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Executive summary 
Since mid-2018 there has been significant progress made to increase compliance culture and 
enforcement of water extraction rules, particularly in the northern Murray–Darling Basin. 
This includes improvements to Basin State monitoring requirements, strengthening reporting and 
compliance frameworks, clarifications on metering standards and a start to the implementation of 
initiatives and recommendations for the use of innovative technologies. Work-to-date represents a 
significant improvement in compliance and the systems that support it. 

In terms of improvements to the use of innovative technologies the MDBA has built capacity to 
access, analyse and apply Basin-wide European Space Agency (ESA) ‘Sentinel-2’ satellite imagery for 
use in compliance, ecological mapping and general landscape monitoring including the ability to 
couple the imagery to gauge data to track the progress of individual flows. This greatly strengthens 
the MDBA’s ability to act as regulator in partnership with State Authorities and provide a robust 
information base to progress Basin-scale water policy improvement. 

This report presents the results of a large-scale monitoring of ‘first flush’ flows in the Namoi, 
Macquarie and Warrego catchments that occurred in mid-2019, resulting from widespread rainfall, 
and so-called as this flow represented the first to have occurred in these catchments for a significant 
time. The flows in the Namoi and Macquarie were subject to an s.324 flow extraction embargo by 
the NSW Government to protect the flow, and maximize the resulting socio-economic, cultural and 
environmental benefit. The embargo would allow flows to pass unhindered through the catchments, 
into the Barwon–Darling, and further downstream. 

MDBA used open and publicly available Sentinel-2 imagery from ESA and gauge flow data to track the 
flow progress and monitor the surrounding landscape from before and during the flow extraction 
embargo. MDBA also tracked the progress of the Warrego flow for eco-hydrological information. 

In summary across the Namoi:  

• 158 large (>1ha) private storages were seen to fill by at least 10% of their area after the flow 
arrived but before the flow embargo began, 48 of which filling by more than 50%.  

• An additional 29 (>1ha) filled by at least 10% each during the course of the flow embargo.  
• These storages total 32% of currently mapped large storages in the Namoi and comprise 491 

Ha of inundated area stored in this catchment. 

Across the Macquarie:  

• 22 large (>1ha) private storages were seen to fill by at least 10% of their area after the flow 
arrived but before the flow embargo began.  

• An additional three filled by at least 10% each during the course of the flow embargo.  
• These comprise 11% of all mapped large storages in the Macquarie and total 59 Ha of 

inundated storage area captured during the flow event. 

This capture does not include that associated with smaller storages (<1 ha) or any flow intercepted 
on the floodplain by landscape modification. The total inundation area as measured in this work 
would hence be a conservative total when considering these other sources of interception, that are 
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seen to occur in the imagery in addition to the larger storages presented here. The information was 
summarized as GIS spatial information and provided to the NSW Natural Resource Access Regulator 
(NRAR) for further investigation.  

This observed capture would have led to a reduction in resulting river flow that would otherwise 
have continued to flow on and into the Barwon-Darling and towards Menindee Lakes.  

Importantly the physical method by which the water was moved into these storages cannot be 
determined from the imagery or the analysis methods applied here, as this can be a mixture of 
gravity-feed, pumping or through past modification of the landscape to lead to capture whenever 
overland flow occurs, any of which would allow for flow capture during this event. It is not possible 
to tell from satellite imagery whether the capture of water was illegal, there are many reasons why a 
water storage could have filled which is why it is important for on-ground follow up work for 
compliance purposes. 

The work presented here has shown that significant flow interception occurred after the flow arrived 
yet prior to the embargo coming into effect in both the Namoi and Macquarie catchments.  
This highlights that temporary flow extraction embargoes are unlikely to be the most effective means 
to protect such flows of critical importance to local ecology and downstream communities, especially 
if those flows are already en-route.  

Other options such as the implementation of a rule which is designed to protect such a ‘first flush’ 
flow would have had a much higher chance of allowing the flow to pass unhindered through the 
landscape, with any breach becoming a compliance issue for further investigation. Considering the 
widespread capture and extraction that did occur as these flows progressed, the resulting impact on 
downstream flow into the Barwon–Darling is significant, and hence can be considered to have greatly 
limited the its ability to assist downstream communities and local ecology during this critical time. 

Such ‘first flush’ (i.e. resumption of flow) rules are being considered for the Barwon–Darling Water 
Resource Plan, to provide for more protection for such ‘drought-breaker’ flows in that catchment. 
This work has shown that similar protections to the networked and interconnected tributaries of the 
Barwon-Darling should also be considered. This work to monitor the mid-2019 first flush flows 
provides insight into the difference a ‘first flush’ rule would have during such a dry time when 
adequate protection of critical flows is paramount. The work also highlights the need to map the 
presence and impact of floodplain structures on Northern Basin flows. 
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Introduction 
The Murray–Darling Basin covers an area greater than a million square kilometers, including 
extremely diverse landscapes and is home to more than two million people. Terrain varies from the 
heavily forested upland areas of Northern Victoria, the arid and open deserts of North Western New 
South Wales (NSW) and extensive irrigation areas located on the tributaries of the Barwon–Darling. 
Any program designed to produce regular and routine monitoring of such a varied landscape would 
need to be carefully considered, built and tailored, with no single approach being enough, with the 
science and its application being as diverse as the landscape itself.  

The role of the MDBA is to provide Basin-wide information, to act as regulator of the Basin Plan, and 
assist, the various Basin State Governments managing the Basin’s water resources for socio-
economic, environmental and cultural outcomes. With prospects of a far drier future, the need to 
use science to improve water management policy and more efficient use of water for all, with 
compliance to the rules, is more important than ever. Providing a Basin-wide perspective to 
supplement State information is critical, with remote sensing providing a robust, regular and 
repeatable method for direct application.  

During 2018–2019, the MDBA has continued to observe and support improvements to Basin state 
compliance frameworks, reporting and monitoring, and further develop its regulatory capability and 
culture. These improvements are aimed at increasing community confidence in the effective 
regulation of the Basin. Further information about the ongoing reforms in response to the various 
compliance reviews of 2017–2018 will be available in the first annual Compact Assurance Report, 
which will be published in December 2019.  

Since mid-2018 the MDBA has also been building capacity to access and apply remote sensing 
technology to monitor (in a largely automated fashion) the whole Basin using free, open and public 
satellite imagery and carefully tailored data products. A very large amount of information is available 
for use from previous and existing remote sensing programs, with the MDBA choosing to use imagery 
and data from both the ESA Sentinel-2 and USGS Landsat satellite programs to meet its needs. 
Further details and technical specifications of these two satellite programs, along with the reasons 
for their choice is to be found in MDBA 2018. 

The Murray–Darling Basin is currently undergoing an extensive drought, which has directly led to 
significant hardship for its people and ecology, particularly in the Northern Basin, and has had well 
publicised negative environmental, social and economic impacts. Such conditions affirm the need for 
better management of the Basin’s increasingly scarce water resources.  

In late March and early April 2019 ex-tropical cyclone Trevor moved south leading to significant 
rainfall over areas of the Northern Basin, particularly in the upper parts of the Warrego catchment, 
with additional rain falling in the upper reaches of the Namoi and Macquarie at the same time.  
This was the first significant rain to fall in these regions for an extended period and led to much 
needed inflow. These ‘first flush’ flows have significant ecological significance, providing resilience 
and refuge for native flora and fauna to survive any subsequent return to dry conditions. They also 
provide important information on the hydrological behavior of a catchment, allowing study into how, 
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why and where the flow inundates the landscape, helping increase knowledge to apply in planning 
environmental flows to support Basin ecology. 

For the Namoi and Macquarie catchments, and recognising the critical importance of these first flush 
flows, the NSW Government imposed a temporary embargo on extraction from 1/4/2019 to 
7/5/2019, which would help the flow to move through the landscape and along the rivers 
unimpeded, maximising their wider local benefit.  

These flows provided an opportunity to further apply the MDBA’s remote sensing capacity to track 
the flows and monitor their behavior, particularly in respect to: 

• helping understand the hydrological behavior of these catchments and the movement of 
water across the landscape under dry conditions 

• helping ensure any observed extraction or flow capture during the time of extraction 
embargo can be referred to relevant authorities 

• further helping make the case of the utility of remote sensing for compliance and provide 
data and tools to build an automated and routine monitoring program, and 

• provide a ‘dress rehearsal’ to study in detail the ecological, hydrological, socio-economic and 
cultural responses to the next significant Northern Basin flow, aka the ‘drought-breaker’. 

As the landscape was dry, the majority of private storages across the catchments were empty.  
Any flow extracted into, or captured and funneled into, those empty storages would be clearly seen 
from the satellite imagery. If the storage was filled during the period of flow embargo, then the 
imagery and supporting information will be provided to compliance officers as one line of evidence 
to consider for further investigation. This imagery, coupled with monitoring of the river flows as 
measured by on-ground gauges, provides a powerful tool for Basin-wide compliance and ecological 
monitoring, as first outlined in MDBA 2018. 

This report outlines the results of monitoring these first flush flows across the Warrego, Namoi and 
Macquarie catchments and provides information on the flow behavior and apparent capture.  
The results were summarized and passed onto compliance officers at the NSW Natural Resource and 
Access Regulator (NRAR) for further consideration and investigation. 

Sentinel data and analysis methods 
Analysis of satellite imagery provides valuable information to study the current appearance and 
general landscape changes across areas as large as the Murray-Darling Basin, both spatially and 
temporally. Since mid-2018 the MDBA has been developing the capability to access and analyse 
Basin-wide satellite imagery for a range of needs, which includes: 

• monitoring individual environmental flow events to study hydrologic behaviour as well as 
neighbouring landscape changes (as per the subject of this report, as well as MDBA 2018) 

• mapping the extent and condition of native vegetation at a site and catchment-scale 
• producing Basin-wide annual summaries to track broad landscape changes through time in 

terms of open water extent and vegetation extent 
• assisting with efforts to map and understand the presence and growth of private storages in 

the landscape over time, and  
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• producing maps and other communication products for information to stakeholders. 

The MDBA has chosen the European Space Agency Sentinel-2a and Sentinel-2b satellite pair to 
provide the bulk of the imagery information for use in the above work programs. This is due to: 

• the high native resolution of the imagery (10m pixels, providing detailed information) 
• the significant scientific utility of the hyperspectral 13-band data 
• the fast return period (five days, providing many images covering any given flow event), and 
• the data is provided freely and openly by the European Space Agency with known 

provenance, through the Australian National University (ANU) National Computing 
Infrastructure (NCI) supercomputer.  

The data covers the whole world and is an excellent choice to supplement the longer archive data 
from the USGS Landsat satellites. The MDBA downloads Basin-wide imagery as available from the 
NCI, within a day of it being taken by the satellite, mosaicked and stored in-house for further analysis 
when required. Full details of these satellites, and their technical details can be found in MDBA 2018, 
or the ESA and USGS websites. 

Areas of interest & available dates 
The imagery for the three catchments was taken from the MDBA’s Basin-wide dataset and split into 
several subsections, defined by the presence of a major reliable gauge. The following process was 
followed for each catchment: 

1. A 15km buffer was generated around the major rivers in each catchment, including 
significant creeks.  

2. The buffers in each catchment were then divided into several zones (sub-catchments).  
3. Each sub-catchment zone has a major reliable river gauge at both the start and end, which 

allows the spatial data to be compared to hydrological inflows and outflows for each zone.  
4. Each was then available for analysis in turn. 

The spatial extent of each sub-catchment zone is as follows:  

1. Namoi Zones: 
a. Zone 1 – Downstream Keepit Dam to Turrawan 
b. Zone 2 – Turrawan to D/S Gunidgera Weir 
c. Zone 3 – Downstream Gunidgera Weir to Bugilbone 
d. Zone 4 – Bugilbone to Walgett 

2. Macquarie Zones: 
e. Zone 1 – Dubbo to D/S Warren Weir 
f. Zone 2 – Downstream Warren Weir to Gibson Way 
g. Zone 3 – Gibson Way to Geera 

 
3. Warrego Zones: 

h. Zone 1 – Wyandra to Barringun 
i. Zone 2 – Barringun to Louth 
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Table 1, 2 and 3 outlines for each of these zones the dates for which Sentinel-2a and Sentinel-2b 
imagery data was available. The tables also provide an indication of how much cloud cover was 
present on that image and hence an estimate of usefulness for analysis. For each zone the most 
useful image dates were used to help conclude whether changes in the presence of water can be 
seen before the start, after the start and during the flow embargo. 

Table 1: Available Sentinel satellite imagery for the Namoi zones as analysed for this work, along with an indication of 
whether the image was suiable for analysis. 

Namoi catchment 

Zone Date Cloud Suitable for analysis? 

1 16/3/2019 Partly cloudy No 

1 21/3/2019 Clear Yes 

1 26/3/2019 Cloudy No 

1 31/3/2019 Clear Yes 

1 5/4/2019 Scattered clouds Yes 

1 10/4/2019 Clear Yes 

1 20/4/2019 Clear Yes 

1 25/4/2019 Partly cloudy Yes 

1 30/4/2019 Cloudy No 

1 5/5/2019 Partly cloudy Yes 

2 19/3/2019 Scattered clouds Yes 

2 24/3/2019 Partly cloudy Yes 

2 29/3/2019 Partly cloudy Yes 

2 3/4/2019 Clear Yes 

2 8/4/2019 Scattered clouds Yes 

2 13/4/2019 Scattered clouds Yes 

2 18/4/2019 Clear Yes 

2 23/4/2019 Cloudy No 

2 28/4/2019 Clear Yes 

2 3/5/2019 Cloudy No 

3 19/3/2019 Clear Yes 
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Namoi catchment 

Zone Date Cloud Suitable for analysis? 

3 24/3/2019 Clear Yes 

3 29/3/2019 Cloudy No 

3 3/4/2019 Clear Yes 

3 8/4/2019 Clear Yes 

3 13/4/2019 Clear Yes 

3 18/4/2019 Clear Yes 

3 23/4/2019 Cloudy No 

3 28/4/2019 Clear Yes 

3 3/5/2019 Cloudy No 

4 19/3/2019 Clear Yes 

4 24/3/2019 Cloudy No 

4 29/3/2019 Cloudy No 

4 3/4/2019 Clear Yes 

4 8/4/2019 Clear Yes 

4 13/4/2019 Clear Yes 

4 18/4/2019 Clear Yes 

4 23/4/2019 Partly cloudy No 

4 28/4/2019 Clear Yes 

4 3/5/2019 Cloudy No 

 

Table 2: Available Sentinel satellite imagery for the Macquarie zones as analysed for this work, along with an indication of 
whether the image was suiable for analysis. 

Macquarie catchment 

Zone Date Cloud Suitable for analysis? 

1 19/3/2019 Clear Yes 

1 24/3/2019 Cloudy No 

1 29/3/2019 Cloudy No 
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Macquarie catchment 

Zone Date Cloud Suitable for analysis? 

1 3/4/2019 Clear Yes 

1 8/4/2019 Cloudy No 

1 13/4/2019 Cloudy No 

1 18/4/2019 Clear Yes 

1 23/4/2019 Cloudy No 

1 28/4/2019 Clear Yes 

1 3/5/2019 Cloudy No 

1 8/5/2019 Clear Yes 

2 19/3/2019 Clear Yes 

2 24/3/2019 Cloudy No 

2 3/4/2019 Clear Yes 

2 8/4/2019 Scattered clouds Yes 

2 13/4/2019 Cloudy No 

2 18/4/2019 Clear Yes 

2 23/4/2019 Cloudy No 

2 28/4/2019 Clear Yes 

2 3/5/2019 Cloudy No 

2 8/5/2019 Clear Yes 

2 13/5/2019 Partly cloudy No 

3 19/3/2019 Scattered clouds Yes 

3 24/3/2019 Cloudy No 

3 29/3/2019 Cloudy No 

3 3/4/2019 Clear Yes 

3 8/4/2019 Clear Yes 

3 13/4/2019 Cloudy No 

3 18/4/2019 Clear Yes 
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Macquarie catchment 

Zone Date Cloud Suitable for analysis? 

3 23/4/2019 Partly cloudy No 

3 28/4/2019 Clear Yes 

3 3/5/2019 Cloudy No 

3 8/5/2019 Clear Yes 

3 13/5/2019 Cloudy No 

 

Table 3: Available Sentinel satellite imagery for the Warrego zones as analysed for this work, along with an indication of 
whether the image was suiable for analysis. 

Warrego catchment 

Zone Date Cloud Suitable for analysis? 

1 17/3/2019 Clear Yes 

1 27/3/2019 Partly cloudy Yes 

1 6/4/2019 Clear Yes 

1 11/4/2019 Clear Yes 

1 16/4/2019 Clear Yes 

1 21/4/2019 Cloudy No 

1 26/4/2019 Clear Yes 

1 1/5/2019 Cloudy No 

2 17/3/2019 Partly cloudy Yes 

2 27/3/2019 Clear Yes 

2 1/4/2019 Clear Yes 

2 6/4/2019 Clear Yes 

2 11/4/2019 Clear Yes 

2 16/4/2019 Clear Yes 

2 21/4/2019 Cloudy No 

2 26/4/2019 Clear Yes 

2 1/5/2019 Cloudy No 
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Analysis techniques:  
Water detection  
There are multiple methods available to use the hyperspectral information present from the 13-
bands of Sentinel-2 data to reveal the presence and movement of water in the landscape. Two of the 
most accepted and universally used methods are the Normalised Difference Water Index (NDWI) and 
Modified Normalised Difference Water Index (MNDWI), explained in more detail in MDBA 2018, both 
of which were used for this work.  

Both water-detection indices carry inherent pros and cons, so using a combination of both is very 
useful to provide a robust measure of water presence in the landscape, with MNDWI particularly 
producing good results if the water is highly turbid, as was the case for these flows. The techniques 
and methods applied within MDBA 2018 have been further automated and expanded upon for the 
analysis presented in this report.  

To determine how the flow progressed through the Namoi, Warrego and Macquarie catchments, 
Sentinel-2a and 2b imagery taken during the course the flow was analysed, for each sub-catchment 
zone as described above and for each image date as seen in Tables 1, 2, and 3. Imagery that was 
classified as having a significant degree of cloud was discarded from the analysis, to prevent cloud 
and cloud shadow being misidentified as water and artificially skewing the results.  

For each image for each sub-catchment zone the surface area of water was calculated by setting 
either an NDWI threshold of 0 or and MNDWI threshold of 0.1. These thresholds were chosen to 
avoid the misclassification of cloud as water in images with thin or sparse cloud cover. Any area with 
a value NDWI > 0 or MNDWI > 0.1 was classified as comprising water. This method has previously 
been used in MDBA 2018 and in academic literature (i.e. Du et al., 2016, Xu, H 2006).  

As the focus of this analysis is to check for extraction of water and the presence of water in storages 
during the period of embargo a ‘storage’ GIS layer was used to limit the analysis to those features. 
The layer was derived from Geoscience Australia’s (GA) Surface Hydrology polygon dataset, which is 
an aggregation of data supplied from various sources (Geoscience Australia, 2015).The layer would 
not capture every storage present in the landscape, rather the storages detected by the chosen 
method. Neither would it include storages that may have been built since 2015, when the layer was 
created, but nevertheless it represents a detailed dataset upon which refinements can be made in 
due course.  

The surface area of water within the as-mapped storages was found using the NDWI>0 or MNDWI 
>0.1 criteria and measured in hectares for each relevant satellite image. This allows measurement of 
how the area of water in private storages changes as a function of time. 

An example of changes seen by comparing two images using colour imagery, NDWI and MNDWI is 
shown in Figures 1, 2 and 3 below. The presence and change to the presence of water is clearly 
visible, with MNDWI being more suitable for detecting the presence of highly turbid water. Also note 
the significant flow capture on the surrounding floodplain of this particular property. 



 

 
Murray–Darling Basin Authority  Monitoring ‘first flush’ flows in the Namoi, Macquarie and Warrego Rivers            11 
 

Figure 1: Example colour Sentinel imagery for an example storage seen to fill in the Namoi catchment, as seen on the  
31 March and 5 April 2019.  

 
Figure 2: NDWI imagery for the same example storage above that was seen to fill in the Namoi catchment, by comparing 
imagery taken on the 31 March and 5 April 2019. 

 
Figure 3: Example MNDWI imagery for the same example storage seen to fill in the Namoi catchment, as seen on the  
31 March and 5 April 2019. Note the improvement in the detection of turbid water with MNDWI, also the significant 
floodplain interception present on this property in addition to flow entering the storage itself. 

 

Image differencing 
To detect changes in the presence of water within the storages in an automated way, an image 
subtraction method was applied. By taking two NDWI or MNDWI images covering the same patch of 
ground taken at different times and subtracting them, examining the resulting differences (or image 
residuals) can reveal if any changes have occurred.  
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Such ’residual’ images were produced for relevant pairs of images for each subsection zone by 
subtracting images of an earlier date from a later date with the significance of the residual being 
studied and any changes flagged for visual inspection.  

In order to determine what comprised a ‘significant’ change, a statistical threshold was set. 
If the NDWI/MNDWI difference between the two dates was >5 standard deviations over the mean, 
then a ‘real’ change was flagged for visual inspection. A group of highly correlated pixels displaying 
this significance of change have a very small probability of being randomly generated, especially if 
clustered. This method produced imagery that highlighted the areas with significant changes and is a 
simple but effective means to determine landscape change over large areas. 

The image residual analysis presented in this report was carried out by MDBA with input and 
guidance from the remote sensing capacity within the NSW Natural Resource and Access Regulator 
(NRAR), to which the results were provided. 

Gauge data & flow tracking 
Observed flow data is also an important component of information to aid in tracking the progress of 
an event and is the second component of analysis carried out for this work. It provides context to the 
imagery, helping interpret the results of the image analysis, as well as directly measuring the 
progress of the flow with its properties through the river system. In other words, gauge data shows 
where and when the flow was present to couple with where and when to look using the satellite 
imagery.  

At each of the available reliable gauges along the river, the observed flow data can be used to 
measure event properties such as the peak flow rate, the total event volume, the day when the 
event first reached a gauge and the duration of the flow event. It provides critical information to be 
used for compliance purposes in conjunction with satellite imagery.  

For this report, gauge flow data was studied at 31 gauges across the Namoi, Macquarie and Warrego 
catchments throughout the months of March, April and May 2019, to couple with the imagery 
outlined in Tables 1, 2 and 3.  

In the Namoi catchment, a total of 12 gauges were used to analyse observed flow data, with a 
further 12 in the Macquarie and seven in the Warrego. The location of the gauges used for this work 
(highlighted yellow) in the three catchments can be seen in Figures 4, 5 and 6 below. 
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Figure 4: Location of gauges in the Namoi catchment, gauges used for this work are highlighted in yellow. 

 

Figure 5: Location of gauges in the Macquarie catchment, gauges used for this work are highlighted in yellow. 
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Figure 6: Location of gauges in the Warrego catchment, gauges used for this work are highlighted in yellow. 

 

By combining the available gauge flow information to the available satellite imagery using the 
methods described above, the flow event can be tracked as it makes its way through the landscape 
and event property changes calculated.  
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Results 
Namoi River 
Hydrology  
The flow event was first recorded on the Namoi River at the Boggabri gauge, indicating that a large 
portion of the event likely originated in Cox’s Creek or from local rainfall in that vicinity.  
At Boggabri, zero flows were persistent for over a month before the event, which arrived on  
30 March and averaged 360 ML/d on that day. The event then peaked at 2,100 ML/d on 31 March 
and continued to travel downstream to Walgett, with significant attenuation in peak between 
Goangra and Walgett.  

A small flow was also recorded at Gunnedah, which is upstream of Boggabri, indicating that some of 
the event may also have originated from the Peel and/or Mookie Rivers. This event was small in 
comparison, peaking at 210 ML/d at Gunnedah.  

An event also arrived at Bullawa, also on 30 March which is believed to have originated from Coghill 
Creek or from local rainfall. This peaked at 1,500 ML/d on 31 March and also continued downstream 
to Walgett. The hydrograph below (Figure 7) shows the as-measured event in the Namoi at various 
gauges throughout the system and Table 4 summarises the key parameters of the flow event at these 
various gauges. 

Figure 7: Hydrograph displaying flow event properties as measured in the Namoi catchment. 
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Table 4: Flow properties as measured in the Namoi catchment. 

Site Start Date End Date Duration 
(days) 

Peak Flow 
(ML/d) 

Volume (GL) 

Gunnedah 30/03/2019 8/04/2019 9 210 0.6 

Boggabri 30/03/2019 11/04/2019 12 2,105 3.4 

Turrawan 30/03/2019 7/04/2019 8 870 2.2 

Mollee 1/04/2019 11/04/2019 10 860 2.4 

DS Gunidgera 3/04/2019 12/04/2019 9 420 1.1 

Weeta Weir 4/04/2019 14/04/2019 10 220 0.8 

Bullawa 30/03/2019 3/04/2019 4 1,490 2.5 

Bugilbone 2/04/2019 24/04/2019 22 960 3.1 

Yarraldool 3/04/2019 29/04/2019 26 720 2.7 

Goangra 6/04/2019 29/04/2019 23 450 2.0 

Walgett 11/04/2019 3/05/2019 22 190 1.6 

Changes seen in the landscape 
The GA private storages layer includes 599 storages >1 ha in size across the Namoi that were 
monitored for this work. Smaller storages are also included in the layer but were not included in the 
analysis as these are considered more likely to be associated with stock and domestic use, which was 
not covered by the flow embargo. 

The following subsections provide information for each of the large storages that were seen to fill for 
each zone in turn. A general trend was seen whereby the largest number of storages seen to fill were 
present in more upstream parts of the catchment. 

Importantly the physical method by which the water was moved into these storages cannot be 
determined from the imagery or the analysis methods applied here, as this can be a mixture of 
gravity-feed, pumping or through past modification of the landscape to lead to capture whenever 
overland flow occurs, any of which would allow for flow capture during this event. It is not possible 
to tell from satellite imagery whether the capture of water was illegal, there are many reasons why a 
water storage could have filled which is why it is important for on-ground follow up work for 
compliance purposes. 

Namoi Zone 1 
The GA private storages layer contains 164 large private storages for zone 1 >1 ha in size. For this 
zone, there were three periods within which changes were measured in the landscape, due to the 
good availability of satellite images. These periods are as follows and had the following main results: 
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1. 21/3/2019 to 31/3/2019: Representing a period after the flow arrived but before the 
embargo began. 

a. 65 large storages were seen to undergo an increase in inundated area. Of these, 44 
increased between 10% and 50% of their area, and 21 increased by more than 50% 
of their area. 

b. Table 5 provides summary location, size, percentage filled and colour imagery for the 
21 storages which underwent a >50% increase in inundation between these dates. 
The remaining storages that filled between 10% and 50% are included in Appendix A.  
 

2. 31/3/2019 to 10/4/2019: Representing a period the day before the embargo until 10 days 
after the embargo began. 

a. Three large storages were seen to undergo an increase in inundated area. Of these, 
two increased between 10% and 50% of their area, and one increased by more than 
50% of its area. 

b. Table 6 provides summary location, size, percentage filled and colour imagery for the 
one large storage which was seen to undergo a >50% increase in inundation between 
these dates. The remaining storages that filled between 10% and 50% are included in 
Appendix A. 
 

3. 10/4/2019 to 5/5/2019: Representing a period fully within the embargo. 
a. 24 large storages were seen to undergo an increase in inundated area. Of these, 23 

increased between 10% and 50% of their area, and 1 increased by more than 50% of 
its area. 

b. These storages are all summarised in Appendix B. 

Table 5: Key properties and-colour imagery for large storages seen to undergo a >50% increase in inundation for zone 1 
after the flow arrived but before the embargo began. 

Storage 
ID 

Latitude Longitude Total 
area 

% 
filled 

Total 
area 
filled 

Image 1 
(21/3/2019) 

Image 2 
(31/3/2019) 

N_Z1_01 -30.4XXX 149.9XXX 23.3 56.0 13.1 
  

N_Z1_02 -31.5XXX 150.2XXX 22.7 77.1 17.5 
  

N_Z1_03 -30.8XXX 150.2XXX 21.1 64.6 13.7 
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Storage 
ID 

Latitude Longitude Total 
area 

% 
filled 

Total 
area 
filled 

Image 1 
(21/3/2019) 

Image 2 
(31/3/2019) 

N_Z1_04 -30.8XXX 150.0XXX 2.5 56.3 1.4 

 
 

N_Z1_05 -31.0XXX 150.4XXX 4.7 87.3 4.1 

 

 

N_Z1_06 -30.6XXX 149.9XXX 1.3 64.0 0.8 

 

 

N_Z1_07 -30.9XXX 150.0XXX 1.9 78.1 1.5 

  

N_Z1_08 -30.7XXX 150.2XXX 1.8 62.2 1.1 

 

 

N_Z1_09 -31.0XXX 150.4XXX 13.6 58.5 7.9 

 

 

N_Z1_10 -30.6XXX 150.0XXX 4.0 59.2 2.4 

  

N_Z1_11 -30.7XXX 150.1XXX 9.6 58.6 5.6 

 

 



 

 
Murray–Darling Basin Authority  Monitoring ‘first flush’ flows in the Namoi, Macquarie and Warrego Rivers            19 
 

Storage 
ID 

Latitude Longitude Total 
area 

% 
filled 

Total 
area 
filled 

Image 1 
(21/3/2019) 

Image 2 
(31/3/2019) 

N_Z1_12 -30.8XXX 150.1XXX 2.2 56.5 1.2 

 

 

N_Z1_13 -31.2XXX 150.4XXX 1.1 65.1 0.7 

 

 

N_Z1_14 -30.6XXX 150.0XXX 5.1 72.0 3.7 

 

 

N_Z1_15 -30.9XXX 150.5XXX 4.1 59.0 2.4 

 

 

N_Z1_16 -30.8XXX 150.0XXX 6.6 89.9 5.9 

 

 

N_Z1_17 -31.0XXX 150.4XXX 10.6 61.4 6.5 

 

 

N_Z1_18 -30.5XXX 150.0XXX 2.4 85.2 2.1 
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Storage 
ID 

Latitude Longitude Total 
area 

% 
filled 

Total 
area 
filled 

Image 1 
(21/3/2019) 

Image 2 
(31/3/2019) 

N_Z1_19 -30.7XXX 150.2XXX 1.7 58.2 1.0 

 

 

N_Z1_20 -30.9XXX 150.2XXX 1.2 59.1 0.7 

 

 

N_Z1_21 -31.0XXX 150.0XXX 4.9 81.9 4.0 

 

 

 

Table 6: Key properties and-colour imagery for large storage seen to undergo a >50% increase in inundation for zone 1 at 
the start of the embargo. This storage is considered high priority for further investigation, and is also represented in Figures 
1, 2 and 3. 

Namoi Zone 2 
The GA private storages layer contains 194 large private storages for zone 2 >1 ha in size. For this 
zone, two periods were used within which changes were measured in the landscape. These periods 
are as follows and had the following main results: 

1. 24/3/2019 to 3/4/2019: Representing a period after the flow arrived until just after the 
embargo began. 

a. 58 large storages were seen to undergo an increase in inundated area. Of these, 44 
increased between 10% and 50% of their area, and 14 increased by more than 50% 
of their area. 

Storage 
ID Latitude Longitude 

Total 
area 
(ha) 

% 
filled 

Total 
area 
filled 
(ha) 

Image 1 
(31/3/2019) 

Image 2 
(10/4/2019) 

N_Z1_01 -30.78XXX 150.0XXX 13.1 76.5 10.0 
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b. Table 7 provides summary location, size, percentage filled and colour imagery for the 
14 storages which underwent a >50% increase in inundation between these dates. 
The remaining storages that filled between 10% and 50% are included in Appendix A.  
 

2. 3/4/2019 to 28/4/2019: Representing a period fully within the embargo. 
a. Four large storages were seen to undergo an increase in inundated area. Of these, all 

increased between 10% and 50% and are summarised in Appendix B. 

Table 7: Key properties and-colour imagery for large storage(s) seen to undergo a >50% increase in inundation for zone 2. 

Storage 
ID Latitude Longitude 

Total 
area 
(ha) 

% 
filled 

Total 
area 
filled 
(ha) 

Image 1 
(24/3/2019) 

Image 2 
(3/4/2019) 

N_Z2_01 -30.2XXX 149.6XXX 13.9 63.7 8.9 

  

N_Z2_02 -30.6XXX 149.9XXX 5.1 67.3 3.4 

 

N_Z2_03 -30.2XXX 149.4XXX 3.7 65.1 2.4 

  

N_Z2_04 -30.7XXX 149.8XXX 1.6 96.4 1.5 

  

N_Z2_05 -30.3XXX 149.8XXX 1.2 67.3 0.8 

  

N_Z2_06 -30.2XXX 149.4XXX 3.5 85.8 3.0 
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Storage 
ID Latitude Longitude 

Total 
area 
(ha) 

% 
filled 

Total 
area 
filled 
(ha) 

Image 1 
(24/3/2019) 

Image 2 
(3/4/2019) 

N_Z2_07 -30.2XXX 149.6XXX 9 50.9 4.6 
  

N_Z2_08 -30.7XXX 149.8XXX 1.5 81.8 1.2 

  

N_Z2_09 -30.1XXX 149.4XXX 7.4 53.3 3.9 

  

N_Z2_10 -30.4XXX 149.6XXX 3.7 66.0 2.4 

  

N_Z2_11 -31.2XXX 149.8XXX 4.8 56.7 2.7 

  

N_Z2_12 -30.3XXX 149.9XXX 1.8 62.4 1.1 

  

N_Z2_13 -30.3XXX 149.5XXX 7 53.0 3.7 

  

N_Z2_14 -30.9XXX 149.8XXX 2.5 81.5 2.0 
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Namoi Zone 3 
The GA private storages layer contains 212 large private storages for zone 3 >1 ha in size. For this 
zone, two periods were used within which changes were measured in the landscape. These periods 
are as follows and had the following main results: 

1. 24/3/2019 to 8/4/2019: Representing a period after the flow arrived until after the embargo 
began. 

a. 34 large storages were seen to undergo an increase in inundated area. Of these, 22 
increased between 10% and 50% of their area, and 12 increased by more than 50% 
of their area. 

b. Table 8 provides summary location, size, percentage filled and colour imagery for the 
12 storages which underwent a >50% increase in inundation between these dates. 
The remaining storages that filled between 10% and 50% are included in Appendix A.  
 

2. 8/4/2019 to 28/4/2019: Representing a period fully within the embargo. 
a. One large storage was seen to undergo an increase in inundated area, which is 

summarised in Appendix B. 

Table 8: Key properties and-colour imagery for large storage(s) seen to undergo a >50% increase in inundation for zone 3. 

Storage 
ID Latitude Longitude 

Total 
area 
(ha) 

% 
filled 

Total 
area 
filled 
(ha) 

Image 1 
(24/3/2019) 

Image 2 
(8/4/2019) 

N_Z3_01 -30.3XXX 149.0XXX 30.7 61.4 18.8 

  

N_Z3_02 -30.3XXX 149.0XXX 14.8 65.6 9.7 

  

N_Z3_03 -30.3XXX 149.0XXX 7.3 64.1 4.7 

  

N_Z3_04 -30.2XXX 149.1XXX 45.6 87.4 39.9 
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Storage 
ID Latitude Longitude 

Total 
area 
(ha) 

% 
filled 

Total 
area 
filled 
(ha) 

Image 1 
(24/3/2019) 

Image 2 
(8/4/2019) 

N_Z3_05 -30.2XXX 149.2XXX 15.2 68.4 10.4 

  

N_Z3_06 -30.4XXX 149.1XXX 3.7 61.7 2.3 

  

N_Z3_07 -30.2XXX 149.3XXX 6.3 53.6 3.4 

N_Z3_08 -30.3XXX 149.0XXX 5.5 51.7 2.8 
 

N_Z3_09 -30.4XXX 148.9XXX 1.5 74.0 1.1 

  

N_Z3_10 -30.3XXX 149.0XXX 4.9 62.6 3.1 

  

N_Z3_11 -30.2XXX 149.3XXX 8.1 74.2 6.0 

  

N_Z3_12 -30.3XXX 149.0XXX 1.1 67.0 0.7 
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Namoi Zone 4 
The GA private storages layer contains 30 large private storages for zone 4 >1 ha in size. For this 
zone, two periods were used within which changes were measured in the landscape. These periods 
are as follows and had the following main results: 

1. 19/3/2019 to 13/4/2019: Representing a period before until after the embargo began. 
a. One large storage was seen to undergo an increase in inundated area, by more than 

50% of its area. 
b. Table 9 provides summary location, size, percentage filled and colour imagery for 

this storage. 
 

2. 13/4/2019 to 28/4/2019: Representing a period fully within the embargo. 
a. No further storages were seen to fill. 

Table 9: Key properties and-colour imagery for the single large storage seen to undergo a >50% increase in inundation for 
zone 4. 

Storage 
ID Latitude Longitude 

Total 
area 
(ha) 

% 
filled 

Total 
area 
filled 
(ha) 

Image 1 
(19/3/2019) 

Image 2 
(13/4/2019) 

N_Z4_01 -30.2XXX 148.8XXX 6.4 53.4 3.4 

  

Macquarie River 
The flow event in the Macquarie River that was monitored for this work arrived at Bullawa on  
30 March which is believed to have originated from Coghill Creek or from local rainfall. This event 
peaked at 1,500 ML/d on 31 March and flowed downstream to Walgett. The hydrograph below 
(Figure 12) shows the as-measured event in the Macquarie at various gauges throughout the system 
and Table 10 outlines the key parameters of the flow event at these various gauges. 

Hydrology 
The flow event was first recorded on the Macquarie River at the Baroona gauge, indicating that it 
likely originated in Talbragar River or from rainfall in that vicinity. At Baroona, the event began on  
2 April when flows increased from about 200 ML/d to 1,600 ML/d. The event then peaked at 2,600 
ML/d on 3 April and travelled down the Macquarie River. It passed Warren and Marebone and 
entered the Macquarie Marshes. Due to the braided network of channels through the Marshes, the 
flow spread out and greatly attenuated. However, small flows were still detected at many gauges 
along the main Macquarie channel within the Marshes.  
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The hydrograph below (Figure 8) shows the propagation of the event in the Macquarie catchment at 
various gauges throughout the system and Table 10 outlines the key parameters of the flow event at 
these gauges. 

Figure 8: Hydrograph displaying flow event properties as measured in the Macquarie catchment. 

 

Table 10: Flow properties as measured in the Macquarie catchment. 

Site Start Date End Date Duration 
(days) 

Peak Flow 
(ML/d) 

Volume (GL) 

Baroona 15/03/2019 20/04/2019 36 2,680 12.9 

Gin Gin 18/03/2019 18/04/2019 31 2,160 11.7 

Warren Weir 20/03/2019 27/04/2019 38 1,140 5.1 

DS Marebone 
Weir 

25/03/2019 7/05/2019 43 330 1.7 

Oxley Stn 6/04/2019 3/05/2019 27 240 1.1 

Gibson Way 15/04/2019 25/04/2019 10 10 0.0 

Pillicawarrina 11/04/2019 3/05/2019 22 120 0.6 

Miltara 19/04/2019 2/05/2019 13 10 0.1 

Brewon 
Bridge 

8/04/2019 15/04/2019 7 60 0.2 
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Changes in the landscape 
The GA private storages layer includes 204 storages >1 ha in size across the Macquarie that were 
monitored for this work. By applying the same methods as per the Namoi catchment, and by 
comparing available and suitable Sentinel imagery from just before to after the flow embargo it was 
found that 22 private storages filled (by more than 10%) during the passage of the flow to just after 
the embargo began, a much lower number than that seen in the Namoi. An additional three storages 
were seen to undergo change when comparing dates during the flow embargo. The following 
subsections provide information for total inundated area for each of the Macquarie zones in turn, as 
per the Namoi section above. 

Macquarie Zone 1 
The GA private storages layer contains 121 large private storages for zone 1 >1 ha in size. For this 
zone, two periods were used within which changes were measured in the landscape. These periods 
are as follows and had the following main results: 

1. 14/3/2019 to 3/4/2019: Representing a period before until after the embargo began. 
a. 16 large storages were seen to undergo an increase in inundated area. Of these, 15 

increased between 10% and 50% of their area, and 1 increased by more than 50% of 
their area. 

b. Table 11 provides summary location, size, percentage filled and colour imagery for 
the one storage which underwent a >50% increase in inundation between these 
dates. The remaining storages that filled between 10% and 50% are included in 
Appendix A.  
 

2. 3/4/2019 to 28/4/2019: Representing a period fully within the embargo. 
a. Two large storages were seen to undergo an increase in inundated area, which are 

summarised in Appendix B. 

Table 11: Key properties and-colour imagery for the single large storage seen to undergo a >50% increase in inundation for 
zone 1. 

Storage 
ID Latitude Longitude 

Total 
area 
(ha) 

% 
filled 

Total 
area 
filled 
(ha) 

Image 1 
(14/3/2019) 

Image 2 
(03/4/2019) 

M_Z1_01 -32.0XXX 148.1XXX 18.6 56.3 10.5 
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Macquarie Zone 2 
The GA private storages layer contains 56 large private storages for zone 2 >1 ha in size. For this 
zone, two periods were used within which changes were measured in the landscape. These periods 
are as follows and had the following main results: 

1. 19/3/2019 to 18/4/2019: Representing a period before until after the embargo began. 
a. No storages were seen to undergo an increase in inundated area during this period. 

 
2. 18/4/2019 to 28/4/2019: Representing a period fully within the embargo. 

a. 1 large storage was seen to undergo an increase in inundated area, which is 
summarised in Appendix B. 

Macquarie Zone 3 
The GA private storages layer contains 27 large private storages for zone 3 >1 ha in size. For this 
zone, two periods were used within which changes were measured in the landscape. These periods 
are as follows and had the following main results: 

1. 19/3/2019 to 3/4/2019: Representing a period before until after the embargo began. 
a. Seven large storages were seen to undergo an increase in inundated area. Of these, 

two increased between 10% and 50% of their area, and five increased by more than 
50% of their area, which includes two that are considered tail-water effects but 
included for completeness. 

b. Table 12 provides summary location, size, percentage filled and colour imagery for 
the five storages which underwent a >50% increase in inundation between these 
dates. The remaining two storages are included in Appendix A.  
 

2. 3/4/2019 to 28/4/2019: Representing a period fully within the embargo. 
a. No storages were seen to undergo an increase in inundated area during this period. 

 

Table 12: Key properties and-colour imagery for the single storages seen to undergo a >50% increase in inundation for  
zone 3. 

Storage 
ID Latitude Longitude 

Total 
area 
(ha) 

% 
filled 

Total 
area filled 

(ha) 

Image 1 
(19/3/2019) 

Image 2 
(03/4/2019) 

M_Z3_01 -30.6XXX 147.4XXX 1.0 60.3 0.6 

 
 

M_Z3_02 -30.4XXX 147.3XXX 1.5 67.1 1.0 
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Storage 
ID Latitude Longitude 

Total 
area 
(ha) 

% 
filled 

Total 
area filled 

(ha) 

Image 1 
(19/3/2019) 

Image 2 
(03/4/2019) 

M_Z3_03 -30.5XXX 147.6XXX 2.0 54.1 1.1 

 

 

M_Z3_04 -30.4XXX 147.5XXX 2.9 68.4 2.0 

 

 

M_Z3_05 -30.4XXX 147.5XXX 3.9 57.5 2.3 

  

Warrego River 
Hydrology 
Inspection of upstream gauges (not included here) indicated the majority of the flow originated in 
the Ward River and associated catchment from local rainfall in that area. At Wyandra, zero flows had 
persisted all year until the event arrived on 1 April and broke this lengthy dry spell.  

The flow peaked at Wyandra on 2 April at a significant 106,000 ML/d and travelled down the 
Warrego River. At the end of the Warrego system, the event was seen to arrive at Dick’s Dam with a 
peak of 735 ML/d on 19 May, it then continued further down the Darling River to Tilpa.  
The hydrograph below (Figure 9) shows the event properties in the Warrego at various gauges 
throughout the system with Table 13 outlining the key parameters of the flow event. 
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Figure 9: Hydrograph displaying flow event properties as measured in the Warrego catchment. 

 

Table 13: Flow properties as measured in the Macquarie catchment. 

Site Start Date End Date Duration 
(days) 

Peak Flow 
(ML/d) 

Volume (GL) 

Wyandra 1/04/2019 29/04/2019 28 106,400 362.4 

Wallen 2/04/2019 23/04/2019 21 81,970 292.6 

Cunnamulla 3/04/2019 22/04/2019 19 79,290 282.0 

Barrigun #2 8/04/2019 22/04/2019 14 5,520 27.4 

Fords Bridge 22/04/2019 14/05/2019 22 450 6.1 

Dick's Dam 23/04/2019 30/05/2019 37 740 21.4 

Changes in the landscape 
Unlike the Namoi and the Macquarie the flow in the Warrego was not subjected to an embargo.  
For this reason, the analysis was conducted from an eco-hydrology perspective rather than for 
compliance information, to understand the behaviour of the water as it moved though the 
landscape, where it flowed to and why. 

A large attenuation is observed in the flow between Cunnamulla and Barrigun. This results from the 
inundation of the wetlands systems between and around these gauges. Figure 10 shows the Warrego 
distributary wetlands downstream of Cunnamulla on 17 March and 6 April 2019, before and after the 
flow arrived.  
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Figure 10: the Warrego distributary wetlands on 17 March (left) and 6 April (right) 2019. These images are displayed in a 
false colour composite using Sentinel 2 bands 12, 11 and 4. Blue indicates open water and moisture. 

 

A large portion of the flow was observed to pass from the Warrego distributary wetlands into the 
Yantabulla Swamp, as shown in Figure 11, arriving on 11 April 2019. This represents the vast majority 
of the flow loss as seen in Figure 9 between the Cunnamulla and gauges downstream. 

Figure 11: Yantabulla Swamp on 4 March (left), 11 April (center) and 19 April (right) 2019. These images are desplayed in a 
false colour composite using Sentinel 2 bands 12, 11 and 4. Blue indicates open water and increased greenness. 

 

The Warrego distributary wetlands and the Yantabulla Swamp were not the only features observed 
to change as the flow passed down the Warrego River. Several large private storages were observed 
filling on 6 April 2019 as seen in Figure 12. These are summarised here with further smaller storages 
seen to fill presented in Appendix A. As there was no flow embargo in place for the Warrego this 
information is provided for completeness and for information only. 



 

 
Murray–Darling Basin Authority  Monitoring ‘first flush’ flows in the Namoi, Macquarie and Warrego Rivers            32 
 

Figure 12: MNDWI images showing three private storages adgacent to the Warrego River fill as the flow travles though. 
Image show before the flow on 17 March (left) and during on 6 April (right). 
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Summary and conclusions 
This report presents the results of a comprehensive monitoring and mapping program to track the 
progress and understand the properties of rainfall-fed flows that occurred in the Warrego, Namoi 
and Macquarie catchments in mid-2019. For all three catchments, these flows represented the first 
significant flow to occur for a lengthy period, hence these ‘first flush’ flows would provide significant 
benefit to both the environment and local communities.  

In recognition of this, the NSW Government placed a temporary embargo on extraction (s324 order 
under the NSW Water Management Act) to cover the progress of the flows through the Namoi and 
Macquarie catchments, in the hope such protection would allow the flow to pass relatively 
unimpeded through these catchments and into the Barwon–Darling, a region that has undergone a 
lengthy and costly dry period due to the current drought. 

This work monitored the progress of the flows using Sentinel-2 satellite imagery provided openly by 
the European Space Agency, with MDBA accessing the imagery through the ANU National Computing 
Infrastructure (NCI).  

The flows were monitored as they progressed and had relevant flow properties determined.  
As the flow in the Namoi and Macquarie were embargoed no sudden, significant or unexpected 
changes to the flow properties would be reasonably expected to occur. If they did, then the Sentinel 
imagery could be used to check why that has occurred. In addition, large private storages (>1ha area) 
were monitored to check for change during the event. This work represents an extension to the work 
undertaken in mid-2018 by the MDBA to monitor the Northern Connection Event, and represents 
significant progress being made since then to remotely sense flows across the Basin. 

Across the Namoi: 

• 158 large (>1ha) private storages were seen to fill by at least 10% of their area after the flow 
arrived but before the flow embargo began including 48 being filled by more than 50%.  

• An additional 29 (>1ha) seemingly filled by at least 10% during the flow embargo.  
• These storages total 32% of currently mapped large storages in the Namoi and comprise 

491 ha of inundated area stored in this catchment. 

Across the Macquarie:  

• 22 large (>1ha) private storages were seen to fill by at least 10% of their area from before the 
embargo period to after the embargo began.  

• An additional three more significantly sized storages seemingly filled by at least 10% during 
the flow embargo.  

• These all comprise 11% of all mapped large storages in the Macquarie and total 59 ha of 
inundated storage area captured during the flow event. 

This capture does not include that associated with smaller storages (<1ha) or any flow intercepted on 
the floodplain by landscape modification. The total inundation area as measured in this work would 
hence be a conservative total with the information summarized and provided to the  
NSW Natural Resource Access Regulator (NRAR) for further investigation. 
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Importantly the physical method by which the water was moved into these storages cannot be 
determined from the imagery or the analysis methods applied here, as this can be a mixture of 
gravity-feed, pumping or through past modification of the landscape to lead to capture whenever 
overland flow occurs, any of which would allow for flow capture during this event. It is not possible 
to tell from satellite imagery whether the capture of water was illegal, there are many reasons why a 
water storage could have filled which is why it is important for on-ground follow up work for 
compliance purposes. 

Efforts by the NSW Government to implement a temporary extraction embargo, while effective 
under some circumstances, are only valid from the date from which the embargo takes effect—in the 
case of these monitored flows this work indicates that there was significant extraction and flow 
interception that occurred prior to the embargo coming into effect. While a robust quantification of 
extracted flow volumes cannot be determined from satellite imagery without storage depth 
information, it follows that this widespread capture would have affected end of system flows at 
Walgett and further downstream to a significant degree—it is likely that the replenishment flow 
would have travelled further along the dry Barwon–Darling if the front of the Namoi flow event had 
been fully protected.  

These results highlight that temporary flow extraction embargoes are unlikely to be the most 
effective means to protect an en-route flow of critical importance to local ecology and downstream 
communities. Placing temporary restrictions on these types of events is resource-consuming and is 
not an enduring and predictable process. Other options such as implementing a rule to protect the 
first flow after a lengthy dry period would have had a much higher chance of stopping this extraction 
from occurring, with any breach becoming a compliance issue for further investigation by compliance 
officers. 

Such ‘first flush’ (i.e. resumption of flow) rules are being considered for the Barwon–Darling Water 
Resource Plan, to provide for more protection for ‘drought-breaker’ flows in that catchment. Similar 
protections to the tributaries of the Barwon–Darling should also be considered, with the mid-2019 
flows providing insight into the difference such a rule might make. The interception of floodplain 
flows also makes a significant difference to the degree to which a rivers’ water successfully enters its 
channel. The work presented here also highlights the need to map and understand the presence and 
impact of floodplain structures to the resulting hydrology of the system. 
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Appendix A 
Additional storages observed to undergo change between 10% and 50% of their total area. 

Namoi Zone 1: Storages observed to fill between 21 March and 31 March 
 

Latitude Longitude Total Area (ha) Percent Filled (%) 

1 -30.8XXX 150.2XXX 22.3 16.8 

2 -30.4XXX 149.9XXX 8.1 43.2 

3 -30.8XXX 150.2XXX 2.7 11.4 

4 -30.5XXX 149.9XXX 21.1 43.2 

5 -31.4XXX 150.4XXX 21.3 10.4 

6 -31.6XXX 150.3XXX 28.8 15.7 

7 -30.8XXX 149.9XXX 20.7 21.2 

8 -30.7XXX 149.9XXX 23.9 26.0 

9 -31.3XXX 150.3XXX 14.6 18.9 

10 -31.1XXX 150.4XXX 17.4 11.8 

11 -30.5XXX 150.0XXX 10.8 16.4 

12 -31.0XXX 150.3XXX 5.3 31.9 

13 -30.5XXX 150.0XXX 1.2 12.4 

14 -31.0XXX 149.9XXX 2.1 38.7 

15 -30.8XXX 150.0XXX 3.7 36.1 

16 -30.9XXX 150.3XXX 11.9 25.3 

17 -30.5XXX 149.9XXX 4.3 15.9 

18 -31.4XXX 149.9XXX 1.8 12.9 

19 -30.5XXX 150.0XXX 3.0 35.7 

20 -31.1XXX 150.3XXX 3.7 18.6 

21 -30.9XXX 150.2XXX 3.8 14.0 

22 -31.0XXX 150.3XXX 3.4 31.6 
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Latitude Longitude Total Area (ha) Percent Filled (%) 

23 -30.5XXX 150.0XXX 3.5 15.5 

24 -30.5XXX 149.9XXX 8.5 12.6 

25 -30.7XXX 149.9XXX 1.2 37.2 

26 -30.5XXX 150.1XXX 3.5 37.2 

27 -30.9XXX 150.0XXX 1.8 33.6 

28 -30.9XXX 150.0XXX 1.1 43.5 

29 -30.7XXX 149.9XXX 1.0 36.2 

30 -30.7XXX 149.9XXX 1.2 46.1 

31 -30.5XXX 149.9XXX 2.8 10.4 

32 -30.5XXX 150.0XXX 7.4 35.5 

33 -30.9XXX 150.3XXX 5.2 30.0 

34 -30.7XXX 150.0XXX 1.0 20.2 

35 -30.8XXX 150.0XXX 1.6 48.3 

36 -30.9XXX 150.2XXX 1.1 36.0 

37 -31.0XXX 150.4XXX 4.8 25.6 

38 -30.6XXX 149.9XXX 1.2 13.6 

39 -30.7XXX 150.2XXX 1.3 31.3 

40 -30.4XXX 149.9XXX 6.4 26.4 

41 -30.8XXX 150.XXX 12.8 21.6 

42 -31.1XXX 150.2XXX 1.0 21.7 

43 -31.1XXX 150.3XXX 1.8 21.2 

44 -30.7XXX 150.0XXX 17.2 11.7 
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Namoi Zone 1: Storages observed to fill between 31 March and 10 April 
 

Latitude Longitude Total Area (ha) Percent Filled (%) 

1 -31.0XXX 149.9XXX 2.1 12.1 

2 -30.6XXX 149.9XXX 1.2 11.9 

 

Namoi Zone 2 
 

Latitude Longitude Total Area (ha) Percent Filled (%) 

1 -30.2XXX 149.5XXX 11.8 42.3 

2 -30.2XXX 149.6XXX 15.0 13.4 

3 -30.2XXX 149.5XXX 21.7 12.1 

4 -30.2XXX 149.5XXX 16.7 45.1 

5 -30.8XXX 149.9XXX 18.2 38.3 

6 -30.4XXX 149.9XXX 32.9 34.6 

7 -31.0XXX 149.8XXX 16.2 23.0 

8 -30.9XXX 149.8XXX 18.7 21.7 

9 -30.8XXX 149.9XXX 17.6 10.5 

10 -30.7XXX 149.9XXX 1.1 12.9 

11 -30.1XXX 149.5XXX 4.1 37.6 

12 -30.7XXX 149.8XXX 1.9 10.6 

13 -31.1XXX 149.9XXX 2.4 14.1 

14 -30.3XXX 149.6XXX 1.5 43.3 

15 -31.0XXX 149.9XXX 9.4 21.0 

16 -30.3XXX 149.6XXX 1.2 12.1 

17 -30.3XXX 149.5XXX 1.0 18.9 

18 -30.3XXX 149.5XXX 1.5 15.4 

19 -30.8XXX 149.8XXX 1.2 17.5 
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Latitude Longitude Total Area (ha) Percent Filled (%) 

20 -30.6XXX 149.9XXX 1.4 38.2 

21 -30.5XXX 149.8XXX 1.6 14.3 

22 -30.7XXX 149.9XXX 3.7 35.3 

23 -30.4XXX 149.8XXX 2.0 36.8 

24 -30.2XXX 149.5XXX 1.6 18.2 

25 -30.2XXX 149.5XXX 2.1 15.0 

26 -30.5XXX 149.8XXX 2.9 21.6 

27 -30.2XXX 149.6XXX 1.7 30.9 

28 -30.6XXX 149.8XXX 1.6 10.3 

29 -31.0XXX 149.8XXX 3.1 19.7 

30 -30.2XXX 149.5XXX 6.3 10.3 

31 -30.2XXX 149.7XXX 6.8 36.9 

32 -30.2XXX 149.4XXX 7.3 23.5 

33 -30.2XXX 149.5XXX 1.6 33.6 

34 -30.5XXX 149.8XXX 1.6 16.8 

35 -30.3XXX 149.8XXX 1.3 26.3 

36 -30.3XXX 149.6XXX 1.2 41.9 

37 -30.3XXX 149.7XXX 3.0 26.8 

38 -30.2XXX 149.4XXX 4.6 39.3 

39 -30.7XXX 149.8XXX 4.5 25.6 

40 -30.3XXX 149.7XXX 2.7 23.1 

41 -30.3XXX 149.8XXX 10.4 14.7 

42 -30.4XXX 149.8XXX 1.9 36.2 

43 -30.5XXX 149.9XXX 1.1 13.5 

44 -31.3XXX 149.8XXX 8.7 16.5 
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Namoi Zone 3 
 Latitude Longitude Total Area (ha) Percent Filled (%) 

1 -30.3XXX 149.3XXX 41.9 48.7 

2 -30.3XXX 149.0XXX 9.9 18.2 

3 -30.2XXX 149.0XXX 40.7 12.2 

4 -30.1XXX 149.2XXX 17.6 13.3 

5 -30.1XXX 149.2XXX 25.4 20.9 

6 -30.2XXX 149.0XXX 37.9 16.8 

7 -30.2XXX 149.2XXX 38.8 31.9 

8 -30.1XXX 149.2XXX 11.0 15.5 

9 -30.1XXX 149.4XXX 1.0 10.9 

10 -30.3XXX 149.0XXX 4.1 40.7 

11 -30.3XXX 149.1XXX 2.1 16.7 

12 -30.1XXX 149.3XXX 9.6 23.8 

13 -30.3XXX 149.2XXX 2.5 49.2 

14 -30.2XXX 148.8XXX 5.5 22.9 

15 -30.3XXX 149.0XXX 1.8 31.3 

16 -30.2XXX 149.3XXX 5.2 38.7 

17 -30.3XXX 149.1XXX 1.1 35.4 

18 -30.2XXX 149.2XXX 1.1 42.7 

19 -30.1XXX 149.2XXX 8.0 14.9 

20 -30.2XXX 149.3XXX 1.7 49.7 

21 -30.3XXX 149.0XXX 2.6 36.0 

22 -30.3XXX 149.0XXX 10.5 11.3 

Namoi Zone 4 
No storages greater than 1 ha in size in the Namoi zone 3 filled between 10% – 50%. 
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Macquarie Zone 1 
 

Latitude Longitude Total Area (ha) Percent Filled (%) 

1 -32.0XXX 148.1XXX 41.4 25.2 

2 -32.2XXX 148.6XXX 2.0 12.8 

3 -32.0XXX 148.2XXX 9.5 11.6 

4 -32.1XXX 148.6XXX 4.8 12.6 

5 -32.0XXX 148.3XXX 1.2 12.5 

6 -32.1XXX 148.6XXX 12.5 39.9 

7 -32.1XXX 148.1XXX 12.3 34.6 

8 -31.8XXX 147.8XXX 1.5 13.6 

9 -32.1XXX 148.6XXX 12.2 23.3 

10 -32.0XXX 148.6XXX 1.3 15.2 

11 -32.2XXX 148.6XXX 1.7 15.6 

12 -32.1XXX 148.5XXX 1.4 13.4 

13 -31.8XXX 147.8XXX 1.1 14.9 

14 -32.2XXX 148.6XXX 10.3 23.2 

 

Macquarie Zone 2  
No storages greater than one Ha in size in the Macquarie zone 2 were seen to fill by more than 10%. 

Macquarie Zone 3 
 Latitude Longitude Total Area (ha) Percent Filled (%) 

1 -30.4XXX 147.5XXX 3.1 42.6 

2 -30.4XXX 147.5XXX 2.5 38.3 
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Warrego Zone 1 
 

Latitude Longitude Total Area (ha) Percent Filled (%) 

1 -29.6XXX 145.7XXX 1.3 15.3 

2 -29.5XXX 145.7XXX 6.3 49.4 

Warrego Zone 2 
 

Latitude Longitude Total Area (ha) Percent Filled (%) 

1 -30.2XXX 145.3XXX 19.3 32.6 
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Appendix B 
Storages observed to undergo change during the embargo period. 

Namoi Zone 1: Change observed between 10 April and 5 May 2019. 
 

  Latitude Longitude Total Area (ha) Percent Filled (%) 

1 -30.7XXX 150.4XXX 25.2 11.5 

2 -30.5XXX 149.9XXX 21.1 16.1 

3 -31.3XXX 150.3XXX 14.6 14.5 

4 -30.6XXX 150.1XXX 2.2 10.3 

5 -30.8XXX 150.0XXX 3.7 13.5 

6 -30.9XXX 150.1XXX 1.1 27.7 

7 -30.5XXX 149.9XXX 4.3 17.7 

8 -31.4XXX 150.4XXX 2.6 17.7 

9 -30.7XXX 150.2XXX 1.8 35.1 

10 -30.9XXX 150.2XXX 3.8 13.8 

11 -30.7XXX 150.0XXX 4.2 85.7 

12 -30.8XXX 149.9XXX 3.4 18.9 

13 -30.8XXX 150.1XXX 2.2 15.2 

14 -30.5XXX 150.1XXX 3.5 11.7 

15 -30.9XXX 150.0XXX 1.8 22.7 

16 -30.9XXX 150.0XXX 1.1 19.7 

17 -30.6XXX 150.0XXX 5.1 14.9 

18 -30.9XXX 150.2XXX 2.0 34.5 

19 -30.9XXX 150.5XXX 4.1 13.8 

20 -30.9XXX 150.3XXX 5.2 12.3 

21 -30.8XXX 150.0XXX 1.6 10.7 
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  Latitude Longitude Total Area (ha) Percent Filled (%) 

22 -30.9XXX 150.1XXX 1.2 22.7 

23 -30.7XXX 150.2XXX 1.3 23.8 

24 -30.5XXX 150.0XXX 1.0 35.4 

 

Namoi Zone 2: Change observed between 3 April and 28 April 2019 

  Latitude Longitude Total Area (ha) Percent Filled (%) 

1 -30.8XXX 149.8XXX 1.2 11.2 

2 -30.3XXX 149.8XXX 1.2 10.5 

3 -30.2XXX 149.6XXX 1.7 28.4 

4 -30.2XXX 149.4XXX 2.4 16.1 

 

Namoi Zone 3. Change observed between 8 April and 28 April 2019 

  Latitude Longitude Total Area (ha) Percent Filled (%) 

1 -30.8XXX 149.8XXX 1.2 11.2 

Macquarie Zone 1: Change observed between 3 April and 28 April. 

  Latitude Longitude Total Area (ha) Percent Filled (%) 

1 -32.0XXX 148.1XXX 41.4 19.6 

2 -32.0XXX 148.1XXX 18.6 15.3 

 

Macquarie Zone 2: Change observed between 18 April and 28 April. 

  Latitude Longitude Total Area (ha) Percent Filled (%) 

1 -31.6XXX 147.8XXX 1.0 11.0 
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