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Background

This document, prepared by the Water Group in the Department of Climate Change, Energy, the
Environment and Water (the department), reports on the analysis of hydrological scenarios
investigated for the replacement of the Water Sharing Plan for the Namoi and Peel Unregulated
Rivers Water Sources 2012. This report contains information on 4 water sources identified as high or
medium risk at zero and low flow conditions for a second round of public exhibition in September
2025. A more detailed draft Supplementary report was prepared in 2024 that contained additional
water sources (PUB24/492). Those reports were prepared to contribute to internal discussion for the
development of water sharing plan rules, which also considered other factors. While not prepared
for a public audience, this extract is published to improve the availability of information for
stakeholders. The methods utilised in the analysis are available in Appendix 1.

The hydrological scenario analysis utilises an Integrated Quantity and Quality Model (IQQM). It is
implicit that there is some uncertainty associated with information and data used in river system
models. The models are relatively simple in nature and simulation may not be sensitive to small
cease to pump increment changes; however, they provide a relative assessment of the impact of
different cease to pump scenarios based on the model inputs. Importantly, these models are the
best available resource for modelling unregulated river cease to pump scenarios and are useful for
showing trends in flow data. The model also assumes full activation of licence entitlement and that
all licences are managed to a single access rule. This scenario is necessary as data on actual
extraction is not currently available and due to the simple nature of the model. Also, this process
does not take into consideration where licences may have existing access conditions that are
greater than the modelled cease to pump scenarios. The model does enable comparison of different
cease to pump scenarios, and the impact of full licence activation on different flow categories.
When considering whether to change an access rule, the environmental values and modelled
scenario outputs are considered along with other detailed information about the management
settings in place for a particular water source.

Protecting low flows is important as they provide and maintain aquatic refuges, support the life
cycle of water dependent plants and animals, supporting their survival throughout the drier summer
months.
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Introduction

Water Sharing Plan replacement is informed by a risk assessment framework which adopts a
cause/threat/impact model. The approach is consistent with the National Water Initiative Policy
Guidelines for Water Planning and Management (DCCEEW, 2022). This approach:

e provides a systematic way to identify the full range of factors that may lead to an impact, while
also being consistent with the internationally recognised risk standard which considers both
likelihood and consequence

e ensures that management is targeted, efficient and effective, and when used adaptively, is an
excellent tool for determining where future management and monitoring effort is required.

Risk assessments are prepared by the department. The risk assessment for the Namoi (DPIE Water,
2019) was prepared in 2016 for the Murray-Darling Basin Authority as part of the requirements of
the Basin Plan 2012.

River flow in unregulated rivers (i.e. rivers with no major dams) is often protected by environmental
flow rules which prevent water take at specific flow levels. These are called cease-to-pump rules
and are a key management strategy in NSW water sharing plans. These rules aim to protect low
flows and to maintain critical flows for the benefit of basic landholder right water users and the
environment. By using flow components and environmental water requirements, we can align
environmental needs and identify opportunities to support key ecological drivers.

There are opportunities to further support a variety of river dependent threatened and non-
threatened species identified in the water sharing plan area. Important flow components that
support key environmental needs for each water source is discussed below. Additionally, literature
has identified specific water requirements to better support environmental outcomes, for example
for fish and water quality outcomes. Further discussion is provided in the Long Term Water Plans
(see, NSW Long Term Water Plans: Background Information):

e For small and moderate bodied native fish, sufficient flow depth to allow fish movement is at
least 0.3 m (30 cm) (DPI Fisheries, 2019; Fairfull and Witheridge, 2003; O'Conner et al., 2015).

¢ Minimum flow velocities of 0.03 m/s has been suggested as a critical velocity that helps prevent
water quality issues by minimising persistent stratification (Mitrovic et al., 2006).

In addition, increasing the cease to pump level would have ecological benefits. It would:
e protect low flows and maintain river connectivity and refuge pools

e reduce the frequency and duration of zero flow events —decreasing the time the river is dry
while maintaining connectivity for downstream users

e protect aquatic ecosystems, and a range of flow-dependent insects, threatened fish and frog
species

e protect low flows to improve the availability of water for basic landholder rights, health, hygiene,
and emergencies

e align the management of water sources to meet community expectations for improved
protection of aquatic ecosystems

e ensure that water is available for human needs and the environment in the longer term.
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This report shows the hydrological scenarios for 4 water sources. Click to navigate to the water
source of interest:

e Cockburn River Water Source
e Maules Creek Water Source
e Mid Macdonald River Water Source

e Upper Namoi Water Source
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Cockburn River Water Source

Rule scenarios for mitigating hydrological risks

Summary of hydrological scenarios
Several scenarios have been modelled:
e No development

e 0.3 ML/day cease to pump (CtP) (the current rule is greater than 2.5 ML/day on a rising river and
greater than 0.3 ML/day on a falling river)

e 1ML/day cease to pump

e 2.5 ML/day cease to pump

e 5 ML/day cease to pump, and

e 10 ML/day cease to pump.

Modelling showed that a 1 ML/day cease to pump rule does not mitigate hydrological risk.

A 2.5 ML/day to 5 ML/day cease to pump rule would improve environmental outcomes by improving
river connectivity for some flowing water habitats and reducing the length of zero flow periods,
whilst increasing the percentage of days in the low flow category.

10 ML/day would provide the best protection (mitigate all the identified risks) for the environment by
providing both reduced zero flow periods, and increasing the frequency and duration of low flows,
which is very important to maintain connectivity of refuge pools in intermittent and ephemeral
streams and to protect the wetting and drying regime of the stream.

10 ML/day would protect the needs of river ecosystems including protecting habitat for the Murray
Cod, Eel-Tailed Catfish, Purple Spotted Gudgeon, Olive Perchlet, Golden Perch, and Booroolong
Frog, whilst also ensuring water is more available in dry times to supply basic landholder rights, and
requirements for on-farm hygiene and emergencies.

Why is greater protection for low flows needed?

Protecting low flows is important as they provide and maintain aquatic refuges, support the life
cycle of water dependent plants and animals, supporting their survival throughout the drier summer
months.

The risk assessment identified a high risk of increased zero flow periods resulting in loss of surface
flows and river connectivity more often and reduced low flows (80th percentile) in the Cockburn
River water source.

A cease to pump rule can protect all flows below the trigger level. This can enable the system to
slowly and more naturally draw down and support biota, particularly if the system is entering a
drying period. Therefore, introducing appropriate cease to pump rules is beneficial in addressing
risks to ecological critical flows and low flows.
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Aquatic ecology of the water source

The Cockburn water source (Figure 1) supports a range of aquatic species, including the Murray Cod,
Eel-Tailed Catfish, Purple Spotted Gudgeon, Olive Perchlet, Golden Perch, the Booroolong Frog
(known), the Tusked Frog and a variety of aquatic insects important in the river food chain (DPI,
2019). These species require some level of flow in the river to ensure flowing habitats such as riffles,
as well as pool habitats, remain viable for some or all parts of their life cycle. The main requirement
to protect the habitat of these environmental values is to reduce the frequency of zero flow events
throughout the year and provide protection for low flows and very low flows during the breeding

Figure 1. Cockburn River Water Source

A Cockburn River Water Source
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The NSW Department of Primary Industries Fisheries provided an update on native fish information
(from 2010 - 2023) for the Cockburn River and the headwater tributary Swamp Oak Creek. Nine
native fish species were caught in the Cockburn and 4 native fish species in Swamp Oak Creek.
Species included the Australian Smelt, Golden Perch, Murray Cod, carp-gudgeon species complex,
Bony Herring, Freshwater Catfish, Spangled Perch, Murray-Darling Rainbowfish, the Unspecked
Hardyhead, the Mountain Galaxias, and Darling Hardyhead. The latter 2 species were only detected
in Swamp Oak Creek. High numbers of the exotic invasive common carp and eastern gambusia were
also caught in the Cockburn River.

The Cockburn water source supports one of the last known populations of the endangered
Booroolong Frog in northern NSW. It was once widespread along the Cockburn River from Nemingha
all the way upstream through the Cockburn tributaries: Mulla Creek, Swamp Oak Creek, and
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Jamison’s Creek (Figure 2). Through the early 2000s, the Booroolong Frog became rarer but still held
on within the Cockburn River and its tributaries.

After the 2019 drought, the species had contracted to just a few known small pockets where refuge
pools persisted.

The NSW Government, led by the Taronga Conservation Society and the NSW DCCEEW Biodiversity,
Conservation and Science Division established a recovery program for the Booroolong Frog which
collected a subset of frogs from the Cockburn water source to breed in captivity at Taronga Zoo.
The program includes the reintroduction of frogs throughout the Cockburn River catchment area to
assist the population to increase its distribution and recover to its predicted distribution (Figure 2).
Figure 2. Current predicted distribution of the Booroolong Frog in the Cockburn water source. The species contracted to

small areas within the catchment after the 2019 drought but may be present in a variety of locations that have not been
sampled by ecologists
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Protecting low flows in the Cockburn River water source will manage connectivity and habitat
requirements to support the population viability of the Booroolong Frog into the future. River flows
are required to support Booroolong Frog reproduction and tadpole development, provide food
resources, and maintain suitable habitats for all life stages (Coleman et al., 2024). This is particularly
important during the breeding months (spring to Summer) when Booroolong frogs come to sit on
rocks within the flowing sections of the river to mate and lay their eggs within the flowing riffle zone
of the river. Tadpoles require a minimum duration of 2.5 months of river flows in spring—-summer to
allow them to fully develop into juvenile frogs.
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Figure 3. Conceptual model for the endangered Booroolong Frog. The diagram highlights the significance of the 95th
percentile flows for breeding, tadpoles and adult habitat. It also shows the significance of drought refugia (pools) which
would be protected by reducing the number of ecologically critical flow days

Fast flowing riffle/run habitat for Slow flowing permanent pool edge Critical drought refuge for
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The increased frequency and duration of zero flow and low flow events in this water source is a
significant threat to aquatic diversity, as drying has been recognised as one of the leading causes of
diversity decline in rivers. To protect the environment in the Cockburn River water source, the zero
flow events should be reduced to maintain river connectivity and protect in-river pools during dry
periods. This will help build ecological resilience into the water source in a changing climate of
reduced rainfall and stream flows.

An additional concern in this water source is the perceived high level of connectivity that exists
between the river and the Cockburn alluvium (DPE, 2021). When the surface water cease to pump
rule is triggered, continued extraction from adjacent aquifers often continues, with the potential to
reduce instream pool habitats that act as vital instream pool refugia for native fish species and other
fauna. Review of the current surface water cease to pump rule (along with a potential review and
adjustment of the groundwater cease to pump rule) should offer greater resilience to instream
pools during prolonged dry periods.

The risks identified

The analysis identified a high risk to aguatic ecosystems because of reduced low flows and
increased zero flow periods because of licensed extraction in the Cockburn River water source (DPIE
Water, 2019). At the commencement of the water sharing plan in 2012, this water source had

4,365 ML of unregulated access entitlement. A review of unregulated river licensed entitlement in
the NSW Water Register Water Licensing System indicates unregulated entitlement was slightly
lower at 4,325 ML/year in 2022-23. This does not exceed the volumetric limit of 4,399 ML as
outlined in Table-D of the water sharing plan. However, the inclusion of the estimated annual stock
and domestic, and basic landholder rights, may increase the overall take to 4,617 ML/year, assuming
full entitlement is used.

The environmental and hydrological information available for this water source has been reviewed to
determine how the high risks to aguatic ecosystems can be addressed by adjusting the cease to
pump rule for very low flows and low flows. This assessment outlines the information that was
considered.
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Hydrology of the water sources based on observed data

The water source has 2 flow gauges: 419114 in the Kootingal weir pool which is approximately

100 metres downstream of the older Kootingal Bridge gauge (419099) at Kootingal Bridge (towards
the lower end of the catchment) (Figure 1). For the Cockburn River at downstream Kootingal Bridge
Weir (419114) gauge, there is only 4 years of data (2019 to 2023), which is not yet reflective of flow
range variability within this water source. This gauge was installed in 2019 to specifically have the
capacity to measure low flow periods and thus offer greater confidence during low flow and cease-
to-flow periods, than the existing gauge at Kootingal Bridge (419099).

Analysis of the observed flows cleansed dataset1' for the Cockburn River at the downstream
Kootingal Bridge Weir (419114) gauge is based on a relatively short period of record (January 2020 to
November 2023). Due to the short operational period of this gauge, there are limited observed flows
during the water sharing plan period (2012-2022). As such, gauge 419114 data are viewed as ‘interim’
until a greater range of flow regimes have been measured by WaterNSW Hydrometric staff to
improve reliability of the current ratings table. The current data shows that ecologically critical
flows (<1 ML/day) have not yet occurred (as they exceed the 100th percentile based on the available
data), and the 80th percentile flow is 27.5 ML/day. This does not appear to reflect the hydrological
stress on low flows from extraction as outlined in DPIE Water (2019) . This shows that river flows
during the relatively brief period of the gauge have been substantially higher than the full historical
record for this water source using the old gauge (419099) as a comparison.

The data for the previous Kootingal Bridge gauge 419099 (2006-2023) show that ecologically
critical flow periods (< 1 ML/day) represent the 66th percentile, and that the 80th percentile flow is
0.0 ML/day. The current cease to pump rule (0.3 ML/day on a falling limb) represents approximately
the 70th percentile. Compared with the Hydstra flow duration table that covers the start of record
(from 2006) to the start of the water sharing plan (2012) indicates that the 0.3 ML/day cease to
pump represented the 79th percentile at the start of the water sharing plan. This equates to a 9%
increase in annual zero flow periods since the start of the water sharing plan to 2023 (or going from
21% to 30% of the time when flows < 0.3 ML/day occur). This shows that the frequency of <1 ML/day
flows in the river has increased. Comparison of the 80th percentile shows that up to 2012 the flow
was about 0.3 ML/day, and when the water sharing plan period is included the 80th percentile falls
to 0.0 ML/day, with the 0.3 ML/day value now roughly equivalent to the 70th percentile. These
trends in data demonstrate that river flows during the period of the water sharing plan have been
substantially lower than the whole historical record. It should be noted that the period of this water
sharing plan includes the worst drought on record (201-2020).

The Cockburn River water source IQQM model uses an end of system flow sequence calibrated to
419016 flows by the modelling team for the establishment of the regulated model. While uncertainty
associated with the gauge and calibration is inherent in such models, they are the best available
resource for modelling cease to pump scenarios, and in the case of this water source, more useful
for showing trends in flow data than a revised model calibrated to Kootingal Bridge Weir (419114)
flows would be, considering the limited time series and the influence of licensed extraction on the
available data.

Further evidence of the variability of natural river flows over an approximate 50-year period is
presented in Figure 4 and Figure 5. Figure 4 shows an increase in the frequency of below average

' Cleansed data is the observed HYDSTRA data that has filtered to exclude poor quality data and gauge errors.
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annual stream flows (red bar chart) at the Mulla Crossing gauge (419016) since the 1990s. Figure 5
compares the frequency of flow category events. The flow category of greatest concernis “no flow
days”, where there is a noticeable increase in frequency since 1990. Setting a cease to pump rule
such as 0.3 ML/day does not mitigate the stress on the health of the river and will continue the
frequency of no flow days leading up to loss of river connectivity and isolation of instream pools.
The information presented in Figure 4 and Figure 5 was sourced from the Australian Bureau of

Meteorology (bom.gov.au).
Figure 4. Cockburn River at Mulla Crossing tracking the change and variability of stream flows from 1973-2022
Cockburn River at Mulla Crossing (419016)
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Figure 5. A comparative analysis of flow category frequency pre and post 1990 (Hydrologic Reference Stations: Water
Information: Bureau of Meteorology (bom.gov.au), last accessed Wednesday 13 March 2024)
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The ecological implications are that longitudinal instream connectivity is impeded, this also has
implications for water quality, in particular temperature and dissolved oxygen. Also, lateral
connectivity, habitat availability, and the ability for primary productivity to sustain food webs is also
reduced. A high hydrological risk rating currently exists for the 2 low flow categories. Maintaining
such a low cease to pump rule would potentially exacerbate the impacts to instream ecology in this
water source.
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Modelled hydrological option scenarios

The following scenario analysis uses IQQM modelled data. Modelled flows do not represent the
observed flows at the gauge; they are scenarios that are designed to compare flows under different
access rule scenarios. For this investigation, full activation of the entitlement was assumed. The
volume used in the model was 4,459 ML (Appendix 2). Full activation and entitlement assume
access rules are based on mandatory access rules specified in the water sharing plan for that water
source and do not incorporate the higher access rules applied to some licences. Details on any
higher access rules incorporated for this water source is detailed in Appendix 2. The IQQM model
data are simulated end of system flows for Cockburn River from 1892 to 2008, based on the
Modelling team’s regulated model, which was calibrated to observed gauge flows.

The scenarios that have been modelled are:

—_

0.3 ML/day cease to pump

1 ML/day cease to pump

2.5 ML/day cease to pump

5 ML/day cease to pump

10 ML/day cease to pump, and a

S T

No development scenario.

The current cease to pump rule in place in the Cockburn River water source is < 2.5 ML/day on a
rising river and < 0.3 ML/day on a falling river. The main concern is there is currently lack of low flow
data (for example, <1 ML/day) at gauging station 419114, as this is the gauge that surface water
licence holders rely upon. Gathering long term data is important and leads to greater accuracy of
flow data across a range of flows, particularly in low flow regimes and at gauging sites with
insensitive controls. This lack of data during low flow periods means that it is difficult to reliably
model flows at the cease to pump volume and potential impacts on water usage, particularly during
times of high-water demand such as summer. Based on the lack of historical data for the new gauge
(419114) the model was run on an IQQM simulated flow sequence for Cockburn River as described
above.

If a medium or high risk is driven by a significant change to hydrology (likelihood) because of
licensed extraction, then it is useful to consider alternative management rule scenarios to mitigate
these risks. Therefore, in the model the no development scenario represents the flows in the water
source with water entitlement removed from the model —that is, the irrigator node switched off in
the model. The no development scenario gives a benchmark against which the relative difference in
risk between scenarios can be compared (critically, it is not a target scenario). This helps to
determine whether a rule scenario is mitigating the risk identified in the risk assessment (DPIE
Water, 2019). A current condition scenario would be used for planning purposes if data was
available, however, there is a lack of data on current water usage and is not able to be modelled.
Future improved models will aim to include any available data or assumptions around extraction.

The no development scenario was modelled because it represents the base case. This is because:

e aguatic species have evolved life history traits and strategies in direct response to natural
patterns of variation in flow (that is, species are adapted to the natural flow regime)
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e the natural flow regime provides for natural patterns of connectivity in streams and rivers
including intermittent and ephemeral streams, and the maintenance of this connectivity is
essential for the viability of riverine and floodplain species and ecological communities

e low flows are part of the flow regime that are important to aquatic species. Loss of low flows
and increased drying periods can lead to local extinctions of some species and change the
ecology of the stream and the viability of the water supply.

The no development scenario model showed that the ecologically critical flow (< 1 ML/day) occurs at the
91st percentile of all days and the 80th percentile of all days is 4.8 ML/day.

Calculating flow thresholds

The modelled no development scenario is used to calculate the low flow threshold, which is used to
compare rule scenarios. To calculate the low flow threshold the analysis:

e removed days where there was no flow (zero flow days were excluded) — this helps to ensure
that the low flow threshold can be calculated for rivers that flow intermittently

e calculated the 80th percentile — the 80th percentile is used as the low flow threshold and is
consistent with the approach used in the risk assessments (DPIE Water, 2019) and the River Flow
Objectives

e calculated the 95th percentile —the 95th percentile is used as it is consistent with the approach
used in the river flow objectives: River Flow Objectives.

The low flow threshold (80th percentile) for the Cockburn River based on the no development
scenario is 8.7 ML/day. The rating table from the Cockburn River at Kootingal Bridge (419114) gauge
indicates that the water level at 8.7 ML/day is approximately 0.88 m, which is about 17 cm above the
cease to flow level (cease to flow is 0.715 m). Note, this is the flow depth calculated for the gauge
location for the rating curve (current at the time of calculation) and that the cease to flow heights
may vary over time and place due to rivers naturally changing.

Comparison of rule scenarios based on modelled data

Overall, the modelled cease to pump scenarios show a progressive benefit to the flow components
(zero flows, ecologically critical flows and low flows) with each increasing cease to pump rule
scenario. These changes are shown in 6 and 7 and the progressive benefits are discussed within
each flow component below.

Ecologically critical flows

At present the current ‘cleansed’ data and the observed data (Hydstra) indicate that the 100th and
95th percentiles are 1.2 ML/day and 1.1 ML/day respectively, which are above the current cease to
pump rule of 0.3 ML/day on a falling river. As the existing rule (on a falling river) exceeds the 100th
percentile based on gauge 419114, it is not expected to achieve the expected outcomes of a
volumetric flow rule in mitigating the risk to low flows within this water source.

The 1 ML/day scenario provides no additional benefit compared to the 0.3 ML/day cease to pump
rule. The 2.5 ML/day scenario and above (5 ML and 10 ML) provides a benefit, improving the
ecologically critical flow conditions. This can be seen in the reduction of this flow condition from the
0.3 ML and 1 ML/day flow rule scenarios where ecologically critical flows occur 36% of the time and
drop to around 9% of the time under each of the cease to pump rule scenarios above 1 ML/day (see
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the orange portion of the bar chart, Figure 6). The change represents a substantial reduction of 27 %
in ecologically critical flow conditions.

The benefits in the ecologically critical flow condition are also shown in the flow duration curve
(Figure 7), which shows a reduction in the gap between the no development (red line) with each
cease to pump rule scenario (see the arrows showing the benefits at each cease to pump level).

95th percentile flows

The 95th percentile flow in the model data was 1.1 ML/day, only slightly higher than the ecologically
critical flow threshold. All scenarios above 1 ML/day had an increased frequency of 95th percentile
flows by about 3%. (Figure 6).

Low flows

There is no change to the low flow category (blue bar portion of the bar chart) from the current rule
to the 1 ML/day cease to pump scenario. The 2.5 ML/day option shows a shift in flows from
ecological critical flow category to providing greater flows in the low flow category (a shift from
orange to blue in the bar chart). The frequency of this flow category increases from 4% to 29%.
Additionally, the ecological critical flows reduce from 36% to 9% for all scenarios above 1 ML/day.
The flow duration curve (Figure 7) shows that for the 10 ML/day rule scenario there is far greater
maintenance of flows above the low flow threshold than for any of the other cease to pump
scenarios.

Greater than Low flow category

The 10 ML/day cease to pump rule scenario shows improvements to the >low flows component, as it
increases by =16% when compared to the lower cease to pump scenarios. The 10 ML/day scenario is
similar to the no development scenario (Figure 6).

Figure 6. Hydrological model outcomes for Cockburn River (based on Kootingal Bridge gauge 419099). The graph shows
the percent of days per year for ecologically critical flows (<1 ML/day), 95th percentile flows (1 - 1.1 ML/day), low flows (1.1

- 8.7 ML/day), > low flows under 5 different cease to pump scenarios, plus the no development scenario representing
modelled outcomes without diversions
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The cease to pump level is the key driver of differences when comparing modelled rule scenario
benefits in the low flow categories. The rule scenarios displayed in the flow duration curve above
need to be considered in the context of risks identified in the Cockburn River water source. The most
important part of the graph to consider is the lowest end of the hydrograph below the low flow
threshold (the red dashed line on the graph, 8.7 ML/day, 80th percentile of flowing days).

The percentile flows presented in Figure 7 can be interpreted as follows:

e The ‘no development’ (natural flows) scenario (grey line) represents how the system would
operate without any extraction over the long term (zero flows occur 7% of the time).

e All coloured lines below the grey line indicate the volume of water that can be extracted under a
particular cease to pump scenario. As the cease to pump threshold decreases the line falls
further away from the “no development” scenario, showing that there is less protection for low
flows. Note that all levels of extraction commencing on the ‘Y’ axis fall below the ‘no
development’ scenario, indicating that any cease to pump scenario is lower than modelled
natural flows.

e The modelled cease to pump scenarios show that once the cease to pump threshold has been
exceeded irrigators are able to access flows above that threshold. This results in some flows
above the cease to pump threshold being utilised more than in the less restrictive scenarios. This
is because the model assumes that when flows are above that cease to pump threshold irrigator
behaviour will trigger full entitlement take. Prior to this, all river flows below the specified cease
to pump scenario have not been available for access. For example, the purple line representing
the 2.5 ML cease to pump scenario protects all flows below 2.5 ML is similar to the no
development scenario in the low flow portion of the graph, but once irrigators can access flows
they access more flows in the 3-4 ML range than the no visible flow scenario. This shows how
the cease to pump threshold shift water use into higher flow categories. It is important to note
that this data is not observed pumping activity, it is modelled irrigator behaviour, and may or may
not reflect pumping activity.

e All cease to pump scenarios reach a threshold level (set by the designated volume of that rule)
and subsequently flat line. For example, the blue line representing the current 0.3 ML/day cease
to pump scenario closely falls below the grey dashed line (1 ML/day) until its threshold is met
(0.3 ML/day), protecting flows below the 0.3 ML/day threshold. The section of the hydrograph
below this blue line is theoretically protected from extraction, whilst flows above the blue line
and below the grey line (no development) are theoretically available for extraction. The
0.3 ML/day cease to pump scenario falls below the ecologically critical flow threshold (1 ML/day)
of protection. This indicates that the cease to pump scenario of 0.3 ML/day does not adequately
protect flows at the ecologically critical threshold.

e The 1 ML/day cease to pump scenario (green line) matches up with the grey dashed line
protecting flows of <1 ML/day. Under the 1 ML/day cease to pump scenario, flows of 1 ML/day
occur approximately 7% more often than under a 0.3 ML/day option — this is shown by the gap
between the blue and green lines. Increasing the amount of time that the river flows at or above
the ecologically critical threshold is important for connectivity and the ecological assets
identified in this water source.

e Under a 2.5 ML/day scenario, flows of 2.5 ML/day occur approximately 5% more often than
under the 0.3 ML/day scenario.
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e The 10 ML/day cease to pump scenario (brown line) most closely aligns with the no development
scenario and also protects all flows below the 80th percentile which is regarded as the low flow
threshold and would best mitigate the risks from extraction identified in the risk assessments.

Figure 7. Flow Duration of the Cockburn River modelled data, showing the scenarios: 0.3 ML/day, 1 ML/day, 2.5 ML/day, 5

ML/day, and 10 ML/day cease to pump rule scenarios. The red dashed line shows the low flow threshold (80th percentile of

flowing days) and the grey dashed line shows the ecologically critical flow threshold (1 ML). The bottom figure is zoomed in
at the lower half of the flow duration curve
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Flow days at environmental flow thresholds based on the
observed data

Under the current cease to pump condition model there were zero days on average per year where
flows were at 0.3 ML/d (based on the limited available data for gauge 419114 (2/01/2020-5/11/2023
(1,404 days)). There were zero days per year where flows were in the ecological critical flows, and
28 days per year where flows were below the low flow threshold. Protecting flows at these
thresholds would help reduce the stress on the river system as flows reduce. In an earlier section
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titled “Hydrology of the water source based on observed data” it was shown that discharge data
from the Kootingal gauge (419099) had dropped over time with trends in the data set demonstrating
that river flows during the period of the water sharing plan have been substantially lower than the
whole historical record. The latest comparative gauging data (Cockburn @ Mulla Crossing 419016)
provided by WaterNSW indicates the changing patterns and behaviour of river flow conditions within
this water source. The frequency of zero flows in the river has increased and this trend continues for
all the percentiles presented, confirming that river flows throughout this water source have been
substantially lower than the whole historical record. The WaterNSW information also states that the
‘cease-to-flow’ height (metres) at the gauge has dropped from 0.136 metres to -0.094 metres,
representing a fall of 0.142 metres. This is indicative of the changes to the rating curve and are
reflected in the changes presented in Table 1.

Table 1. Change in river discharge pre water sharing plan and water sharing plan inclusive (2003 - 2023) against the
current water sharing plan period (2013-2023) based on data at the Mulla Crossing gauge (419016)

Flow rate %ile value past 20 %ile value past 10
(ML/day) years (2003-2023) years (2013-2023)
0.0 86th 82nd
1.0 74th 70th
5.0 63rd 60th
10 54th 52nd
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Maules Creek Water Source

Rule scenarios for mitigating hydrological risk

Summary of hydrological scenarios

Several rule scenarios have been modelled:

e No development

e 1ML/day cease to pump

e 2 ML/day cease to pump

e 5 ML/day cease to pump, and

e 10 ML/day cease to pump.

A 1 ML/day cease to pump rule (the current rule) does not mitigate hydrological risk.

A 2 ML/day or greater (5 ML and 10 ML) cease to pump rule would decrease the number of zero flow
days or ecologically critical flow days compared to the 1 ML/day rule. This would improve
environmental outcomes by increasing some flowing water habitats and reducing the severity of
ecologically critical flows.

Based on the modelled data, the 10 ML/day scenario would improve environmental outcomes by
increasing the frequency of >low flows (green portion of bar plot) and reducing the severity of low
flows (blue portion of bar plot), increasing flow connectivity and increasing habitat area.

The 10 ML/day scenario would provide the best protection (mitigating identified risks) for the
environment by providing increased duration of flowing periods like those expected under a ‘no
development’ scenario. This would help protect and sustain a series of instream pools that are
deemed highly connected to adjacent groundwater sources, particularly during drier periods. These
pools provide important refuge habitats in intermittent and ephemeral streams.

The 10 ML/day scenario would protect the needs of river ecosystems including protecting habitat for
the Eel-Tailed Catfish, Purple Spotted Gudgeon, Olive Perchlet, the Booroolong Frog (predicted) and
flow-dependent macroinvertebrate communities, whilst also ensuring more water is available in dry
times to supply basic landholder rights, as well as requirements for health, on-farm hygiene and
emergencies.

Why is greater protection for low flows needed?

Protecting low flows is important as they provide and maintain aquatic refuges, support the life
cycle of water dependent plants and animals allowing their survival throughout the drier summer
months.

The risk assessment identified a high risk of increased zero flow periods resulting in loss of surface
flows and river connectivity and reduced low flows (80th percentile) in the Maules Creek water
source.

Increasing the cease to pump threshold will also offer greater protection to vital habitat instream
pools near Elfin crossing. During periods of low or zero river flow these pools can be continued to be
drawn down by groundwater extraction within the management zone. The groundwater cease to
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pump rule is activated by the surface water cease to pump rule. Increasing the surface water cease
to pump rule may activate the groundwater rule sooner, giving greater protection to vital instream
pool habitats.

An appropriate cease to pump rule can protect all flows below the trigger level. This can enable the
system to slowly and more naturally draw down and support biota, particularly if the system is
entering a drying period. Therefore, there is a benefit to be made by introducing cease to pump rules
to address risks to ecologically critical flows, 95th percentile flows, low flows and >low flows.

Aquatic ecology of the water source

This water source supports a range of aquatic species, including the Booroolong Frog (predicted),
Davie's Tree Frog, Tusked Frog, Eel-Tailed Catfish, Purple Spotted Gudgeon, Olive Perchlet and a
variety of aquatic insects important in the river food chain (DPI, 2019). These species require some
level of flow in the river to ensure flowing habitats such as riffles, as well as pool habitats, remain
viable for some or all parts of their life cycle. The main requirement to protect the habitat of these
environmental values is to reduce the frequency of zero flow events throughout the year and
provide protection for low flows during the breeding season (spring to summer). The Maules Creek
water source including major tributaries, licensed entitlement, ecological value and structures are
presented in Figure 8. High to very high HEVAE values exist within the upper and lower reaches of
this water source.

Figure 8. Maules Creek Unregulated Water Source
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The increased frequency and duration of zero flow events in this water source is a significant threat
to aquatic diversity, as drying has been recognised as one of the leading causes of diversity decline
inrivers (Leigh, 2013; Leigh and Datry, 2017, p. 20). To protect the environment in the Maules Creek
water source, the zero flow events should be reduced to maintain river connectivity and protect in-
river pools during dry periods. This will help build ecological resilience into the water source in a
changing climate of reduced rainfall and stream flows.

This water source is also considered to be highly connected with groundwater (Andersen and
Acworth, 2009), with a series of near-perennial instream pools near Elfin crossing (upstream of
gauge 419051) and sensitive to groundwater pumping. The Long-Term Water Plan (2020)
recommends reviewing the cease to pump rule at Avoca East Gauge (419051). The latest
groundwater rules are linked to the surface water rule and are designed to offer greater protection
to instream pools, particularly during extended dry periods. In the past, pumping restrictions have
been imposed on groundwater users during dry seasons to reduce impacts on creek flows.
Reviewing the effectiveness of the current cease to pump rule (< 1 ML/day) in protecting low flows
will increase protection of perennial pools that offer vital refugia habitat during cease-to-flow
periods (NRC, 2023).

The risks identified

The analysis identified a high risk to aquatic ecosystems because of reduced low flows and
increased zero flow periods as a result of licensed extraction in the Maules Creek water source
(DPIE Water, 2019). The consequence rating is high, which indicates the ecological values of the
water source are high value (DPIE Water, 2019). At the commencement of the water sharing planin
2012, this water source had 1,406 ML of unregulated access entitlement. A review of unregulated
river licensed entitlement in the Water Licensing System indicates unregulated entitlement was
lower at 1,102 ML/year in 2022/23. This exceeds the volumetric limit of 1,079 ML as outlined in
Table-D of the water sharing plan by 23 ML. The inclusion of estimated annual stock and domestic,
and basic landholder rights, increases the overall take to 1,468.4 ML/year, assuming full entitlement
is taken.

The environmental and hydrological information available for this water source has been reviewed to
determine how the high risks to aguatic ecosystems can be addressed by adjusting the cease to
pump rule for low flows. This assessment outlines the information that was considered.

Hydrology of the water source based on observed data

The water sharing plan references the flow gauge 419051 Maules Creek at Avoca East in the Maules
and Horseman creeks management zone, which is in the lower catchment. Analysis of the observed
flows (cleansed dataset? for Maules Creek at Avoca East (419051) gauge for the historical period of
record (1972 to 2023) shows that ecologically critical flow (£ 1 ML/day) represent the 85th
percentile and the 80th percentile is 1.7 ML/day. A groundwater zone access rule is in place due to
the connectivity between the surface water and groundwater water sources. The rule states that
water must not be taken under an aquifer access licence with an extraction component if there is no
flow at the Maules Creek at Avoca East gauge (419051) for 14 consecutive days.

2 Cleansed data is the observed HYDSTRA data provided by the modelling team and filtered to exclude poor
quality data and gauge errors.
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We also compared observed flows obtained from the Hydstra database for 2 scenarios per gauge:
e the commencement of the gauge operation to the start of the water sharing plan in 2012 and,
e the commencement of gauge operation to 2023 for each gauge.

This was done to see if there were any changes to the percentile flow categories (example, 80th
percentile) at the commencement of the water sharing plan and to the present time (2022-23). If
changes are evident over the life of the water sharing plan it does reflect changes to the pattern of
low flows and may potentially be an indication of the impact of climate variability and should be
considered. During the life of the water sharing plan the water source was subject to both droughts
and floods.

The Maules Creek gauge at East Avoca (419051) data commenced in 1975.

The East Avoca gauge shows that ecologically critical flow (< 1 ML/day, cease to pump) up to 2012
represented the 87th percentile, and up to 2023 <1 ML/day dropped to the 85th percentile. For the
80th percentile the equivalent flow dropped from 2.0 ML/day to 1.6 ML/day.

This shows that based on the long-term gauged data, river flows since the commencement of the
water sharing plan have been reduced and may lead to increased hydrological stress during the zero
and low flow categories (DPIE Water, 2019).

The analysis indicates that there has been a 2% increase in the river being <1 ML/day in the last ten
years (that is, the frequency of ecologically critical flows has increased). The change from

2.0 ML/day to 1.6 ML/day for the 80th percentile is also indicative of the trend in flow rates observed
at the gauge, which demonstrate that river flows during the period of the water sharing plan have
been lower than the whole historical record. It should be noted that the period of this water sharing
plan includes the worst drought on record (2017-2020).

Modelled scenarios

The following scenario analysis used IQQM modelled data. Modelled flows do not represent the
observed flows at the gauge, they are scenarios that are designed to compare flows under different
access rule scenarios. For this investigation, full activation of the entitlement was assumed. The
volume used in the model was 1,079 ML (Appendix 3). Full activation and entitlement assume access
rules are based on mandatory access rules specified in the water sharing plan for that water source
and do not incorporate the higher access rules applied to some licences. Details on any higher
access rules incorporated for this water source is detailed in Appendix 3. For the Maules Creek at
Avoca East (419051) gauge the model includes 108 years of data (1890 to 1997) (Sayers et al., 2018).

The scenarios that have been modelled are:
1. 1ML/day cease to pump

2. 2 ML/day cease to pump

3. 5 ML/day cease to pump

4. 10 ML/day cease to pump

5. no development.

If a medium or high risk is driven by a significant change to hydrology (likelihood) then it is useful to
consider alternative management rule scenarios to mitigate these risks. Therefore, in the model the
no development scenario represents the flows in the water source with water entitlement removed
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from the model —that is, the irrigator node switched off in the model. The no development scenario
gives a benchmark against which the relative difference in risk between scenarios can be compared
(critically, it is not a target scenario). This helps to determine whether a rule scenario is mitigating
the risk identified in the risk assessment (DPIE Water, 2019). A current condition scenario would be
used for planning purposes if data was available, however, there is a lack of data on current water
usage and is not able to be modelled. Future improved models will aim to include any available data
or assumptions around extraction.

The no development scenario was modelled because it represents the base case. This is because:

e aguatic species have evolved life history traits and strategies in direct response to natural
patterns of variation in flow (that is, species are adapted to the natural flow regime)

e the natural flow regime provides for natural patterns of connectivity in streams and rivers
including intermittent and ephemeral streams, and the maintenance of this connectivity is
essential for the viability of riverine and floodplain species and ecological communities

o low flows are part of the flow regime that are important to aquatic species. Loss of low flows
and increased drying periods can lead to local extinctions of some species and change the
ecology of the stream and the viability of the water supply.

Based on the modelled no development scenario, ecologically critical flows (<1 ML/day) occur at the
96th percentile and the 80th percentile is 4.8 ML/day.

Calculating flow thresholds

The modelled no development scenario is used to calculate the flow thresholds used to compare
between rule scenarios.

To calculate the low flow threshold the analysis:

e removed days where there was no flow (zero flow days were excluded) — this helps to ensure
that the low flow threshold can be calculated for rivers that flow intermittently

e calculated the 80th percentile —the 80th percentile is used as the low flow threshold and is
consistent with the approach used in the risk assessments (DPIE Water, 2019) and the River
Flow Objectives

e calculated the 95th percentile —the 95th percentile is used as it is consistent with the
approach used in the river flow objectives: River Flow Objectives.

The low flow threshold for Maules Creek based on the no development scenario is 4.8 ML/day. The
rating table from the Maules Creek at Avoca East (419051) gauge indicates that the water level at

4.8 ML/day is approximately 19 cm, which represents approximately 2 cm above the cease to flow

level (cease to flow level is 0.165 m). Note, this is the flow depth calculated for the gauge location

for the rating curve (current at the time of calculation) and that the cease to flow heights may vary
over time and place due to rivers naturally changing.

Comparison of rule scenarios based on modelled data

Overall, the modelled cease to pump scenarios show a progressive benefit to the flow components
(ecologically critical flow, low flows, and > low flows) with each increasing cease to pump rule
scenario. These changes are shown in Figure 9 and Figure 10, and the progressive benefits are
discussed within each flow component below.
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Ecologically critical flows

The current cease to pump rule of 1 ML/day sits at the ecologically critical flow threshold. The
modelling shows that the cease to pump rule scenarios of 2 ML/day and above (5 ML and 10 ML) are
predicted to provide benefit and reduce the occurrence of ecologically critical flow conditions. The
modelled current cease to pump rule of 1 ML/day does not achieve this, with critical flows occurring
on average 20% of the time. The modelling showed that increasing the cease to pump rule lowers
the frequency of critical flows occurring to 16%, 8%, and 4% of the time for the 2 ML/day, 5 ML/day,
and 10 ML/day scenarios respectively (orange portion of bar chart) (Figure 9), a reduction of up to
16% in the frequency of ecologically critical flow conditions.

95th percentile flows

The 95th percentile flow in the model data was 1.2 ML/day, only slightly higher than the ecologically
critical flow threshold. The 2 ML/day, 5 ML/day, and 10 ML/day scenarios all have a higher frequency
of 95th percentile flows than the scenario based on the existing rule.

Low flows

Both the 5 ML/day and 10 ML/day cease to pump rule scenarios show a reduction in frequency to
low flow components (flows at the 80th percentile of flowing days — 4.8 ML/day based on the model
data) and a subsequent improvement or increase in the protection of the >low flows component,
with similar results to the no development scenario. The flow duration curve (Figure 10) shows that
for both the 10 ML/day and 5 ML/day rule scenarios there is far greater maintenance of flows above
the low flow threshold (80th percentile) than for the other cease to pump scenarios.

Greater than (>) Low flow category

The modelling indicates that the 10 ML/day cease to pump rule scenario shows improvement in

the >low flows component, which increases by about 7% when compared to the lower cease to
pump scenarios (Figure 9). The 10 ML/day scenario most closely aligns with the ‘no development’
scenario, which represents how the system would operate without any extraction over the long term.
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Figure 9. Hydrological model outcomes for Maules Creek at Avoca East (419051) gauge based on 107 years of modelled
data (1890- 1997). The graph shows the percent of days per year for ecologically critical flows (orange portion of bar plot:
<1 ML/day), 95th percentile flows (1 - 1.2 ML/day), low flows (1.2 - 4.8 ML/day), > low flows under 4 different cease to pump
scenarios, plus the no development scenario representing modelled outcomes without diversions
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The cease to pump level is the key driver of differences when comparing modelled rule scenario
benefits in the low flow categories. This means that very small differences in the modelled rule
scenarios in one specific portion of the graph, do not mean that there are benefits to the
environment overall from that scenario. The rule scenarios displayed in the flow duration curve
above need to be considered in the context of the risks identified in the Maules Creek water source.
The most important part of the graph to consider is the lowest end of the hydrograph below the low
flow threshold (the red dashed line on the graph, 4.8 ML/day, 80th percentile of flowing days). The
flow duration curve below (Figure 10) shows that the 5 ML/day and 10 ML/day scenarios protect
flows above the low flow threshold which is the 80th percentile of flowing days.
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Figure 10. Flow Duration Curve of the Modelled data (1890- 1997) for Maules Creek at Avoca East (419051), showing the
modelled scenarios: 1 ML/day, 2 ML/day, 5 ML/day, and 10 ML/day cease to pump. The red dashed line shows the low flow
threshold (80th percentile of flowing days) and the grey dashed line shows the ecologically critical flow threshold (1 ML).
The bottom figure is zoomed in at the lower half of the flow duration curve
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Flow days at environmental flow thresholds based on the
observed data

Under the current cease to pump condition model there were 88 days on average per year where
flows were less than 1 ML/d (based on the water sharing plan period (19/09/2012-05/11/2023,
4,054 days). There were approximately 188 days per year where flows were below the low flow
threshold. Protecting flows at these thresholds would help reduce the stress on the river system as
flows reduce.
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Mid Macdonald River Water Source

Rule scenarios for mitigating hydrological risk

Summary of hydrological scenarios
Several scenarios have been modelled:

e No development

e 10 ML/day cease to pump

e 15 ML/day cease to pump, and

e 20 ML/day cease to pump.

The current 10 ML/day cease to pump rule provides the same outcome as the other scenarios for the
occurrence of ecologically critical low flows at 5%. The 15 ML/day and 20 ML/day scenarios provide
the best protection in mitigating the current low flow risks identified, by reducing the frequency of
95th percentile flows by 10%. The benefits to the environment include increasing the time that there
are low flows which is very important to maintain connectivity of refuge pools and to protect the
wetting and drying regime of the stream. This is achieved by increasing flows at the low flow
category (blue portion of bar chart: Figure 14).

15 ML/day or greater would protect the needs of river ecosystems including protecting habitat for
the Murray Cod, Eel-Tailed Catfish, Bell's Turtle, Booroolong Frog, and flow-dependent
macroinvertebrate communities, whilst also ensuring water is more available in dry times to supply
basic landholder rights, as well as requirements for health, on-farm hygiene and emergencies.

Why is greater protection for low flows needed?

Protecting low flows is important as they provide and maintain aquatic refuges, support the life
cycle of water dependent plants and animals and allow their survival throughout the drier summer
months.

The risk assessment identified a medium risk of increased zero flow periods resulting in loss of
surface flows and river connectivity and a high risk of reduced low flows (80th percentile) in the Mid
Macdonald River water source.

A cease to pump rule can protect all flows below the trigger level. This can enable to system to
slowly and more naturally draw down and support biota, particularly if the system is entering a
drying period. Therefore, there is a benefit to be made by introducing appropriate cease to pump
rules to address risks to ecologically critical flows, 95th percentile flows, low flows and >low flows.

Aquatic ecology of the water source

This water source supports a range of aquatic species, including the Booroolong Frog, Davie’'s Tree
Frog, Tusked Frog, Murray Cod, Bell's Turtle and Eel-Tailed Catfish and a variety of aquatic insects
important in the river food chain (DPI, 2019). These species require some level of flow in the river to
ensure flowing habitats such as riffles, as well as pool habitats, remain viable for some or all parts of
their life cycle. The main requirement to protect the habitat of these environmental values is to

Hydrological analysis, a supplementary report extract for Water Sharing Plan review 29



reduce the frequency of zero flow events throughout the year and provide protection for low flows
during the breeding season (spring to summer).

The increased frequency and duration of zero flow events in this water source is a significant threat
to aquatic diversity, as drying has been recognised as one of the leading causes of diversity decline
inrivers (Leigh, 2013; Leigh and Datry, 2017). To protect the environment in the Mid Macdonald River
water source, the zero flow events should be reduced to maintain river connectivity (riffle - pool
sequences) and protect in-river pools during dry periods. This will help build ecological resilience
into the water source in a changing climate of reduced rainfall and stream flows. The Mid
Macdonald River water source including major tributaries, licensed entitlement, ecological value and
structures are presented in Figure 11.

Figure 11. Mid Macdonald River Water Source

% Mid Macdonald River Water Source

S
N AWORTH
A o 5 10
— KM

Duta soisees DPY Faherws,

NEW Indusiry | Lands & Water | Waier.

e of Emoronment and Hertage

Unregulated licensed entitlement (ML) Threatened Fish HEVAE
- A Pricrity fish barrie Regulated

< 250 - 500 - 1000 - 2500 > & Murray Cod Very Low A F;h“;yame[ rier WA ROLrCS
. e © @O + Silver Perch Medium ~—~— DIWA
Eel-tailed Catfish High —_—— & Pumps =200mm wetland

¢ Sampled - no threatened species obsenved Very High o= Mag produced by BESW industry | Lands & Wadsr | Water

Biowermiber 2018

The risks identified

The analysis identified a high risk to aquatic ecosystems because of reduced low flows and
increased zero flow periods as a result of licensed extraction in the Mid Macdonald River water
source (DPIE Water, 2019). The consequence rating is medium, which indicates the ecological values
of the water source are medium and sensitive to an altered hydrological regime (DPIE Water, 2019).
At the commencement of the water sharing plan in 2012, this water source had 4,818 ML of
unregulated access entitlement. A review of unregulated river licensed entitlement in the Water
Licensing System indicates unregulated entitlement was lower at 4,269 ML/year in 2022-23. This
does not exceed the volumetric limit of 5,872 ML as outlined in Table-D of the water sharing plan.
This slight decrease in licensed extraction is unlikely to have reduced the identified high risks to
zero flow and low flows and it is expected that these risks continue. The inclusion of the estimated
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annual stock and domestic and basic landholder rights and local water utility entitlements increase
the overall take to 5,246.5 ML/year, assuming full entitlement is taken. The environmental and
hydrological information available for this water source has been reviewed to determine how the
medium and high risks to aquatic ecosystems can be addressed by adjusting the cease to pump rule
for very low flows and low flows. This assessment outlines the information that was considered.

Hydrology of the water source based on observed data

The water source has 2 flow gauges 419010 Macdonald River at Woolbrook (upper part of water
source), and 419028 Macdonald River at Retreat which is in the lower part of the water source.
Analysis of the observed flows (cleansed dataset®) at Woolbrook (419010) gauge for the historical
period of record (1927 to 2023) shows that ecologically critical flows (< 1 ML/day) represent the
98th percentile, the 80th percentile is 31.8 ML/day and the <10 ML/day cease to pump is =94th
percentile. The observed flows (cleansed dataset) at Retreat (419028) gauge for the historical
period (1965 to 2023) shows that ecologically critical flow (< 1 ML/day) represent the 94th
percentile, the 80th percentile is 26.4 ML/day and the <10 ML/day cease to pump is =89th
percentile.

We also compared observed flows obtained from the Hydstra database for 2 scenarios per gauge:
e the commencement of the gauge operation to the start of the water sharing plan in 2012 and,
e the commencement of gauge operation to 2023 for each gauge.

This was done to determine if there were any changes to the percentile flow categories (for
example, 80th percentile) at the commencement of the water sharing plan and to the present time
(2022-23). If changes are evident over the life of the water sharing plan it does reflect changes to
the pattern of low flows and may potentially be an indication of the impact of climate variability.
During the life of the water sharing plan the water source was subject to both droughts and floods.

The Woolbrook gauge (419010) data commenced in 1979 and the Retreat gauge (419028) in 1982.

The Woolbrook gauge shows that ecologically critical flows (<1 ML/day) up to 2012 represented the
99th percentile, and up to 2023 <1 ML/day dropped to the 97th percentile. For the 80th percentile
the equivalent flow dropped from 30.1 ML/day to 25.1 ML/day. When comparing the cease to pump
value (<10 ML/d) at the start of the water sharing plan (2012) it was approximately the 93rd
percentile, by 2023 it had dropped to the 90th percentile.

The Retreat gauge (419028) ecologically critical flows (< 1 ML/day) represent the 97th and 85th
percentiles, for the 2012 and 2023 scenarios respectively. The 80th percentile flow value dropped
from 31 ML/day to 21.2 ML/day. The cease to pump (£ 10 ML/day) at the start of the water sharing
plan was at the 92nd percentile, by 2023 it had dropped to the 89th percentile. This shows that
based on the long-term gauge data river flows since the commencement of the water sharing plan
have been reduced and will lead to increased hydrological stress during the zero and low flow
categories (DPIE Water, 2019).

Another line of evidence that reflects the changing variation and reliability of natural river flows
over an approximate 50-year period is presented in Figure 12 and Figure 13. Figure 12 shows an
increase in the frequency of below average annual stream flows at the Woolbrook gauge (419010)
since the 1990s. Figure 13 compares the frequency of flow category events pre and post 1990. The

% Cleansed data is the observed HYDSTRA data provided by the modelling team and filtered to exclude poor
quality data and gauge errors.
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flow categories where there is noticeable impact are the small and large freshes and bank-full

events. The information is sourced from the Australian Bureau of Meteorology (bom.gov.au).

Figure 12. Mid Macdonald River at Woolbrook, tracking the change and variability of stream flows from 1979-2022
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Figure 13. Comparative analysis of flow categories pre and post 1990 (Hydrologic Reference Stations: Water Information:

Bureau of Meteorology (bom.gov.au), last accessed Wednesday 13th March 2024)
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The analysis shows that in the last ten years the time the river is in ecologically critical flows (when
the river is <1 ML/day) has increased by 13 %. Additionally, the change from 4.6 ML/day to O ML/day
for the 80th percentile shows us that the discharge rate at the gauge is too low for a reading above
zero to be obtained. Both trends in the data set demonstrate that river flows during the period of the
water sharing plan have been substantially lower than the whole historical record. It should be noted
that the period of this water sharing plan includes the worst drought on record (2017-2020).
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Modelled scenarios

The following scenario analysis used IQQM modelled data. Modelled flows do not represent the
observed flows at the gauge, they are scenarios that are designed to compare flows under different
access rule scenarios. For this investigation, full activation of the entitlement was assumed. The
volume used in the model was 4,485.5 ML (Appendix 4). Full activation and entitlement assume
access rules are based on mandatory access rules specified in the water sharing plan for that water
source and do not incorporate the higher access rules applied to some licences. Details on any
higher access rules incorporated for this water source is detailed in Appendix 4. The IQQM model
data are simulated end of system flows for gauge 419028 from 1965 to 1987.

The scenarios that have been modelled are:
e 5 ML/day cease to pump

e 10 ML/day cease to pump

e 15 ML/day cease to pump

e 20 ML/day cease to pump, and a

e No development scenario.

The current cease to pump rule in place in the Mid Macdonald River water source is <10 ML/day at
gauges 419010 (Woolbrook) and 419028 (Retreat).

If a medium or high risk is driven by a significant change to hydrology (likelihood) because of
licensed extraction, then it is useful to consider alternative management rule scenarios to mitigate
these risks. Therefore, in the model the no development scenario represents the flows in the water
source with water entitlement removed from the model —that is, the irrigator node switched off in
the model. The no development scenario gives a benchmark against which the relative difference in
risk between scenarios can be compared (critically, it is not a target scenario). This helps to
determine whether a rule scenario is mitigating the risk identified in the risk assessment (DPIE
Water, 2019). A current condition scenario would be used for planning purposes if data was
available, however, there is a lack of data on current water usage and is not able to be modelled.
Future improved models will aim to include any available data or assumptions around extraction.

The no development scenario was modelled because it represents the base case. This is because:

e aguatic species have evolved life history traits and strategies in direct response to natural
patterns of variation in flow (that is, species are adapted to the natural flow regime)

e the natural flow regime provides for natural patterns of connectivity in streams and rivers
including intermittent and ephemeral streams, and the maintenance of this connectivity is
essential for the viability of riverine and floodplain species and ecological communities

e low flows are part of the flow regime that are important to aquatic species. Loss of low flows
and increased drying periods can lead to local extinctions of some species and change the
ecology of the stream and the viability of the water supply.

The no development scenario model showed that the 95th percentile flow is 12.2 ML/day and the 80th
percentile is 45.6 ML/day.
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Calculating flow thresholds

The modelled no development scenario is used to calculate the low flow threshold, which is used to
compare rule scenarios.

To calculate the low flow threshold the analysis:

e removed days where there was no flow (zero flow days were excluded) — this helps to ensure
that the low flow threshold can be calculated for rivers that flow intermittently

e calculated the 80th percentile — the 80th percentile is used as the low flow threshold and is
consistent with the approach used in the risk assessments (DPIE Water, 2019) and the River Flow
Objectives

e calculated the 95th percentile —the 95th percentile is used as it is consistent with the approach
used in the river flow objectives: River Flow Objectives.

The low flow threshold (80th percentile) for the Mid Macdonald River based on the no development
scenario is 45.6 ML/day. The rating table for the Mid Macdonald River at Retreat (419028) gauge
indicates that the water level at 45.6 ML/day is approximately 0.46 m, which is about 31 cm above the
cease to flow level (0.15 m). Note, this is the flow depth calculated for the gauge location for the rating
curve (current at the time of calculation) and that the cease to flow heights may vary over time and
place due to rivers naturally changing.

Comparison of rule scenarios based on modelled data

Overall, the modelled cease to pump scenarios show a progressive benefit to the flow components
(ecologically critical flows and 95th percentile flows) with each increasing cease to pump rule
scenario. These changes are shown in Figure 14 and Figure 15 and the progressive benefits are
discussed within each flow component below.

Ecologically critical flows

The current 10 ML/day cease to pump scenario and above (15 ML and 20 ML) provide the same
benefit to the ecologically critical flow conditions as the no development scenario, occurring around
4% of the time under each of the cease to pump rule scenarios (see the orange portion of the bar
chart in Figure 14).

The benefits in the ecologically critical flow condition are also shown in the flow duration curve
(Figure 15) which shows that all volumetric scenarios modelled are well above the critical threshold
of 1 ML/day (grey line).

95th percentile flows

The 95th percentile flow in the model data was 12.2 ML/day. All scenarios >10 ML/day impact the
frequency of 95th percentile flows by reducing the frequency by 10% (yellow portion of the bar
chart). Greatest benefit exists when a 215 ML/day scenario is in place with a 9% increase the
occurrence of the low flow scenario (blue portion of bar chart) (Figure 14). When flows drop below
the low flow scenario (blue portion of bar chart) the 95th percentile flow plays a key role in
maintaining connectivity between instream pools and helping reduce the number of ecologically
critical flow days (orange portion of bar chart).
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Low flows

The occurrence of low flows is most noticeable when comparing the current 10 ML/day cease to
pump scenario to the 15 ML/day and 20 ML/day scenarios (Figure 14). Low flows increase by =9%
whilst reducing the occurrence of 95th percentile flows by =10%.

Greater than (>) Low flow category

The volumetric cease to pump scenarios made no apparent difference to the >low flows component,
which only occurred 5% of the time for all scenarios (Figure 14).

Figure 14. Hydrological model outcomes for Mid Macdonald River. The graph shows the percent of days per year for
ecologically critical flows (<1 ML/day), 95th (1 - 12.2 ML/day), low flows (12.2 - 45.6 ML/day), > low flows under 3 different
cease to pump scenarios, plus the no development scenario representing modelled outcomes without diversions
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Figure 15. Flow Duration of the Mid Macdonald River modelled data, showing the scenarios: 10 ML/day, 15 ML/day, and 20
ML/day cease to pump rule scenarios. The red dashed line shows the low flow threshold (80th percentile of flowing days)
and the grey dashed line shows the ecologically critical flow threshold (1 ML). The bottom figure is zoomed in at the lower
half of the flow duration curve
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The modelled cease to pump scenarios show that once the cease to pump threshold has been
exceeded, irrigators are able to access flows above that threshold. This results in some flows above
the cease to pump threshold being utilised more than in the less restrictive scenarios. This is
because the model assumes that when flows are above that cease to pump threshold irrigator
behaviour will trigger full entitlement take, prior to this all river flows below the specified cease to
pump scenario have not been available for access. For example, the red line representing the 10 ML
cease to pump scenario protects all flows below 10 ML and is like the no development scenario in
the low flow portion of the graph but once is available irrigators can take more flows in the 11-14 ML
range than the no visible flow scenario. This shows how the cease to pump threshold shifts water
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use into higher flow categories. It is important to note that this data is not observed pumping
activity, it is modelled irrigator behaviour and may or may not reflect pumping activity.

The cease to pump level is the key driver of differences when comparing modelled rule scenario
benefits in the low flow categories. The rule scenarios displayed in the flow duration curve above
need to be considered in the context of risks identified in the Mid Macdonald River water source.
The most important part of the graph to consider is the lowest end of the hydrograph below the low
flow threshold (the red dashed line on the graph, 45.6 ML/day, 80th percentile of flowing days).

Flow days at environmental flow thresholds based on the
observed data

Under the current cease to pump condition there was 78 days on average per year that flows were
less than 10 ML/d (based on the water sharing plan period (19/09/2012 - 05/11/2023 (4,054 days).
There was approximately 147 days per year where flows were below the low flow threshold.
Protecting flows at these thresholds would help reduce the stress on the river system as flows
reduce.
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Upper Namoi Water Source

Rule scenarios for mitigating hydrological risk

Summary of hydrological scenarios
Several scenarios have been modelled:

e No development

e 1ML/day cease to pump

e 2 ML/day cease to pump

e 5 ML/day cease to pump, and

e 10 ML/day cease to pump.

The current 1 ML/day cease to pump rule scenario does not offer adequate ecological protection
during low flow (ecologically critical flow) periods.

A 2 ML/day cease to pump rule would improve environmental outcomes by increasing some flowing
water habitats and reducing the severity of ecologically critical flows.

A 5 ML/day or greater rule would improve environmental outcomes by reducing the severity of
ecologically critical flows, increasing flowing water habitats and significantly protecting flows in the
very low to low flow range (increasing from 5% to 32% frequency: blue portion of the bar plot in
Figure 19).

A 10 ML/day rule would further improve environmental outcomes by extending the percentage of
time that flows below 10 ML/day will occur. This reduces the severity of ecologically critical flows,
extends the inundation period of aquatic habitats and flows in the low flow range. These increased
periods of wetting extend the time that low flows can maintain connectivity of refuge pools in
intermittent and ephemeral streams and to protect the wetting and drying regime of the stream.

The 10 ML/day would protect the needs of river ecosystems including protecting habitat for the
Murray Cod, Eel-Tailed Catfish, Purple Spotted Gudgeon, Silver Perch, Booroolong Frog (predicted),
Tusked Frog, Davie’s Tree Frog and flow-dependent macroinvertebrate communities, whilst also
ensuring water is more available in dry times to supply basic landholder rights, as well as
requirements for health, on-farm hygiene and emergencies.

Why is greater protection for low flows needed?

Protecting low flows is important as they provide and maintain aquatic refuges, support the life
cycle of water dependent plants and animals and allow their survival throughout the drier summer
months.

The risk assessment identified a high risk of increased zero flow periods resulting in loss of surface
flows and river connectivity and reduced low flows (80th percentile) in this water source.

A cease to pump rule can protect all flows below the trigger level. This can enable to system to
slowly and more naturally draw down and support biota, particularly if the system is entering a
drying period. Therefore, there is a benefit to be made by introducing appropriate cease to pump
rules to address risks to ecologically critical flows, 95th percentile flow, low flows, and >low flows.
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Aquatic ecology of the water source

This water source supports a range of aquatic species, including the Murray Cod, Eel-Tailed Catfish,
Silver Perch, Purple-Spotted Gudgeon, Booroolong Frog (predicted), Tusked Frog, Davie’s Tree Frog
and a variety of aquatic insects important in the river food chain (DPI, 2019). These species require
some level of flow in the river to ensure flowing habitats such as riffles, as well as pool habitats,
remain viable for some or all parts of their life cycle. The main requirement to protect the habitat of
these environmental values is to reduce the frequency of zero flow events throughout the year and
provide protection for low flows during the breeding season (spring to summer). The increased
frequency and duration of zero flow events in this water source is a significant threat to aquatic
diversity, as drying has been recognised as one of the leading causes of diversity decline in rivers. To
protect the environment in the Upper Namoi water source, the ecologically critical flow events
should be reduced to maintain river connectivity and protect in-river pools during dry periods. This
will help build ecological resilience into the water source in a changing climate of reduced rainfall
and stream flows. An additional concern addressed in the water sharing plan background document
is to ensure adequate flows over the Manilla Weir fish-way for fish passage and to safeguard town
water supply security and water quality to the town of Manilla (DPI, 2013).

The Upper Namoi water source including licensed entitlement, ecological value and structures are
presented in Figure 16. Numerous reaches throughout this water source have a medium —high
HEVAE rating. Larger licence extractive entitlement exists within the mid and lower reaches. The
likelihood of hydrological risk for the 2 low flow categories is also high.

Figure 16. Upper Namoi Unregulated Water Source
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The risks identified

The analysis identified a high risk to aquatic ecosystems because of reduced low flows and
increased zero flow periods because of licensed extraction in the Upper Namoi River water source
(DPIE Water, 2019). The consequence rating is high, which indicates the ecological values of the
water source are highly sensitive to an altered hydrological regime (DPIE Water, 2019). At the
commencement of the water sharing plan in 2012, this water source had 10,081 ML of unregulated
access entitlement. A review of unregulated river licensed entitlement in the Water Licensing
System indicates unregulated entitlement has slightly decreased to 9,747 ML/year in year 2022-23.
This slight decrease in licensed extraction is unlikely to have reduced the identified high risks to
zero flow and low flows and it is expected that these risks continue. This does not exceed the
volumetric limit of 9,790 ML as outlined in Table-D of the water sharing plan. However, the inclusion
of the estimated annual stock and domestic, basic landholder rights and local water utility increases
the overall take to 10,540 ML/year, assuming full entitlement is taken.

The environmental and hydrological information available for this water source has been reviewed to
determine how the high risks to aguatic ecosystems can be addressed by adjusting the cease to
pump rule for very low flows and low flows. This assessment outlines the information that was
considered.

Hydrology of the water source based on observed data

The water source has 2 flow gauges, one in the Halls Creek management zone at Ukolan (419029)
and one in the Namoi River at North Cuerindi (419005) upstream of the confluence with Halls Creek.
Analysis of the observed flows (cleansed dataset?) for Halls Creek at Ukolan (419029) gauge for the
historical period of record (1965 to 2023) shows that ecologically critical flows (< 1 ML/day)
represent the 87th percentile and the 80th percentile is 1.6 ML/day. There was no cleansed data for
the Namoi River at North Cuerindi gauge (419005).

We also compared observed flows obtained from the Hydstra database for 2 scenarios per gauge:
e the commencement of the gauge operation to the start of the water sharing plan in 2012 and,
e the commencement of gauge operation to 2023 for each gauge.

This was done to see if there were any changes to the percentile flow categories (example, 80th
percentile) at the commencement of the water sharing plan and to the present time (2022-23). If
changes are evident over the life of the water sharing plan it does reflect changes to the pattern of
low flows and may potentially be an indication of the impact of climate variability. During the life of
the water sharing plan the water source was subject to both severe drought and floods.

The Halls Creek at Ukolan gauge (419029) data commenced in 1978 and the North Cuerindi gauge
(419005) in 1915.

The Halls Creek gauge shows that ecologically critical flows (<1 ML/day, cease to pump) up to 2012
represented the 87th percentile, and up to 2023 dropped to the 83rd percentile. For the 80th
percentile the equivalent flow dropped from 1.6 ML/day to 1.3 ML/day.

4 Cleansed data is the observed HYDSTRA data provided by the modelling team and filtered to exclude poor
quality data and gauge errors.
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The North Cuerindi gauge (419005) ecologically critical flows (< 1 ML/day) represent the 99th and
97th percentiles, for the 2012 and 2023 scenarios respectively. The 80th percentile flow value
dropped from 43 ML/day to 39 ML/day. This shows that based on the long-term gauge data river
flows since the commencement of the water sharing plan have been reduced and will lead to
increased hydrological stress during the zero and low flow categories, particularly in the Halls
Creek management zone (DPIE Water, 2019).

Another line of evidence that reflects the changing variation and reliability of natural river flows
over an approximate 50-year period is presented in Figure 17 and Figure 18. Figure 17shows an

increase in the frequency of below average annual stream flows at the Halls Creek at Ukolan gauge

(419029) since the late 1970s. Figure 18 compares the frequency of flow category events pre and

post 1990. The flow categories where a change can be seen is the 'no flow’ days which have become

more frequent. A reduction in the frequency or occurrence of some base flow and small fresh
categories was observed. The information is sourced from the Australian Bureau of Meteorology
(bom.gov.au)

Figure 17. Halls Creek at Ukolan in the Upper Namoi water source. Tracking the change and variability of stream flows
from 1979-2022
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Figure 18. Comparative analysis of flow categories pre and post 1990 (Hydrologic Reference Stations: Water Information:
Bureau of Meteorology (bom.gov.au), last accessed Monday 18th March 2024)
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The analysis shows us that there has been a 12% increase in the river being <1 ML/day in the last

10 years (that is the time the river is at ecologically critical flow has increased). Additionally, the
change from 13.4 ML/day to 1.0 ML/day for the 80th percentile shows us that the discharge rate at
the gauge has reduced. Both of these trends in the data set demonstrate that river flows during the
period of the water sharing plan have been substantially lower than the whole historical record. It

should be noted that the period of this water sharing plan includes the worst drought on record
(2017-2020).

Modelled scenarios

The following scenario analysis used IQQM modelled data. Modelled flows do not represent the
observed flows at the gauge, they are scenarios that are designed to compare flows under different
access rule scenarios. For this investigation, full activation of the entitlement was assumed, which
was 15,814 ML. It is noted that this value represents the combined total entitlement in Upper Namoi,
Mid Macdonald, and Upper Macdonald water sources, which reflects the structure of the existing
model (refer Appendix 7). Full activation and entitlement assume access rules are based on
mandatory access rules specified in the water sharing plan for that water source and do not
incorporate the higher access rules applied to some licences. Details on any higher access rules
incorporated for this water source is detailed in Appendix 7. The IQQM model data are simulated
end of system flows for gauge 419029 from 1965 to 2007.

The scenarios that have been modelled are:
e 1ML/day cease to pump

e 2 ML/day cease to pump

e 5 ML/day cease to pump

e 10 ML/day cease to pump, and a

e No development scenario.
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The current cease to pump rule in place in the Upper Namoi water source is <1 ML/day at gauges
419029 and 41900528.

If a medium or high risk is driven by a significant change to hydrology (likelihood) because of
licensed extraction, then it is useful to consider alternative management rule scenarios to mitigate
these risks. Therefore, in the model the no development scenario represents the flows in the water
source with water entitlement removed from the model-that is, the irrigator node switched off in the
model. The no development scenario gives a benchmark against which the relative difference in risk
between scenarios can be compared (critically, it is not a target scenario). This helps to determine
whether a rule scenario is mitigating the risk identified in the risk assessment (DPIE Water, 2019). A
current condition scenario would be used for planning purposes if data was available, however,
there is a lack of data on current water usage and is not able to be modelled. Future improved
models will aim to include any available data or assumptions around extraction.

The no development scenario was modelled because it represents the base case. This is because:

e aguatic species have evolved life history traits and strategies in direct response to natural
patterns of variation in flow (that is, species are adapted to the natural flow regime)

e the natural flow regime provides for natural patterns of connectivity in streams and rivers
including intermittent and ephemeral streams, and the maintenance of this connectivity is
essential for the viability of riverine and floodplain species and ecological communities

e low flows are part of the flow regime that are important to aquatic species. Loss of low flows
and increased drying periods can lead to local extinctions of some species and change the
ecology of the stream and the viability of the water supply.

The no development scenario model showed that the 95th percentile flow is 4.4 ML/day and the 80th
percentile is 41.7 ML/day.

Calculating flow thresholds

The modelled no development scenario is used to calculate the low flow threshold, which is used to
compare rule scenarios.

To calculate the low flow threshold the analysis:

e removed days where there was no flow (zero flow days were excluded) — this helps to ensure
that the low flow threshold can be calculated for rivers that flow intermittently

e calculated the 80th percentile —the 80th percentile is used as the low flow threshold and is
consistent with the approach used in the risk assessments (DPIE Water, 2019) and the River Flow

Objectives

e calculated the 95th percentile —the 95th percentile is used as it is consistent with the approach
used in the river flow objectives: River Flow Objectives.

The low flow threshold (80th percentile) for the Upper Namoi River based on the modelled no
development scenario is 41.7 ML/day. The rating table for the Halls Creek a Ukolan (419029) gauge
indicates that the water level at 41.7 ML/day is approximately 0.58 m, which is about 35 cm above the
cease to flow level (cease to flow is 0.23 m). Note, this is the flow depth calculated for the gauge
location for the rating curve (current at the time of calculation) and that the cease to flow heights may
vary over time and place due to rivers naturally changing.

Hydrological analysis, a supplementary report extract for Water Sharing Plan review 43


https://water.dpie.nsw.gov.au/plans-and-programs/water-sharing-plans/environmental-rules/river-flow-objectives%23:%7E:text=The%20purpose%20of%20the%20river,healthier%20wetlands
https://water.dpie.nsw.gov.au/plans-and-programs/water-sharing-plans/environmental-rules/river-flow-objectives%23:%7E:text=The%20purpose%20of%20the%20river,healthier%20wetlands
https://water.dpie.nsw.gov.au/plans-and-programs/water-sharing-plans/environmental-rules/river-flow-objectives%23:%7E:text=The%20purpose%20of%20the%20river,healthier%20wetlands

Comparison of rule scenarios based on modelled data

Overall, the modelled cease to pump scenarios show a progressive benefit to the flow components
(ecologically critical flows, 95th percentile flows, and low flows) with each increasing cease to
pump rule scenario. These changes are shown in Figure 19 and Figure 20 and the progressive
benefits are discussed within each flow component below.

Ecologically critical flows

The existing <1 ML/day cease to pump scenario at the Halls Creek gauge (419029) shows that for
31% of the time the ecological critical flow category (orange portion of bar plot) exists and provides
no benefit or ecological protection. There is some improvement when the cease to pump scenario is
set at 2 ML/day, with ecologically critical flows being reduced by 28%, down to 3%. This is replaced
by an increase in the 95th percentile category (modelled at 4.4 ML/day) displayed as the yellow
portion of the bar plot. However, the 95th percentile displayed in the flow duration curve (Figure 20)
is well below the 80th percentile (41.7 ML/day modelled), which is used as the low flow threshold.

The benefits in the ecologically critical flow condition are also shown in the flow duration curve in
Figure 20, which shows a reduction in the gap between the no development (red line) with each
cease to pump rule scenario (see the arrows showing the benefits at each cease to pump level).

95th percentile flows

The 95th percentile flow in the model data was 4.4 ML/day, higher than the ecologically critical flow
threshold of 1 ML/day. The 2 ML/day cease to pump scenario component provided an increase to the
percentage of days the 95th percentile flow scenario occurred (yellow portion of bar chart) from 0%
to 29%. There was no benefit to the low flow category, however, there was a significant decrease to
the ecologically critical flow category by 28%.

The 5 ML/day and 10 ML/day scenarios provided noticeable improvement to the low flow category
(blue portion of bar plots) by 27%, leading to a decrease in the percentage frequency of 95th
percentile flows (Figure 19).

As outlined previously the 95th percentile flow (4.4 ML/d) falls well the below the 80th percentile
(red dashed line in the flow distribution curve, Figure 20) but well above the critical flow threshold of
1 ML/day.

Low flows

A substantial change was observed to the low flow category from the 1 ML/day and 2 ML/day
scenarios to both the 5 ML/day and 10 ML/day cease to pump scenarios. This flow category (blue
portion of bar chart) improved by 27% (Figure 19).

Although both the 5 ML/day and 10 ML/day scenarios fall below the 80th percentile (red dashed line
Figure 20) they both offer greater flow protection below each scenario respectively and display a
similar pattern as the no development scenario in the ecologically critical flow and 95th percentile
portions of the graph.

Greater than (>) Low flow category

The 10 ML/day cease to pump rule scenario shows no improvements to the >low flows component,
when compared with the 5 ML/day scenario (Figure 19). This is probably because the 10 ML/day
scenario falls below the 80th percentile (red dashed line) regarded as the low flow threshold for
aquatic ecosystems.
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Figure 19. Hydrological model outcomes for the Upper Namoi water source. The graph shows the percent of days per year

for ecologically critical flows (<1 ML/day), 95th percentile flows (1 - 4.4 ML/day), low flows (4.4 - 41.7 ML/day), and > low
flows under 4 different cease to pump scenarios, plus the no development scenario representing modelled outcomes

without diversions
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Figure 20. Flow Duration of the Upper Namoi modelled data, showing cease to pump scenarios: 1 ML/day, 2 ML/day, 5
ML/day, and 10 ML/day. The red dashed line shows the low flow threshold (80th percentile of flowing days) and the grey
dashed line shows the ecologically critical flow threshold (1 ML/day). The bottom figure is zoomed in at the lower half of
the flow duration curve
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The cease to pump level is the key driver of differences when comparing modelled rule scenario
benefits in the low flow categories. The rule scenarios displayed in the flow duration curve above
need to be considered in the context of risks identified in the Upper Namoi water source. The most
important part of the graph to consider is the lowest end of the hydrograph below the low flow
threshold (the red dashed line on the graph, 41.7 ML/day, 80th percentile of flowing days).

Flow days at environmental flow thresholds based on the
observed data

Under the current cease to pump condition there was 99 days on average per year that flows were
less than 1 ML/d (based on the water sharing plan period (19/09/2012 - 05/11/2023, 4,054 days).
There was about 300 days per year where flows were below the low flow threshold. Protecting
flows at these thresholds would help reduce the stress on the river system as flows reduce.
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Appendices

Appendix 1. Modelling cease to pump scenarios

If a medium or high risk is driven by a significant change to hydrology as a result of licensed
extraction (that is, likelihood) then it is useful to consider alternative management rule scenarios to
mitigate these risks. Hydrological models are used to test different cease to pump scenarios in
unregulated water sources if available for a water source of interest. The number and type of cease
to pump scenarios are defined based on expert opinion and consideration of the hydrology of the
water source.

Two types of models are used:

e multi-reach models for major rivers with significant river infrastructure, often developed by the
department’s hydrological modelling team, and

e single reach river models (or lump models) for smaller river systems, primarily developed by the
department’s Water Science branch.

The single reach river models are the most common models used in scenario testing, unless
otherwise specified. They are performed in the Integrated Quantity and Quality Model (IQQM)
platform to determine the degree of hydrologic alteration that could be expected within a water
source under different scenarios. They use the same parameters adopted for risk assessment
likelihood calculations as part of the risk assessment process (Sayers et al., 2018).

The most common model configuration used in unregulated water sources was the standard model
configuration (Supplementary Figure S1). These have 2 sets of inflows: (1) inflow that can be
captured or pumped into a dam, and (2) inflow that is unimpeded from flowing into the river. The
model also has 2 sets of extractors: (1) those that can access water from a dam, and (2) those that
access water directly from the river. Discreet nodes in the model represent inflows and extraction.
Each model can include:

o flow data from historic flow sequences (with data gaps filled using correlations with other
sequences), or if available rainfall runoff sequences developed for other models (gauged data in
ML/day)

e dam capacity and diversion data for large farm dams
o full development of town water supply, and stock and domestic supply

e anirrigator node which used a crop model to simulate full activation of current unregulated
water licences, and

e climate data, specifically evapotranspiration and rainfall.

To model different cease to pump scenarios, the irrigator node was adjusted on the unimpeded
inflow route (run of river access) to simulate a cease to pump condition (Supplementary Figure S1)
once a specific threshold was met (for example, 5 ML/day). This stopped irrigation access until flows
returned to above the cease to pump threshold. The scenarios provide a relative assessment of the
impact of different cease to pump rule scenarios. However, it should be noted that the IQQM models
used are relatively simple in nature with the flow trigger being simulated at a point near the
downstream end of the water source. Due to this, the simulation may not be sensitive to small cease
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to pump increment changes. More detail on the river modelling approach, and the model data used
for each inland water source is available in Sayers et al. (2018).

Supplementary Figure S1. Standard model configuration used for single reach models
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Hydrological analysis of cease to pump scenarios

The ability to test different cease to pump scenarios provides a quantified approach to assessing
alternative management rule scenarios within an “at risk” water source. Although the number and
type of scenarios tested will vary across water sources, 2 core scenarios have been identified to
determine the effect of cease to pump rules on stream hydrology. These 2 scenarios are the 1) no
development (water entitlement removed from model) and the 2) full entitlement with the current
rule listed in the water sharing plan active. These scenarios provide bookend results to enable a
level of directional change assessments. The risk assessment uses the no development scenario and
the current rule to identify risk that is driven by a change to hydrology at a water source level.
Additional rule scenarios can be compared to identify if they will improve hydrological outcomes.
For example, different cease to pump rule scenarios can be tested to see if they provide benefits to
cease to flow and very low flows in the water source. The number of cease to pump scenarios that
are compared may vary depending on both the ecological values and the hydrological conditions in
the water source.

To determine whether there are benefits to each flow component, a set of general hydrological
descriptors were defined that can be tested for each scenario. These descriptors may be modified
based on the unique flow regime of a water source. As a guide, they will generally be:

e mean number of days per year that cease to flow
e mean number of days per year at ecologically critical flow (< 1 ML/day),

e mean number of days per year within the very low flow threshold (as defined for each river)
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e mean number of days per year within the low flow threshold (as defined for each river), and

e where appropriate, the ability to meet specific environmental water requirements are compared
under each scenario.

The hydrological descriptors are generated by calculating the number of days within each year that
a criteria is met (for example, number of cease to flow days). This is then averaged across all years
in the model to generate a mean estimate (that is, average) for the hydrological descriptor. These
hydrological descriptors can be presented in a variety of ways. For example, the stacked histogram
(Supplementary Figure S2) or in table form if required.

Supplementary Figure S2. An example of how the hydrological analysis can be presented. This figure represents percent
of days per year for ecologically critical flows (<1 ML/day), low flows (1 - 2 ML/day) and > low flows (> 2 ML/day, 80th
percentile of flowing days) under 4 different cease to pump scenarios. The no development scenario represents modelled
outcomes without diversions, the no visible flow (NVF) represents the closest modelled current rule, and the remainder
represent cease to pump (CtP) scenarios. All %tiles are calculated from the modelled no development scenario, the

threshold values represented here will vary between water sources
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Appendix 2. Cockburn River IQQM model description

Water source

and model

Water source
boundaries

Cockburn River

The main stream is the Cockburn River with headwater
streams flowing into it.

Confidence

Assumptions

Flow sequence Moderate
Flows used A rainfall runoff modelled flow sequence was used to
represent the streamflow available to be extracted. This
flow was based on the gauging station “Cockburn River at
Mulla Crossing” (419016).
The flow sequence extends from 01/01/1892 to
30/06/2008, 116.5 years in total.
Total area The flow sequence was factored for area by 1.25.
factor
On-river dams | No on-river dam simulated.
area factor
On-farm dams | No on-farm dams simulated.
area factor
Water access High

Level of
entitlement

The total entitlement simulated was 4,459 ML made up
of:

e 4385 ML Unregulated category entitlement
e 74 ML Domestic and Stock category.

Access rules
(Cease to
pump)

The visible flow CtP was simulated by allowing access

down to zero flow, which is the same as simulating no CtP.

Higher access
rule (Cease to
pump on
Approval)

No higher of access rules (CtP) were simulated.

Pump capacity

A pump capacity of 73.08 ML/day was available for
irrigation and 0.20 ML/day was available for Stock and
Domestic and LWU water extraction.
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Water source

and model

On-river dam
access

Cockburn River

No on-river dam simulated.

Confidence

On-farm
storage
available

No on-farm dams simulated.

Irrigation
pattern

High

Crop

The crop mix assumed is from the survey for a conversion
of unregulated licences carried out in 2000. The crop
survey result for Stressed Rivers Assessment unit
“Cockburn River” (419_15) was used. This crop mix is
represented by simulating the water demands of the
following crops:

e Annual pasture 2%

e Citrus 3%

e Lucerne 68%

e Olives 1%

e Pecans 3%

e Perennial pasture 3%
e Summer Maize 5%

o Turf1%

e Wheat 14%.

The total area irrigated (based on the full development of
the entitlement) in the Cockburn River system was
estimated to be 719 ha.

The weather station used was Tamworth Airport (station
number 55054).

The crop factor file used was “nthwst6ed.crp”, which was
developed for the licence conversion process.

Groundwater
extraction

Alluvial groundwater is accessed in the vicinity of these
unregulated streams which may also impact on
streamflow but these were not simulated.
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Appendix 2. Cockburn River IQQM model description

Water source
and model

Cockburn River

Confidence

Water source
boundaries

The main-stream is the Cockburn River with headwater streams
flowing into it.

Assumptions

Flow sequence Moderate
Flows used A rainfall runoff modelled flow sequence was used to represent
the streamflow available to be extracted. This flow was based
on the gauging station “Cockburn River at Mulla Crossing”
(419016).
The flow sequence extends from 01/01/1892 to 30/06/2008,
116.5 years in total.
Total area The flow sequence was factored for area by 1.25.
factor
On-river dams No on-river dam simulated.
area factor
On-farm dams No on-farm dams simulated.
area factor
Water access High

Level of
entitlement

The total entitlement simulated was 4,459 ML made up of:
e 4,385 ML Unregulated category entitlement
e 74 ML Domestic and Stock category.

Access rules
(Cease to pump)

The visible flow CtP was simulated by allowing access down to
zero flow, which is the same as simulating no CtP.

Higher access
rule (Cease to
pump on
Approval)

No higher of access rules (CtP) were simulated.

Pump capacity

A pump capacity of 73.08 ML/day was available for irrigation
and 0.20 ML/day was available for Stock and Domestic and
LWU water extraction.

On-river dam
access

No on-river dam simulated.
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Water source
and model

Cockburn River

Confidence

On-farm storage

No on-farm dams simulated.

available
Irrigation High
pattern
Crop The crop mix assumed is from the survey for a conversion of
unregulated licences carried out in 2000. The crop survey result
for Stressed Rivers Assessment unit “Cockburn River” (419_15)
was used. This crop mix is represented by simulating the water
demands of the following crops:
e Annual pasture 2%
e Citrus 3%
e |ucerne 68%
e Olives 1%
e Pecans 3%
e Perennial pasture 3%
e Summer Maize 5%
e Turf1%
e Wheat 14%.
The total area irrigated (based on the full development of the
entitlement) in the Cockburn River system was estimated to be
719 ha.
The weather station used was Tamworth Airport (station
number 55054).
The crop factor file used was “nthwst6ed.crp”, which was
developed for the licence conversion process.
Groundwater Alluvial groundwater is accessed in the vicinity of these
extraction unregulated streams which may also impact on streamflow but

these were not simulated.
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Appendix 3. Maules Creek IQQM model description

Water source

and model

Water source
boundaries

Cockburn River

The main stream is Maules Creek with headwater streams
flowing into it.

Confidence

Assumptions

Flow sequence High
Flows used A rainfall runoff modelled flow sequence was used to
represent the streamflow available to be extracted. This
flow was based on the gauging station “Maules Creek at
Avoca East” (419051).
The flow sequence extends from 01/01/1890 to 31/12/1997,
108.0 years in total.
Total area The flow sequence was factored for area by 1.20.
factor
On-river dams No on-river dam simulated.
area factor
On-farm dams | No on-farm dams simulated.
area factor
Water access Moderate

Level of
entitlement

The total entitlement simulated was 1,079 ML made up of:
e 1,072 ML Unregulated category entitlement
e 7 ML Domestic and Stock category.

Access rules
(Cease to
pump)

The CtP was simulated by placing a threshold (in a decision
table) on the inflow above the irrigation pumps of 4
ML/day.

Higher access
rule (Cease to
pump on
Approval)

No higher of access rules (CtP) were simulated.

Pump capacity

A pump capacity of 17.87 ML/day was available for
irrigation and 0.02 ML/day was available for Stock and
Domestic and LWU water extraction.

Hydrological analysis, a supplementary report extract for Water Sharing Plan review

55



Water source

and model

Cockburn River

Confidence

On-river dam

No on-river dam simulated.

access
On-farm No on-farm dams simulated.
storage
available
Irrigation High
pattern
Crop The crop mix assumed is from the survey for a conversion
of unregulated licences carried out in 2000. The crop
survey result for Stressed Rivers Assessment unit “Maules
Creek” (419_30) was used. This crop mix is represented by
simulating the water demands of the following crops:
e Cotton 11%
e Lucerne16%
e Summer Maize 11%
e Wheat 62%.
The total area irrigated (based on the full development of
the entitlement) in the Maules Creek system was
estimated to be 244ha.
The weather station used was Boggabri (Kanownda)
(station number 55076).
The crop factor file used was “nthwst6ed.crp”, which was
developed for the licence conversion process.
Groundwater Alluvial groundwater is accessed in the vicinity of these
extraction unregulated streams which may also impact on streamflow
but these were not simulated.
Licence The CtP is triggered at a location above the majority of the
locations irrigation pumps, hence it is simulated as if all pumps are

below the trigger point.
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Appendix 4. Mid Macdonald River IQQM model description

Water source

and model

Water source
boundaries

Mid Macdonald River

The main stream is the Macdonald River downstream of
other water sources that flow into it.

Confidence

Assumptions

Flow sequence Moderate
Flows used A measured flow sequence was used to represent the
streamflow available to be extracted. This flow was
measured at the gauging station “Macdonald River at
Retreat” (419028).
The flow sequence extends from 07/09/1965 to
24/02/1987, 21.5 years in total. 1.4% of the measured
sequenced need to be filled using a correlation with a
nearby gauging station.
Total area The flow sequence was factored for area by 1.00.
factor
On-river dams | A proportion of the streamflow sequence (1% of the
area factor unfactored flow sequence) is able to be captured by on-
river dams.
On-farm dams | No on-farm dams simulated.
area factor
Water access Moderate

Level of
entitlement

The total entitlement simulated was 4,485.5 ML made up
of:

e 4,350 ML Unregulated category entitlement
e 135.5 ML Domestic and Stock category.

Access rules
(Cease to
pump)

The CtP was simulated by placing a threshold on the
irrigation pumps of 10 ML/day, which simulated a CtP at the
end of the system.

Higher access
rule (Cease to
pump on
Approval)

No higher of access rules (CtP) were simulated.
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Water source

and model

Mid Macdonald River

Confidence

Pump capacity

A pump capacity of 73.00 ML/day was available for
irrigation and 0.37 ML/day was available for Stock and
Domestic and LWU water extraction.

On-river dam

400 ML of on-river dam capacity was simulated.

access 13% of the unregulated entitlement had access to on-river
dams.
9% of the Stock and Domestic and LWU entitlement had
access to the on-river dams.
On-farm No on-farm dams simulated.
storage
available
Irrigation High
pattern
Crop The crop mix assumed is from the survey for a conversion
of unregulated licences carried out in 2000. The crop
survey result for Stressed Rivers Assessment unit “Mid
Macdonald River” (419_19) was used. This crop mix is
represented by simulating the water demands of the
following crops:
e Annual pasture 3%
e Perennial pasture 97%.
The total area irrigated (based on the full development of
the entitlement) in the Macdonald River system was
estimated to be 736 ha.
The weather station used was Bendemeer (Caroline St)
(station number 55004).
The crop factor file used was “nthtab6ed.crp”, which was
developed for the licence conversion process.
Groundwater No substantial alluvial extractions identified as impacting
extraction on streamflow.
Licence The CtP is triggered at a location below the majority of the
locations irrigation pumps, hence it is simulated as if all pumps are

above the trigger point.

Some of the licences have access to on-river dams (see
sections 'on-river dam area factor' and 'on-river dam
access').
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Appendix 5. Upper Namoi IQQM model description

Water source
and model

Water source
boundaries

Upper Namoi

The main stream is the Namoi River downstream of other
water sources that flow into it.

Confidence

Assumptions

Flow sequence Moderate
Flows used A measured flow sequence was used to represent the
streamflow available to be extracted. This flow was
measured at the gauging station “Halls Creek at Ukolan
and Namoi River at North Cuerindi” (419029 and 419005).
The flow sequence extends from 22/05/1965 to
27/07/2008, 43.2 years in total. 4.8% of the measured
sequenced need to be filled using a correlation with a
nearby gauging station.
Total area The flow sequence was factored for area by 1.05.
factor
On-river dams | A proportion of the streamflow sequence (105% of the
area factor unfactored flow sequence) is able to be captured by on-
river dams.
On-farm dams | No on-farm dams simulated.
area factor
Water access Moderate

Level of
entitlement

The total entitlement simulated was 15,814 ML made up of:
e 14,911 ML Unregulated category entitlement
e 183 ML Domestic and Stock category
e 720 ML LWU category entitlement.

Access rules
(Cease to
pump)

The CtP was simulated by placing a threshold on the
irrigation pumps of 0.1 ML/day, which simulated a CtP at the
end of the system.

Higher access
rule (Cease to
pump on
Approval)

No higher of access rules (CtP) were simulated.
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Water source
and model

Upper Namoi

Confidence

Pump capacity

A pump capacity of 248.52 ML/day was available for
irrigation and 2.47 ML/day was available for Stock and
Domestic and LWU water extraction.

On-river dam

2 ML of on-river dam capacity was simulated.

access 0% of the unregulated entitlement had access to on-river
dams.
80% of the Stock and Domestic and LWU entitlement had
access to the on-river dams.
On-farm No on-farm dams simulated.
storage
available
Irrigation High
pattern
Crop The crop mix assumed is from the survey for a conversion
of unregulated licences carried out in 2000. The crop
survey result for Stressed Rivers Assessment unit “Upper
Namoi” (419_20) was used. This crop mix is represented by
simulating the water demands of the following crops:
e Annual pasture 2%
e Fababean 2%
e Lucerne 70%
e Perennial pasture 11%
e Summer Maize 2%
e Wheat 13%.
The total area irrigated (based on the full development of
the entitlement) in the Namoi River system was estimated
to be 2,519 ha.
The weather station used was Manilla Post Office (station
number 55031).
The crop factor file used was “nthwst6ed.crp”, which was
developed for the licence conversion process.
Groundwater No substantial alluvial extractions identified as impacting
extraction on streamflow.
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Water source
and model

Licence
locations

Upper Namoi

The CtP is triggered at a location below the majority of the
irrigation pumps, hence it is simulated as if all pumps are
above the trigger point.

Some of the licences have access to on-river dams (see
sections 'on-river dam area factor' and 'on-river dam
access').
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