capacity at Picnic Point was determined as around 2.6 m 
after channel inspections in 2002 and was later confirmed in 2004. However due to the 
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changing nature of the river channel it is important to physically inspect the Barmah Choke and 
channel capacity each year and to manage flows accordingly.   

At the beginning of the irrigation season, the Authority requested forest managers observe the 
impact of flow rates above 10,000 ML/day. This proved prudent as several conversations 
throughout the year resulted in changes to the release downstream of Yarrawonga as 
information from the inspections became available. At the beginning of October 2014, 
Yarrawonga downstream releases were approximately 10,000 ML/day which equated to 2.58 m 
at Picnic Point. The Authority and forest managers were aware the gauge reading at Picnic 
Point was unusually high. NSW physically checked the gauge and assessed there was still 
available channel capacity at Picnic Point (between 30 – 45 cm freeboard at the top end of the 
choke). This was considered a gauging error at Picnic Point. Given the available channel 
capacity the Authority increased releases to 10,300 ML/day to maximise water to meet 
downstream demands. The Authority was conscious of the high reading at Picnic point and 
again sought advice from NSW who advised in late October that a rate of 10,300 ML/day was at 
top of bank upstream of the Choke and any more water released would be lost overbank. At this 
capacity, several small creeks were estimated to be flowing at tens of megalitres. It was thought 
at this time that the Choke had reduced capacity. Releases were not increased above 
10,300 ML/day for the remainder of the year except for two rainfall rejections which are detailed 
in section 4.12.6.1. 

On 13 – 14 November downstream releases were reduced, due to rain forecast over the River 
Murray, to ensure that any rain on the river would not cause flows to exceed channel capacity. 

In December, after confirmation of small overbank losses and increased risks of erosion the 
Authority reduced the maximum flow target to 10,100 ML/day. At this time the Authority 
requested that the hydrographers check the Yarrawonga downstream rating curve. The 
Authority was advised that the Yarrawonga gauge was under-reading flows but within the 
acceptable margin of error (less than 4%). At this time flows were further reduced to below 
10,050 ML/day. Several other readings showed similar results but all showed a slight positive 
deviation, therefore flow was being underestimated by approximately 300 ML/day. The 
hydrographers subsequently released a new rating table, 369.01, May 2015 in response to the 
Authority’s request.  

The River Murray downstream of Yarrawonga Weir was operated at maximum channel capacity 
for prolonged periods. There were 102 days when regulated flows downstream of Yarrawonga 
resulted in the gauge height at picnic point being over 2.65 metres. Flows at channel capacity 
for prolonged periods are not uncommon in river operation history and are characterised by 
increased erosion processes. The consistent high channel capacity flows in 2014/15 have 
exacerbated erosion of banks along the Murray as seen in Figure 4-4. 
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  Flow time-series 
 River Murray downstream of Yarrawonga 
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 Mulwala Canal downstream of offtake 
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 Edward River downstream of Stevens Weir 
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 Goulburn River at McCoys Bridge 
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 Goulburn River at McCoys Bridge, excluding inter-valley trade (IVT) 
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 Goulburn River at McCoys Bridge, excluding inter-valley trade (IVT) and environmental water deliveries (eWater) 
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  Murrumbidgee River at Balranald 
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 Kiewa River at Bandiana 
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 Ovens River and Reedy Creek at Wangaratta 
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  Flow duration curves 
 River Murray downstream of Yarrawonga 
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 Mulwala Canal downstream of offtake 
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 Edward River downstream of Stevens Weir 
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 Goulburn River at McCoys Bridge 
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 Goulburn River at McCoys Bridge, excluding inter-valley trade (IVT) 
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 Goulburn River at McCoys Bridge, excluding inter-valley trade (IVT) and environmental water deliveries (eWater) 
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 Murrumbidgee River at Balranald 
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 Kiewa River at Bandiana 
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 Ovens River and Reedy Creek at Wangaratta 
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  Flow volumes at selected locations 
River Murray downstream of Yarrawonga Weir 

Water Year (Jul-Jun) Total Flow (GL) January-April Total Flow (GL) 
2000/01 6316 2001 1166 
2001/02 3000 2002 1162 
2002/03 3324 2003 972 
2003/04 3741 2004 1174 
2004/05 3472 2005 1162 
2005/06 4259 2006 1335 
2006/07 2769 2007 744 
2007/08 1862 2008 691 
2008/09 1957 2009 848 
2009/10 2374 2010 817 
2010/11 7853 2011 2426 
2011/12 5193 2012 1443 
2012/13 4817 2013 1028 
2013/14 4573 2014 995 
2014/15 3669 2015 1217 
2015/16 3541 2016 1064 
2016/17 7727 2017 928 
2017/18 3636 2018 1104 
2018/19 3530 2019 1057 

River Murray downstream of Yarrawonga Weir 

Water Year (Jul-Jun) Total Flow (GL) January-April Total Flow (GL) 
2000/01 1475 2001 830 
2001/02 1586 2002 807 
2002/03 992 2003 286 
2003/04 1005 2004 633 
2004/05 1072 2005 503 
2005/06 1348 2006 855 
2006/07 708 2007 158 
2007/08 122 2008 71 
2008/09 237 2009 125 
2009/10 385 2010 182 
2010/11 905 2011 484 
2011/12 1070 2012 514 
2012/13 1455 2013 683 
2013/14 1004 2014 503 
2014/15 1119 2015 524 
2015/16 606 2016 294 
2016/17 860 2017 505 
2017/18 865 2018 479 
2018/19 588 2019 273 
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Edward River and Gulpa Creek downstream of offtakes 

Water Year (Jul-Jun) 
Total Flow (GL) 

January-April 
Total Flow (GL) 

Edward R Gulpa Ck Edward R Gulpa Ck 
2000/01 532 233 2001 162 64 
2001/02 416 106 2002 178 41 
2002/03 383 100 2003 121 38 
2003/04 471 188 2004 163 49 
2004/05 460 172 2005 156 55 
2005/06 537 204 2006 191 63 
2006/07 336 89 2007 53 26 
2007/08 152 72 2008 56 35 
2008/09 214 84 2009 124 31 
2009/10 342 82 2010 131 36 
2010/11 657 186 2011 239 75 
2011/12 554 231 2012 198 69 
2012/13 553 191 2013 163 42 
2013/14 552 185 2014 173 48 
2014/15 560 127 2015 194 40 
2015/16 515 172 2016 176 43 
2016/17 618 214 2017 183 46 
2017/18 520 141 2018 190 47 
2018/19 500 109 2019 186 38 

Edward River downstream of Stevens Weir 

Water Year (Jul-Jun) Total Flow (GL) January-April Total Flow (GL) 
2000/01 1334 2001 132 
2001/02 374 2002 165 
2002/03 550 2003 135 
2003/04 594 2004 204 
2004/05 618 2005 156 
2005/06 881 2006 298 
2006/07 554 2007 103 
2007/08 195 2008 69 
2008/09 262 2009 114 
2009/10 412 2010 141 
2010/11 2122 2011 809 
2011/12 1156 2012 313 
2012/13 954 2013 92 
2013/14 763 2014 132 
2014/15 729 2015 267 
2015/16 631 2016 204 
2016/17 2003 2017 89 
2017/18 544 2018 100 
2018/19 685 2019 223 
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Edward River escape 

Water Year (Jul-Jun) 
Volume (GL) 

January-April 
Volume (GL) 

For NSW For MDBA For NSW For MDBA 
2000/01 168 19 2001 134 19 
2001/02 340 35 2002 175 23 
2002/03 108 309 2003 43 45 
2003/04 157 137 2004 116 75 
2004/05 198 176 2005 98 36 
2005/06 206 175 2006 162 127 
2006/07 62 304 2007 11 70 
2007/08 38 0 2008 24 0 
2008/09 58 32 2009 20 7 
2009/10 67 96 2010 27 29 
2010/11 140 273 2011 68 164 
2011/12 158 45 2012 113 45 
2012/13 236 19 2013 125 6 
2013/14 152 16 2014 105 8 
2014/15 206 213 2015 106 111 
2015/16 80 132 2016 35 67 
2016/17 148 0 2017 75 0 
2017/18 80 0 2018 56 0 
2018/19 62 122 2019 22 88 

Wakool River escape 

Water Year (Jul-Jun) 
Volume (GL) 

January-April 
Volume (GL) 

For NSW For MDBA For NSW For MDBA 
2000/01 3.8 0.0 2001 3.1 0.0 
2001/02 1.5 19.8 2002 0.8 18.1 
2002/03 0.8 77.4 2003 0.1 5.1 
2003/04 0.1 25.4 2004 0.0 8.8 
2004/05 0.9 29.5 2005 0.0 0.0 
2005/06 2.5 21.1 2006 2.4 20.9 
2006/07 1.6 0.0 2007 1.6 0.0 
2007/08 1.6 0.0 2008 0.3 0.0 
2008/09 2.2 0.4 2009 0.5 0.4 
2009/10 13.3 0.0 2010 4.8 0.0 
2010/11 8.8 73.1 2011 3.1 34.7 
2011/12 33.8 14.4 2012 19.3 14.4 
2012/13 0.0 0.0 2013 0.0 0.0 
2013/14 1.5 0.0 2014 0.0 0.0 
2014/15 2.9 8.1 2015 1.2 8.1 
2015/16 1.0 0.0 2016 0.1 0.0 
2016/17 25.9 0.0 2017 0.4 0.0 
2017/18 0.8 0.0 2018 0.3 0.0 
2018/19 4.8 14.1 2019 0.6 4.7 
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Yallakool Creek escape 

Water Year (Jul-Jun) 
Volume (GL) 

January-April 
Volume (GL) 

For NSW For MDBA For NSW For MDBA 
2000/01 1.2 0.0 2001 0.7 0.0 
2001/02 0.8 2.5 2002 0.1 2.2 
2002/03 0.8 7.9 2003 0.0 0.5 
2003/04 0.1 2.3 2004 0.1 0.7 
2004/05 1.1 2.7 2005 0.0 0.0 
2005/06 0.2 4.4 2006 0.2 4.4 
2006/07 4.5 0.1 2007 2.9 0.0 
2007/08 6.6 0.1 2008 3.3 0.1 
2008/09 3.7 0.0 2009 0.0 0.0 
2009/10 0.2 0.0 2010 0.0 0.0 
2010/11 2.2 10.7 2011 0.5 5.7 
2011/12 16.0 1.8 2012 3.7 1.8 
2012/13 0.0 0.0 2013 0.0 0.0 
2013/14 0.0 0.0 2014 0.0 0.0 
2014/15 0.0 0.0 2015 0.0 0.0 
2015/16 0.0 0.0 2016 0.0 0.0 
2016/17 0.0 0.0 2017 0.0 0.0 
2017/18 0.0 0.0 2018 0.0 0.0 
2018/19 0.0 0.0 2019 0.0 0.0 

Finley escape 

Water Year (Jul-Jun) 
Volume (GL) 

January-April 
Volume (GL) 

For NSW For MDBA For NSW For MDBA 
2000/01 16.6 0.0 2001 9.7 0.0 
2001/02 23.1 0.0 2002 12.9 0.0 
2002/03 20.5 0.0 2003 11.7 0.0 
2003/04 18.8 6.9 2004 15.2 4.2 
2004/05 20.0 0.4 2005 12.7 0.1 
2005/06 14.0 15.3 2006 7.5 15.3 
2006/07 12.1 0.0 2007 2.9 0.0 
2007/08 3.1 0.0 2008 0.4 0.0 
2008/09 15.5 0.1 2009 7.9 0.0 
2009/10 9.3 0.2 2010 2.9 0.1 
2010/11 7.7 1.0 2011 6.6 1.0 
2011/12 2.6 0.1 2012 2.0 0.1 
2012/13 10.9 0.1 2013 6.9 0.1 
2013/14 8.4 0.0 2014 3.9 0.0 
2014/15 21.5 0.3 2015 8.2 0.2 
2015/16 13.4 0.2 2016 5.5 0.0 
2016/17 3.1 0.0 2017 1.1 0.0 
2017/18 2.7 0.0 2018 1.1 0.0 
2018/19 5.0 33.0 2019 2.7 12.3 
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Perricoota escape 

Water Year (Jul-Jun) 
Volume (GL) 

January-April 
Volume (GL) 

For NSW For MDBA For NSW For MDBA 
2000/01 0.0 0.0 2001 0.0 0.0 
2001/02 0.0 0.0 2002 0.0 0.0 
2002/03 0.0 0.0 2003 0.0 0.0 
2003/04 0.0 3.6 2004 0.0 3.4 
2004/05 0.0 0.0 2005 0.0 0.0 
2005/06 0.0 0.0 2006 0.0 0.0 
2006/07 2.1 15.1 2007 1.8 10.5 
2007/08 0.0 0.0 2008 0.0 0.0 
2008/09 1.1 0.0 2009 0.0 0.0 
2009/10 1.2 0.4 2010 0.0 0.0 
2010/11 0.0 2.2 2011 0.0 0.0 
2011/12 0.1 0.4 2012 0.0 0.0 
2012/13 0.0 0.0 2013 0.0 0.0 
2013/14 0.4 0.3 2014 0.0 0.0 
2014/15 2.0 12.1 2015 0.7 5.6 
2015/16 3.2 7.9 2016 0.7 5.0 
2016/17 0.3 0.0 2017 0.2 0.0 
2017/18 0.5 0.0 2018 0.1 0.0 
2018/19 2.2 13.5 2019 0.3 5.0 
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  Nominal additional regulated flow 
capacity – Edward-Wakool 
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  Spells analyses for all months – Goulburn-Murrumbidgee 
 Goulburn River at McCoys Bridge 
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 Goulburn River at McCoys Bridge, excluding inter-valley trade 
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 Goulburn River at McCoys Bridge, excluding inter-valley trade and environmental water deliveries 
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 Murrumbidgee at Balranald 
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 Goulburn River tributary: Broken River at Gowangardie 
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 Goulburn River tributary: Seven Creeks at Euroa 
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 Goulburn River tributary: Castle Creek at Arcadia 
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 Goulburn River tributary: Pranjip Creek at Moorilim 
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