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Background 
The Department of Planning and Environment (DPE) is 
reviewing connectivity options to inform the remake 
of the Barwon–Darling Water Sharing Plan (WSP) and 
the Western Regional Water Strategy. The Interim 
Unregulated Flow Management Plan for the North-
West (the North-West Flow Plan) is one option the 
department is analysing to see if it offers an enduring 
solution to support connectivity. 

The North-West Flow Plan was developed in 1992 
following mass algal blooms in the Barwon–Darling 
River. The plan recognised the importance of inflows 
from the main Barwon–Darling tributary valleys 
(Border Rivers, Gwydir and Namoi) in maintaining 
sufficient water quality and quantity for people and the 
environment in the Barwon–Darling River.

The intent of the North-West Flow Plan is to limit access 
to lower priority water licences upstream to enable 
certain flows and targets to be met in the Barwon–
Darling River (Figure 1). The plan is reflected in existing 
water sharing plans through rules which aim to restrict 
access to supplementary water flows in the northern 
valleys (Border Rivers, Gwydir and Namoi) and B and C 
class licence water extraction in the Barwon–Darling 
when riparian, algal suppression and fish migration flow 
targets in the Barwon–Darling have not been met. 

The North-West Flow Plan’s targets were implemented 
a few times, referenced in the Barwon–Darling, NSW 
Border Rivers, Gwydir and Namoi water sharing 
plans, and then ceased to be used when it became 
apparent that the accuracy of flow forecasting at the 
time was insufficient to meet the requirements of the 
plan. However, temporary water restrictions under 
section 324 of the Water Management Act 2000 have 
been applied in the past to B and C class access in 
the Barwon–Darling (including in the last drought) 
to protect some natural inflows and environmental 
releases, and on supplementary flows to protect water 
for Broken Hill’s town supply when the city relied on the 
Menindee Lakes.

Since 1992, our understanding of water requirements 
for critical human and environment needs has improved. 
In addition, a range of water sharing rules and limits 
on extraction has been introduced to protect the water 
needs of communities and the environment.

Amendments made to the Border Rivers water sharing 
plan in 2021 require a review of the targets in North-
West Flow Plan. Specifically, the water sharing 
plan requires:

• a review of the existing targets to assess if the 
targets adequately meet the critical needs of the 
environment, basic landholder rights, domestic and 
stock access licence holders and local water utility 
access licence holders in the Barwon–Darling River, 
and if not whether any changes are needed to the 
flow targets to meet those needs 

• that any changes to the North-West Flow Plan 
targets should not substantially alter the long-term 
average annual total amount of water available to be 
extracted under supplementary licences

• an independent panel to provide recommendations 
of the review and assessment

• stakeholder feedback.  1

As 30 years have elapsed since the North-West Flow 
Plan was developed, the department has reviewed the 
plan to identify whether its original intent remains valid 
and, if so, whether it can be implemented. 

The purpose of this document is to provide an overview 
of the evidence and analysis used to inform the review 
to date, describe the North-West Flow Plan options 
analysed, and outline the reasons these options are 
recommended for further analysis or recommended not 
to be progressed.

1. See clause 73 of the Water Sharing Plan for the NSW Border Rivers Regulated River Water Source.
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What has informed the review 
of the North-West Flow Plan?
A review of the plan’s flow targets by Alluvium 
Consulting provided fresh analysis and new evidence 
to inform the department’s review and findings. In 2021, 
the department engaged Alluvium Consulting to review 
the flow targets within the context of contemporary 
understanding of the ecohydrology of the Barwon–
Darling system and to assess the ability to implement 
the North-West Flow Plan targets.2 The review included 
preliminary quantitative analysis of the targets using 
16 years of flows (2004–2020),3 a literature review and 
interviews with agencies. 

Alluvium Consulting’s review found that:

• Limiting supplementary access and B and C class
access rarely creates flow events that meet the
targets, but may add days/volumes to existing
flow events.

• The flow targets should be updated to reflect
the latest evidence about ecological and water
quality requirements.

• Some of the barriers to implementing the plan’s
targets have been reduced.

More detailed hydrologic analysis has been undertaken 
on the extent to which restricting supplementary 
licences, and B and C class licences can meet the 
North-West Flow Plan targets. This analysis has been 
undertaken using models of the river systems and 
approximately 120 years of data.

The department also conducted targeted consultation 
with the Connectivity Stakeholder Reference 
Group, seeking feedback on options for revised 
connectivity targets.

Figure 1. Overview of the North-West Flow Plan target flows
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2.	 The	Alluvium	Consulting	report	is	available	at,	www.industry.nsw.gov.au/water/environmental-water-hub/working-on/north-west-flow-plan
3. The Alluvium Consulting review modelling only looks at the relatively short historical period that supplementary water was available and 

subject	to	formal	declaration	(2004/05	to	2019/20),	and	this	may	not	be	reflective	of	long-term	hydrological	conditions.



Principles
The department adopted a set of principles to assess 
the whether the connectivity targets in the North-West 
Flow Plan should be updated. The principles are that the 
targets should:

• be effective in meeting their objectives and based on 
contemporary scientific information referenced and 
available to the public

• maintain no net reduction in planned environmental 
water as required by the Basin Plan 2012

• do not reduce the overall amount of water being 
taken out of rivers, consistent with the sustainable 
diversion limits set by the Basin Plan without 
compensatory or offsetting actions

• be simple to understand by water users and applied 
equitably across management zones and valleys

• be easily implemented by river managers

• be subject to revision on a timely basis, based on 
new scientific developments and ongoing monitoring 
of key outcomes.

The aim of these connectivity actions is to protect water 
at specific times for humans and the environment, and 
then to take steps to ensure these actions do not impact 
productive water access. This approach is guided by 
the principles of the Water Management Act 2000. The 
progress of any of the options presented below would 
need to be underpinned by steps to avoid, offset or 
mitigate any potential impacts. This could include 
options such as providing the opportunity for offsetting 
increases in water access at other times or other 
compensatory actions that allow jobs and production to 
be maintained. 
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The riparian targets 
The original riparian targets in the North-West Flow Plan 
aimed to protect flows needed to meet the requirements 
of riparian (now called basic landholder) rights. This 
includes water for domestic and stock purposes. 

Water sharing rules in the Water Management Act 
2000 and the 2012 Basin Plan require critical human 
and environmental needs to be protected across 
catchments, which can be challenging during extreme 
droughts. Basic landholder rights and critical human 
needs become the highest priorities for water 
sharing under the Water Management Act 2000 
during extreme events. 

Providing water for basic landholder rights has the dual 
benefit of providing water for critical dry environmental 
needs such as topping up refuge pools and avoiding 
loss and damage of native species, particularly after 
extended dry periods.

The Western Regional Water Strategy has also 
identified that many towns along the Barwon–Darling 
and Lower Darling rivers rely on surface water and 
do not have adequate water security. Improving 
water security for towns is one of the objectives of 
the regional water strategies and a priority for the 
Western region.

Target based on updated 
science
The original riparian targets could be replaced with 
targets that would help to protect the first flush of 
water at the ends of the Border Rivers, Gwydir and 
Namoi systems, along with a target at Menindee Lakes.

Since 1992, significant water management changes 
have been implemented that protect and maintain 
water for towns and rural domestic and stock supplies. 
These changes are:

• The A class pump thresholds have been increased 
(twice). The thresholds are now above the North-
West Flow Plan riparian targets for most locations, 
but the plan only restricts B and C class access.

• The Resumption of Flows (RoF) rule has been 
implemented. This rule restricts water take in the 
Barwon–Darling when it has been too dry for too 
long at certain locations to protect the critical first 
flows after an extended low-flow or dry period 
to meet basic landholder rights and town water 
supply needs. The RoF rule has lower thresholds 
for triggers compared to the North-West Flow Plan 
and is designed to achieve similar objectives as the 
plan’s targets (that is, to protect flows for basic 
landholder rights and towns).

• Supplementary water sharing rules have been put 
in place. For example, supplementary events in the 
Border Rivers can only be announced if the flows 
are likely to be over 10,000 ML at Goondiwindi 
and 2,000 ML downstream of Goondiwindi over 
2 consecutive days.

• The current Barwon–Darling WSP (2020 amended 
plan) and the Border Rivers, Gwydir and Namoi 
regulated river plans do not include riparian targets 
for Mungindi and Collarenebri.

• Basin-wide water recovery commenced under the 
2012 Murray–Darling Basin Plan.

Other related water management changes implemented 
over this time are:

• Metering is now required on a range of pump sizes.

• The Murray–Darling Basin cap on extractions and 
WSP extraction limits have been implemented.

• Supplementary take is subject to licence conditions/
volume limits.

• New rules have been introduced for sharing between 
water users and the environment. 

Together, these changes mean the current riparian 
targets are now satisfied most of the time. The 
department’s review found that the targets should be 
updated to reflect the need to protect the first flush of 
water after an extended dry period. Protecting the first 
flush of flows after an extended dry period is vital to 
providing water for critical human and environmental 
needs and supporting post drought recovery. A more 
variable or changing future climate could result in more 
frequent and extended droughts. Optimising drought 
recovery will be critical to supporting the ability of 
ecosystems and communities to bounce back and build 
resilience in between droughts and should be a priority 
objective for connectivity changes.

While the department is proposing to protect these 
flows initially through temporary water restrictions 
under section 324 of the Water Management Act 
2000, we have heard that most stakeholders prefer 
community negotiated rules in water sharing plans 
rather than temporary water restrictions that are 
subject to ad hoc decision making.

To achieve this, it may be feasible to remove the original 
riparian targets in the North-West Flow Plan and replace 
them with targets that would help to protect the first 
flush of water at the ends of the Border Rivers, Gwydir and 
Namoi systems. A target would also apply at Menindee 
Lakes. The objective of these proposed new targets is to 
ensure a full flow through these systems and to replenish 
town water supplies, drought refuge pools and basic 
landholder rights following a dry period (Table 1). 
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Further investigation and consultation on this option is required, to ensure no net reduction in planned 
environmental water as required by the Basin Plan (2012).

Further information is available in the Critical dry condition triggers to reduce risk to environmental and human 
water needs Discussion Paper (Attachment E).

Table 1. Proposed draft targets to replace the North-West Flow Plan riparian targets

Location Draft target for restricting supplementary, 
floodplain harvesting and A, B and 
C class licences

Draft target for lifting restrictions

Menindee 
Lakes

Menindee Lakes storage4 forecast to fall 
below 195 GL capacity.5 Once this trigger is 
reached there would be no releases beyond 
the minimum flow requirements from lakes 
Wetherell, Pamamaroo Menindee, Cawndilla 
and Tandure.

If releases have ceased below the Menindee 
Lakes, restrictions would not be lifted until 
the Lakes were forecast to have enough water 
to provide up to 12 months supply for human 
needs and allow the river to be restarted in 
a way that reduces the risk to water quality 
issues downstream and fish deaths. 

This will depend on conditions at the time and 
any operating constraints. For example:

• if the Lower Darling River hasn’t ceased 
to flow, triggers could be lifted once the 
lakes are above 195 GL

• if the Lower Darling River has ceased to 
flow, additional water above the 195 GL 
volume such as 60 GL may be required to 
restart the river  6

• if evaporation rates are extreme and 
operational constraints require water to 
be held in inefficient lakes, more water 
will be required in the Lakes before the 
restrictions can be lifted.

The trigger for lifting restrictions may need 
further refinement following consultation.

Northern 
Valleys

All or most of the northern valleys and/or 
Barwon–Darling River system are classified 
as Drought Stage 4 criticality under the 
Department’s drought stages, and/or

Cease-to-flow for 30 days or more extended 
periods for any of the following locations:  7

• Border Rivers – Macintyre at Goondiwindi 
(416201A) 

• Gwydir River – Mehi at Moree (418002)

• Macquarie – below Warren Weir (421004)

• Namoi – below Mollee Weir (419039).

Resumption of flow targets for the northern 
tributaries such as:

• Border Rivers – Macintyre at Goondiwindi – 
3,600 ML over 7 days

• Gwydir River – Mehi at Moree – 3,600 ML 
over 7 days

• Macquarie: below Warren Weir – 
21,000 ML over 7 days

• Namoi: below Mollee Weir – 8,000 ML over 
7 days.  8

4. Menindee Lakes Storage has the same meaning as it does under the Murray–Darling Basin Agreement.
5.	 A	195	GL	floodplain	harvesting	restriction	is	also	being	proposed	which	would	be	eased	when	local	valley	targets	are	forecast	to	be	met.
6.	 A	60	GL	Lower	Darling	River	flow	restart	allowance	has	been	proposed	to	be	included	in	the	water	sharing	plan	for	the	Lower	Darling
7.	 Locations	and	cease-to-flow	period	to	be	determined	following	feedback	from	consultation.
8. The northern valley triggers are interim proposals and linked to when the regulated valleys are in Drought Stage 4. We will continue to 

research the most appropriate trigger locations and durations.
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Figure 2. Menindee Lakes volumes over time when applying the proposed 195 GL Menindee Lakes 
target restrictions

Benefits and impacts of the 
proposed new targets
Figure 2 shows the differences in volumes of water 
in Menindee Lakes over time between the base case 
(current conditions) and volumes of water in the lakes 
when applying the proposed 195 GL target restriction 
and the full supplementary and Barwon–Darling 
entitlement restrictions.9 Figure 2 indicates that if the 
restrictions were imposed only when the Menindee 
Lakes were below 195 GL, this would increase the time 
the lakes were above the target by 3%. In other words, 
the restrictions keep storage volumes above 195 GL 
over 97% of the time, compared to around 94% of the 
time with the current conditions. This analysis doesn’t 
yet take into account the most recent drought, so 
further work is required on understanding the benefits 
and impacts of this proposal. 

If these Menindee targets are to be progressed it could 
result in the following changes to overall water taken 
by licences:

• Border Rivers: 1% reduction in water take

• Gwydir: 1% reduction in water take

• Namoi: 1% reduction in water take

• Macquarie: no change in water take

• Barwon–Darling: Small reduction likely

• Average: 1% reduction in water take.

The Macquarie–Waambul River users would not 
be impacted as the restriction to the relatively 
small supplementary diversions are outweighed by 
subsequent increases in other forms of take such as 
general security.

9.	 While	floodplain	harvesting	restrictions	aren’t	included	in	this	analysis	it	is	proposed	to	introduce	floodplain	harvesting	restriction	to	meet	
a 195 GL trigger at Menindee Lakes to be lifted when in valley targets have been met.
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Alternative options considered 
but proposed not to 
be progressed
1. Remove the current riparian targets in the North-

West Flow Plan and use the current Resumption of 
Flow rule targets to apply to supplementary access 
restrictions in the tributaries – The department’s 
initial modelling suggests that this approach will 
not deliver any significant improvements to basic 
landholder rights. Over the long term, flows in the 
Barwon–Darling River are above the threshold 
required for basic landholder needs for 94–95% 
of the time. Restricting supplementary access in 
the northern valleys will not significantly increase 
the time the river is above the resumption of flow 
targets: the change is about 1% of the time over the 
long term.

2. Implement the existing targets in the North-West 
Flow Plan – The original riparian targets in the 
North-West Flow Plan are now no longer required as 
they are satisfied or surpassed by recent changes 
to water sharing plan rules that have raised. A 
class licence thresholds and implemented the 
Resumption of Flow rule in the Barwon–Darling to 
help protect basic landholder rights. This option was 
also not supported by the Connectivity Stakeholder 
Reference Panel and does not to help protect the 
first flows of water after an extended dry period 
across catchments.

3. Remove riparian targets and instead rely on the A 
class licence cease-to-pump thresholds and the 
Resumption of Flow rule – This option does not 
provide a way for tributary events to contribute 
to the Barwon–Darling, nor to help protect the 
first flows of water after an extended dry period 
across catchments. 

4. Changing the targets based on the Alluvium 
Consulting review – While Alluvium Consulting 
found that the current flow targets for between 
Mungindi and Brewarrina are likely to be adequate, 
it recommended that flow targets for Bourke, 
Louth and Wilcannia be increased to support a 
minimum baseflow for maintaining basic landholder 
rights access:10 

a. Bourke – 500 ML/day (up from 390 ML/day)

b. Louth – 450 ML/day (up from 280 ML/day)

c. Wilcannia – 350 ML/day (up from 150 ML/day).

This option is not proposed to be progressed, as these 
targets are effectively covered by the resumption of 
flows rule. Including new and different targets would 
make the plan difficult to implement operationally and 
be confusing for licence holders and the public. 

5. Change the targets based on stakeholder 
suggestions – As part of feedback provided 
by the Connectivity Stakeholder Reference 
Group, 2 stakeholders made suggestions for 
alternative targets:

a. changing the targets to be consistent with the 
non-woody vegetation targets in the Barwon–
Darling Long-Term Water Plan

b. raising the targets to be above the natural 80th 
percentile to enable fish spawning and reduce 
salinity issues.

These options were not pursued because they did not 
meet the original objective of the basic landholder right 
targets, which is water for household use on farms 
and towns, or the proposed updated objective, which 
is to protect the first flow of water after an extended 
dry period for critical needs. The riparian targets are 
not aimed at supporting environmental outcomes 
in the riparian zone of a waterway, fish targets or 
salinity management. Rather, these are addressed 
by alternative targets in the North-West Flow Plan to 
achieve fish and water quality objectives. 

10.	 Informed	by	flow	rates	in	the	Barwon–Darling Long Term Water Plan.
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The algal suppression targets 
The purpose of the algal suppression target is to 
provide a seasonal flow to ‘flush’ the system to 
replenish water in weirs and to minimise the conditions 
that could contribute to algal growth.

Analysis undertaken for the Western Regional Water 
Strategy has confirmed that water quality remains a 
persistent challenge in the Western region and should 
be prioritised. 

Poor water quality and blue-green algae affects the 
ecology and survival of aquatic organisms, is a risk to 
human health and stock, and impacts the social and 
recreational amenity of waterways. It consistently 
affects Aboriginal people’s ability to practice culture 
on or near waterways. It also presents significant 
water quality treatment issues for local water utilities 
and impacts upon agricultural and other industrial 
processes that rely on water.

Target based on 
updated science
The occurrence of algal blooms in the Barwon–Darling 
has been well documented (MDBA 2018, Mitrovic 
et al., 2006; Vertessy et al 2019). Algal blooms are 
related to thermal stratification of pools and this 
usually coincides with the hotter months of the year 
when flow rates are low. There are many factors 
that can interact and influence the development of 
algal blooms and the consequences can be lethal 
for biota (Vertessy et al 2019).  It is estimated that 
during the hotter months, it can take 12 days of 
flows below thresholds for weir pools to stratify 
(Mitrovic et al., 2006). 

Advice from Alluvium Consulting indicates that the 
algal suppression targets should be updated to reflect 
contemporary science and the Barwon–Darling Long-
Term Water Plan:

• 3,000 ML/day for 7 days at Wilcannia, if flows fall 
below the following targets throughout the spring/
summer period:

– Walgett – 250 ML/day 

– Brewarrina – 510 ML/day

– Bourke – 450 ML/day

– Wilcannia – 350 ML/day.

This option could merit further investigation because:

• Alluvium Consulting found that the current literature 
supported a larger event of 3,000 ML/day for 
7 days being required to clear established blooms. 
However, maintaining a low-flow threshold through 
spring/summer is the most effective way to prevent 
stratification and algal blooms in pools.

• The Barwon–Darling Long-Term Watering Plan 
targets are generally accepted as having a sound 
scientific reason for contributing to positive 
environmental outcomes.

• The proposed new targets were supported by some 
stakeholders on the Connectivity Stakeholder 
Reference Group.

Further detail on how the targets would operate is 
required, including how often in a given year the 7-day 
event at Wilcannia is necessary. The next stage of the 
analysis, including further advice from experts, needs 
to consider whether repeated algal suppression flow 
events are required and if there should there be a lag 
time before another event is required. 

Image courtesy of Destination NSW. The Darling River, Kinchega National Park.
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Benefits of the algal suppression target
Initial modelling indicates that restricting supplementary and B and C (Barwon–Darling River) class entitlements 
under a perfect forecast scenario11 could result an additional 16 years over a 119-year period when there is at least 
one flow event during the spring and summer period that can help reduce the risk of algal blooms forming and 
meet the proposed targets (Figure 3). 

Figure 3. Comparison of the base case (current situation) and restricting supplementary and B and C class 
licence access to meet the proposed updated 3,000 ML/day algal suppression target at Wilcannia under a 
perfect forecast scenario

Only 5 of 119 years modelled showed a situation where ALL thresholds were met across the spring/summer period 
under the base case. This increased to 7 events when supplementary and B and C class restrictions were imposed. 

Alternative option considered 
We considered maintaining the current target of 2,000 ML/day at Wilcannia for 5 days between October and 
April, with a flow to have occurred at least once in the previous 3 months. We propose not to progress this target 
because it is based on outdated science and was not supported by stakeholders on the Connectivity Stakeholder 
Reference Group. 

11.	 A	perfect	forecasting	scenario	assumes	we	can	forecast	which	years	to	restrict	to	get	extra	algal/fish	events,	which	is	not	possible.	The	
perfect	forecast	scenario	is	an	estimate	of	the	‘lower	bound’	impacts
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The fish passage targets 
The purpose of the fish migration target in the 
North-West Flow Plan is to ‘drown-out’12 the weirs at 
Brewarrina and Bourke to enable fish migration noting 
that these targets also provide opportunities for related 
ecosystem outcomes such as increased productivity, 
increased dispersal and improved lateral connectivity 
with floodplain habitat. The plan states that ‘once 
the fishways are operational, the target flows for fish 
migration will be suspended’. The Western Regional 
Water Strategy recognises that the Barwon–Darling 
River is an important movement corridor (the only 
movement corridor) for fish between the northern and 
southern basins and so the objective of supporting fish 
movement remains relevant. 

Infrastructure construction and other actions have been 
undertaken since 1992 to improve fish migration in the 
Barwon–Darling, including:

• The Brewarrina fishway has been installed.

• Recovery of water for the environment has been 
undertaken, which can be used to support fish 
movement activities at critical times (for example, 
the Northern Fish Flow event and the Northern 
Connectivity event).

• Walgett Weir on the Barwon River has been 
upgraded with a fishway.

• Work is expected to start on the Wilcannia Weir 
upgrade and fishway later in 2022.

However, there are still a number of weirs where 
fishways have not been installed, including at Bourke 
Weir, and there are also other fish barriers across the 
Barwon–Darling. 

The Better Baaka Program is proposing to install a 
range of fishways on weirs along the Barwon–Darling, 
including one on Bourke Weir but this project will take 
time to progress. Additionally, the NSW Fish for the 
Future project, Lower Darling Fish Passage Program 
and the Accelerated Fish Passage program are 
currently progressing fishway design and construction 
in the Barwon–Darling and Lower Darling rivers. 

Targets based on 
updated science 
To ensure that the intent of the fish migration targets is 
maintained and the targets are based on contemporary 
science (which is providing more specific information 
about the need for fish movement for migrations, 
spawning and dispersal), the following new targets are 
proposed by Alluvium Consulting: 
• 15,000 ML/day for 15 days at Bourke between 

July and September (migration for dispersal and 
condition)

• 15,000 ML/day for 15 days at Bourke between 
October and April (migration for spawning)

• 14,000 ML/day for 15 days at Brewarrina between 
October and April (migration).

Protecting these events provides the opportunity to 
drown-out weirs in the river channel and enable more 
frequent hydrological connectivity throughout the 
Barwon–Darling River. Importantly, additional events 
provide opportunities to support fish and other biota to 
move across these weirs and access suitable habitats 
that would otherwise be blocked by barriers. Providing 
additional opportunities for fish to move will support 
fish populations throughout the Murray–Darling Basin.

Fishways allow fish passage more frequently and on 
smaller flow events than are needed to drown-out a 
weir. However, fishways haven’t yet been installed 
at Bourke and there are still a range of other fish 
passage barriers throughout the system. Therefore, 
these targets, if implemented, would be an interim 
measure that can be reassessed when the proposed 
fishways and weir removals have been implemented 
under the Better Baaka Program. At that time, we will 
have a better understanding of the magnitude of flows 
required to pass through the fishways to facilitate 
fish movement.

Subject to additional modelling of the benefits 
and impacts on water users this option considers 
the varied benefits of allowing fish to move along 
the Barwon–Darling for migrations, spawning and 
dispersal purposes. 

There was limited support for the existing North-
West Flow Plan targets from some members of 
the Connectivity Stakeholder Reference Group, as 
there is now better information available to support 
the intention of these new targets. While fishways 
contribute to the movement of fish, by themselves they 
do not maintain healthy populations of fish. A certain 
level of flow is also required to ensure fish can use the 
fishways effectively. 

12.	 To	drown	out	the	weirs	means	to	have	flows	high	enough	above	the	weir	to	allow	fish	to	move	upstream	and	downstream.
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Benefits of the updated targets
The fish migration targets are based on higher flows 
and as a result, restricting supplementary, B class and C 
class licences will have limited effect on flows needed 
to support fish migration as these licence types can 
only be accessed when there is already lots of water in 
the system. It is difficult to influence larger flows for an 
extended period by restricting upstream access.
Our analysis has shown that restricting supplementary 
and B and C class water take under a perfect forecast 
modelling scenario could lead to a small number of 
additional fish spawning and migration flow events 
being achieved (5 additional years with at least one 
fish spawning and migration flow events over a 119-year 

period, and one additional year with a dispersal event) 
and make little difference to the North-West Flow Plan 
dispersal and condition targets (Figure 4). This analysis 
will need to be supplemented with further analysis 
to understand how these results translate to social, 
economic and cultural outcomes.

While it is difficult to increase the frequency of 
such large events via restrictions to water use, the 
development of fishways (including for Bourke Weir) 
and the removal of some town weirs as proposed 
through the Better Baaka Program, combined with the 
new restrictions, could result in a better outcome for 
fish. Installation of the fishway on Brewarrina Weir and 
Walgett Weir on the Barwon River has also improved the 
movement of fish in this area of the river. 

Figure 4. Restricting B and C class and supplementary access to meet the draft North-West Flow Plan fish 
passage targets under a perfect forecast scenario
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Alternative options considered 
1. Implement the existing targets:

– 14,000 ML/day at Brewarrina and/or

– 10,000 ML/day at Bourke

– must be met for 5 days between September
and February, unless 2 such flows have already
occurred in this period.

This option is based on outdated science and so is 
not proposed to be implemented. 

2. Infrastructure solution: Remove the fish passage
targets as the Better Baaka Program is proposing
to upgrade Bourke Weir and install a fishway, install
fishways on a range of other Barwon–Darling and
Lower Darling weirs, and also remove some non-town
weirs. This solution reinstates fish passage along
the Barwon–Darling, reflecting the intent of the
North-West Flow Plan. However, implementing these
infrastructure changes may take several years.



Image courtesy of Department of Planning and Environment – Environment and Heritage.  
Western Floodplain, Toorale.
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Implications of implementing 
the algal suppression and fish 
migration connectivity targets
Considering changes to the algal suppression and fish 
migration flow targets is the first step in reviewing 
the North-West Flow Plan. The next step is then to 
understand the potential impacts of implementation, 
the relative effectiveness of achieving these targets in 
different ways, as well as our flow forecasting methods. 
Together, this helps form the basis of discussions about 
whether the benefits of these connectivity targets 
outweigh the potential impacts. Initial analysis on these 
implementation issues are discussed below. 

Changing the timing of water 
taken by supplementary, B class 
and C class licence holders
Access to water under supplementary and B and C 
class licenses is already limited to times defined by 
water sharing plan rules. The intention of updating 
the North-West Flow Plan targets is to introduce rules 
that could better achieve the proposed objectives 
and are more feasible to implement than the existing 
rules. To preserve economic outcomes we need to 
look at ways to adjust the timing of access to take 
water so that less access at one time is offset by more 

access at another time, and also to ensure access is 
not unnecessarily restricted when the flow event is 
unlikely to travel far enough down river to achieve the 
intended targets.

We have undertaken initial analysis on the impacts of 
these proposed targets on upstream licence holders. 
Our initial analysis suggests that under a perfect 
forecast scenario,13 if the algal suppression and fish 
migration targets are implemented by restricting 
supplementary access and B and C class, there could 
be on average, a 2.5% reduction in total long-term 
diversions with impacts varying between valleys 
(Table 2). Variations in impacts occur as a result of the 
difference in the relative importance of each restricted 
category of take and the ability to increase take at other 
times within each valley.

In reality, the impacts to licence holders are likely 
to be larger, as the 2.5% average impact assumes 
there is perfect forecasting knowledge, which is not 
possible, and there will be times when upstream water 
entitlements may be restricted but downstream flow 
targets are not met. 

Table 2. Lower bound perfect forecast estimated impact on water users

Valley Minimum impacts on licence holders based on perfect forecasting scenarios

Border Rivers -4%

Gwydir -3%

Namoi -3%

Macquarie No change

Barwon–Darling Small reduction likely

Average -2.5%

13.	 A	perfect	forecasting	scenario	assumes	we	can	forecast	which	years	to	restrict	to	get	extra	algal/fish	events,	which	is	not	possible.	The	
perfect	forecast	scenario	is	an	estimate	of	the	‘lower	bound’	impacts.
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The above initial analysis assumes restrictions 
apply only at certain times based on the proposed 
algal suppression and fish passage triggers. This 
analysis recognises that some of the reductions 
in supplementary access are offset by increases 
in general security use. The impacts will be highly 
variable, in most years there is likely to be minimal 
change however during wet years after dry periods we 
would expect to see a large effect as the rule restricts 

water take to deliver downstream outcomes. Impacts on 
supplementary access are more pronounced when:

• we assess impacts on supplementary licences 
without considering increases in general security 
use, or 

• when considered on a year by year basis as opposed 
to a long-term average (see Tables 3 and 4 below).

Table 3. Annual impacts – Net impacts in 2001/02 if supplementary licences were restricted to meet fish and 
algal targets based on a perfect forecast run 

Reduction in total diversions for 
2001/02 

Reduction in supplementary 
diversions in 2001/02

Namoi 0% 0%

Border Rivers 0% -3%

Gwydir -1% 1%

Table 4. Annual impacts – Net impacts in 2005/06 if supplementary licences were restricted to meet fish and 
algal targets when there were significant flows available following a dry period. General security carryover 
balances were progressively increased throughout 2005/0614

Reduction in total diversions for 
2005/06

Reduction in supplementary 
diversions in 2005/06 

Namoi -16% -90%

Border Rivers -10% -93%

Gwydir -11% -71%

During drought years when there is no water available, 
or in very wet years the targeted restrictions are not 
required because there is either plenty of water or no 
water. The impacts of restrictions are felt the most in 
the occasional years in between the extreme wet and 
dry periods. When flows are available in the year after 
droughts there is often competition for these flows as 
they are important for communities, farmers and the 
environment. This underlines the need to ensure that 
there are rules in place to share these flows equitably. 

The above tables demonstrate that including dry years 
in the impact assessment minimises the visibility of the 
impact on access during wet years. In addition, the large 
flows of water following dry years play an important 
role in both supporting environmental needs as well as 
sustaining industries through extended dry periods. 

To ensure that we can minimise the social and economic 
impacts of the proposed targets, the NSW Government 
may need to consider options such as:

• increasing supplementary allocations by developing 
options to shift water take out of dry periods and 
providing the opportunity to catch up in ‘good’ years

• changing the supplementary share ratio in the 
Border Rivers, Gwydir and Namoi valleys; or 

• provision of compensation.

Further work will be undertaken to refine our 
understanding of the impacts on water users resulting 
from implementing the proposed targets for the 
community and stakeholders to be able to make an 
assessment of whether the benefits of introducing 
the targets outweighs the impacts. The modelling will 
continue to be refined as the proposed options are 
developed further. 

14. Further information on historical available water determinations is available at: www.industry.nsw.gov.au/water/allocations-availability/
allocations/dashboard
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Flow forecasting capabilities 
The premise of many of the connectivity options is 
about restricting lower priority upstream access to 
provide water for downstream high priority needs. 
However, this is based on the ability of our forecasting 
models to predict if certain flows are likely to reach 
certain points downstream. It is not possible to 
perfectly forecast these scenarios. Good quality 
forecasting at the level assumed in the design of the 
North-West Flow Plan has proved to be an intractable 
issue. This is because forecasts must be made:
• over an extended operational period (travel times to 

reach some flow target points are up to 2 months, 
depending on the location)

• relatively quickly as rainfall and stream flows occur

• over a large geographic area that includes 
multiple regulated and unregulated rivers, and 
interstate flows.

If the draft targets are to be introduced, then 
improvements will first need to be made to the 
operational flow forecasting capability which will 
require a significant amount of investment over a long 
time period. Without upgrading forecasting capability, 
implementing the draft connectivity targets will 
either result in unnecessary impacts on outcomes 
or missed opportunities to improve connectivity at 
important times. 

The department has sought advice on the practicality 
of investing in accelerated forecasting capability 
development and has concluded that whilst an ongoing 
improvement program should be funded, a targeted 
effort to build a high quality forecasting tool in the 
short term will be prohibitively expensive and highly 
likely to fail to meet its objectives. Over the longer term 
improvements in flow forecasting may be possible 
based on improvements in technology (for example 
machine learning), better weather and flow monitoring 
networks, developments in weather forecasting or 
through iteration and learning about the types and 
variability of flow events and the way they move 
through the Northern Basin.

If these connectivity targets are progressed in the short 
term they will need to rely on:

• a rules based approach with simple, blunt triggers 
that provide direction on when to restrict water 
users upstream and allow flows downstream. This 
would not rely on any forecasting and would provide 
clarity to water users but may be less effective in 
meeting downstream targets at important times, or 

• investigating ways to use the current level of 
forecasting capability combined with a decision 
support system to guide operational decision-
making on when to restrict water users to meet 
the proposed targets. This would require each flow 
event to be managed on an individual basis which 
is more complex operationally and dependent on 
expert judgement. But this approach could be 
more effective in meeting downstream targets at 
important times. 

The modelling and analysis will continue to be refined 
as a decision support system and the proposed options 
are further developed.

Restricting floodplain 
harvesting access to meet 
the algal suppression and fish 
migration targets
The benefits of restricting floodplain harvesting on the 
algal suppression and fish migration targets is more 
difficult to assess. We are not yet able to simulate the 
additional proportion of floodplain harvesting that 
would actually return to rivers if restrictions were made. 
As such we have considered what would be expected if 
it is assumed that restrictions to floodplain harvesting 
would result in all floodplain water otherwise taken 
returning to the river from the floodplain (a highly 
conservative assumption). The initial modelling 
indicates that there would be some improvements to 
meeting the algal suppression flow targets, but mostly 
in the years where these flow targets had already 
been met at least once. For the fish migration targets, 
restricting floodplain harvesting access alongside 
restrictions to supplementary and B and C class access 
did provide some benefits to meeting the Bourke and 
Wilcannia fish migration targets.
Further work will be done to improve our ability to 
model floodplain harvesting as it is likely that, should 
the algal suppression and fish migration targets be 
implemented, restrictions on floodplain harvesting 
would be imposed alongside supplementary and B and 
C class take.
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Using general security held 
environmental water to meet 
connectivity objectives 
The 2019 Stocktake of Northern Basin Connectivity 
Rules – Analysis of Implementation and Effectiveness 
report15 concluded that given the challenges associated 
with implementing the North-West Flow Plan 
connectivity rules, initiatives to improve connectivity 
in the Barwon–Darling River should focus on the use 
of regulated held environmental water releases. The 
use of unregulated tributary flows downstream of 
headwater storages to provide connectivity flows 
in the Barwon–Darling is subject to much greater 
forecasting uncertainty than releases of water from 
dams. In the interests of exploring all possible ways 
to meet the connectivity objectives, we have modelled 
the maximum possible benefits associated with using 
232 GL (or 14%) of general security licences to meet 
downstream outcomes. This amount of general security 
licences is equivalent to the entire general security 
held environmental water portfolio in the Border Rivers, 
Gwydir, Namoi and Macquarie–Waambul valleys. These 
modelled results represent the upper limit to potential 
benefits achieved with this volume and are therefore 
unlikely to be achieved in practice.
Our analysis has shown that there are mixed results 
when using held environmental water versus 
restrictions on productive licences. Held environmental 

water licences could be better at meeting lower flow 
targets but with limited effect given its smaller volume. 
Restrictions on supplementary licences could be 
better at meeting higher flow targets but the timing 
of supplementary access events often doesn’t align 
with the times when the algal suppression or fish 
migration targets are required. For example, while fish 
migration targets and the higher flow algal suppression 
target at Wilcannia could be better supported with the 
use of restrictions, the lower flow algal suppression 
targets can be better supported by the use of held 
environmental water licences (see Figures 5 and 6). 

Figure 7 shows the changes that completely restricting 
supplementary licences or using all of the general 
security held environmental portfolio make to 
increasing in the proportion of days that flows are 
above low flow targets at the end of each northern 
tributary valley. 

If the entire general security portion of the 
environmental water portfolio was used for connectivity 
purposes, support for bird or fish breeding events in 
areas such as the Gwydir or Macquarie Marshes would 
have to rely on existing planned environmental water 
provisions, high security held environmental water, and 
other inflows. 

The supplementary and Barwon–Darling access 
restrictions are included in the figures for 
comparison purposes. 

Figure 5. Number of years that there is at least one flow that meets the proposed updated fish migration targets 
through maximum restrictions to B and C class and supplementary access or using general security held 
environmental water (HEW)
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15. Available at, www.industry.nsw.gov.au/water/environmental-water-hub/outcomes



Figure 6. Number of years when any or all of the algal suppression targets are met in comparison with the 
3,000 ML/day target at Wilcannia through restrictions or using general security held environmental water (HEW)
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Figure 7. Increase in the proportion of days that flows are above low flow targets at the end of each northern 
tributary valley based on completely restricting supplementary licences or using all of the general security held 
environmental portfolio



Implementing restrictions 
when they are likely to deliver 
downstream outcomes
We have heard from some stakeholders that water 
should not be able to be taken by lower priority, 
supplementary licences in upstream catchments when 
high priority needs downstream have not been met. 
We know that restricting access to water upstream 
can help to improve water flows downstream at certain 
times. The distances that flows need to travel can be 
thousands of kilometres, and depending on conditions 
a large amount of water may evaporate or seep into 
the riverbed and groundwater. This means that in some 
instances, water in upstream rivers may not reach 
downstream regions. This is supported by the analysis 
we have undertaken. 

Our initial analysis demonstrates that completely 
restricting water users upstream provides little 
additional benefit for downstream targets when 
compared with targeting the restrictions to key periods. 

For example, removing all supplementary take in the 
Northern Basin will result in an additional 10 years 
over a 119-year period with events that meet the 
algal suppression targets, and an additional 2 events 
that meet the fish spawning and migration targets, 
compared to when there is a perfect forecasting 
scenario (see Figures 8 and 9). 

These results are because supplementary events 
generally occur at times when there are already 
higher flows across connected valleys. However, 
it does indicate that changing the timing of when 
supplementary licences take water can help improve 
the higher flows needed to break up and disperse algal 
blooms or encourage fish spawning and migration. 

Targeting the times when restrictions would best 
help to meet these targets could achieve much of the 
benefits and reduce the impact on licence holders. 
However, doing this effectively will depend upon how 
well flows that will achieve the targets can be forecast 
operationally, and understanding the likelihood that 
events will occur naturally. 

Figure 8. Restricting A, B and C class and supplementary access to meet the draft North-West Flow Plan algal 
suppression target at Wilcannia under perfect forecasting and full restrictions scenarios
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Figure 9. Restricting A, B and C class and supplementary access to meet the draft fish migration targets under 
perfect forecasting and full restrictions scenarios
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Excluding the Macquarie–Waambul Valley 
from the North-West Flow Plan

The current North-West Flow Plan and water sharing 
plan rules do not apply in the Macquarie–Waambul 
valley. We don’t propose to change this as restricting 
access to supplementary and floodplain harvesting 
in the Macquarie–Waambul Valley is likely to provide 
negligible incremental benefit to downstream needs. 

This is primarily because there are comparatively small 
amounts of these categories of entitlement in the 
valley and major contributions from the Macquarie–
Waambul River into the Barwon–Darling occur primarily 
during larger flow events. For example, removing 
all 14.4 GL of supplementary water use from the 
Macquarie–Waambul will only provide an end-of-system 
flow increase of 3.4 GL/year with less water flowing 
further downstream. 

Image courtesy of John Spencer, Department of Primary Industries. Lake Pamamaroo, Menindee Lakes.



Next steps
We need to be confident that the benefits of 
implementing the triggers outweigh the impacts and 
that the triggers can be effectively implemented 
and operated. Even with perfect forecasting, this 
initial analysis suggests there could be benefits in 
implementing these targets at certain times, but overall, 
they will not solve all connectivity issues. The benefits 
are likely to be marginal and they come with impacts on 
water users. The operational challenges associated with 
improving connectivity in a fair and effective way will 
need continued, concerted efforts to overcome. Further 
consultation with stakeholders and the community is 
required in order to progress these actions. 

The next steps to progress this option are:

1. develop decision support guidelines based on the 
approach developed for the 2020 Northern Basin 
First Flush Event as a starting point and test this 
approach through desktop modelling, live examples 
and community consultation

2. undertake more detailed impact and economic 
analysis on the proposed options. No changes will be 
made to any of the rules without public consultation 
and further analysis on the potential impacts, 
operational feasibility, as well as investigating how to 
mitigate the impacts

3. identify and assess compensatory actions (if 
required) to remove or offset economic impacts

4. expert panel review of the proposed targets and 
triggers: The 2021 Border Rivers regulated Water 
Sharing Plan requires an independent expert panel 
to review any changes to downstream connectivity 
targets and, if changes are recommended, 
views sought from the public. The expert panel 
assessment will need to consider:

– critical needs of the environment, basic landholder 
rights, domestic and stock, towns in the Barwon–
Darling River

– the adequacy of the proposed targets to meet 
these needs

– the impact of any changes on supplementary 
access in the northern tributaries. 

5. public consultation on any specific water sharing 
plan changes. This would occur before any 
amendments to water sharing plans were made.
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Image courtesy of Destination NSW. Sun setting over the Darling River, Bourke.
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