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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 Gwydir Unregulated River Water
Sources 2012. This report contains information on 2 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
(PUB24/382). Those reports were prepared to contribute environmental information to internal
discussions 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 was not 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.

Hydrological analysis, a supplementary report extract for Water Sharing Plan review 5



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 Gwydir (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 managing flows) 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 unregulated 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 are 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)

e 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 in areas where there is a risk due to extraction would
have ecological benefits. It would help to:

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 2 water sources. Click to navigate to the water
source of interest:

e Copeton Dam Water Source

e Tycannah Creek Water Source
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Copeton Dam Water Source

Rule scenarios for mitigating hydrological risks

Summary of hydrological scenarios

This section discusses the use of Copes Creek at Kimberly and Gwydir River at Bundarra gauges for
supporting environmental outcomes.

Research between 2016 and 2023 have shown the endangered Bell’s Turtle has been recorded in
these sections of river. Additionally, the endangered freshwater catfish have also been recently
sampled in these areas, and they require low flow protection. Both these species have been
recorded upstream and downstream of the Gwydir at Bundarra gauge.

e The ideal flow requirement to protect Bell’s Turtle hatchlings in the Gwydir River upstream of
Copeton Dam is 2.6 ML/day, related the Gwydir River at Bundarra gauge. There are several
entitlements located near this gauge so there is a strong priority for this environmental flow
requirement.

e The ideal flow requirement to protect Bell’s Turtle hatchlings in Copes Creek is 2 ML/day related
to the Copes Creek at Kimberley gauge. However, there is substantially less entitlement located
near this gauge, compared to the Gwydir River at Bundarra gauge.

There is 2,205 ML of entitlement located on the Gwydir River, some of which is in close proximity to
the Gwydir River at Bundarra gauge. This section of the Gwydir River is separated into the Copeton

Dam Water Source and Moredun Creek Water Source. Hence, consideration could be made for the

Gwydir River at Bundarra gauge to manage both water sources because of the quantity of licences
(Figure 1).

There is a level of uncertainty with gauge reliability, as indicated by WaterNSW. The following
analysis is provided because this is a reported at-risk water source. The use of this gauge for its
long-term dataset is an approach for exploring flow scenarios in the water source.

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.

e The risk assessment identified a high risk of increased zero flow periods resulting in loss of
surface flows and river connectivity more often and a high risk for reduced low flows (80th
percentile) in the Copeton Dam Water Source.

e A cease to pump rule can protect all flows from licensed extraction 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
appropriate cease to pump rules to address risks to zero flows and low flows.
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Aquatic ecology of the water source

The Copeton Dam Water Source supports a range of aquatic species, including the freshwater
catfish, and a variety of aquatic insects important in the river food chain (Coleman and Brooks, 2020;
Schilling and Crook, 2023). The endangered Bell's Turtle has also been recently recorded in this
water source and the Moredun Creek Water Source with indicated environmental flow requirements
- see Turtles and flows 2023 (Coleman et al., 2023). 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 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 Copeton Dam Water Source and the Gwydir River, 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.

Figure 1. Copeton Dam Water Source and Moredun Creek Water Source (Gwydir at Bundarra 418008 and Copes Creek at
Kimberley 418005). The Copeton Dam Water Source has its majority of extraction pressure located on the Gwydir River.
The Moredun Creek Water Source shows a small section of the Gwydir River near Bundarra with the majority of its
extraction pressure along the Gwydir River. Both water sources are in close proximity to the Gwydir River at Bundarra
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https://water.dpie.nsw.gov.au/__data/assets/pdf_file/0010/587296/bells-turtle-water-requirements.pdf

The risks identified

The analysis identified a high risk to aquatic ecosystems because of increased zero flow periods and
reduced low flows as a result of licensed extraction in the Copeton Dam Water Source (DPIE Water,
2019).

In total there is 2,205 ML of entitlement in close proximity to the Gwydir River at Bundarra gauge. Of
this, 728 ML of entitlement is located on the Gwydir River in the Copeton Dam Water Source (noting
that there is a total of 1,045.5 ML of entitlement in the Copeton Dam Water Source). There is

1,477 ML of entitlement located in the upstream Moredun Creek Water Source. Only 11 ML of
entitlement is located on Copes Creek near the Copes Creek at Kimberley gauge.

The environmental and hydrological information available has been reviewed to determine how the
high risks to aquatic 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

There are 2 relevant gauges for the Copeton Dam water source, with the majority of entitlement
located near the Bundarra gauge (including entitlement in Moredun Creek Water Source). These
gauges are:

Copes Creek at Kimberley

The water source has a flow gauge at Copes Creek at Kimberley (418005) which is in the lower
catchment on Copes Creek. Analysis of the observed flows (cleansed dataset') for Copes Creek at
Kimberley (418005) gauge for the historical period of record (1929 to 2023) shows that ecologically
critical flows (defined as <1 ML/day) represent the 79th percentile and the 80th percentile is

0.9 ML/d.

The observed flows for the period of the water sharing period between 2012 and 2022 shows that
ecologically critical flows (< 1 ML/day) represent the 63rd percentile and the 80th percentile is

0 ML/day. This shows river flows during the period of the water sharing plan period have been lower
than the full historical record.

The analysis shows us that there has been a 16% increase in the river being <1 ML/day in the last

10 years. Additionally, the change from 0.9 ML/day to O ML/day for the 80th percentile shows us
that the discharge rate at the gauge has reduced to a point that does not register at the gauge. Both
of these trends in the data set demonstrates that river flows during the period of the water sharing
plan have been substantially lower than the historical record. It should be noted that the period of
this water sharing plan includes the worst drought on record (2017-2020). More frequent lower
flows place increased stress on water dependent biota and reduces their resilience.

' Cleansed data is the observed HYDSTRA data that has filtered to exclude poor quality data and gauge errors.
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Gwydir River at Bundarra

There is also a gauge at Gwydir at Bundarra (418008) which is located in the Moredun Creek Water
Source. Analysis of the observed flows (cleansed dataset?) for Gwydir at Bundarra (418008) gauge
for the historical period of record (1936 to 2023) shows that ecologically critical flows (defined as
<1 ML/day) represent the 87th percentile and the 80th percentile is 6.3 ML/d.

The observed flows for the period of the water sharing plan between 2012 and 2022 shows that
ecologically critical flows (<1 ML/day) represent the 73rd percentile and the 80th percentile is
0.006 ML/day. This shows river flows during the period of the water sharing period have been
substantially lower than the full historical record. It should be noted that the period of this water
sharing plan includes the worst drought on record (2017-2020).

The analysis shows us that there has been a 14% increase in the river being <1 ML/day in the last

10 years. Additionally, the change from 6.3 ML/day to 0.006 ML/day for the 80th percentile shows us
that the discharge rate at the gauge has reduced substantially at the gauge. Both of these trends in
the data set demonstrates that river flows during the period of the water sharing plan have been
substantially lower than the whole historical record. More frequent lower flows place increased
stress on water dependent biota and reduces their resilience.

Modelled hydrological scenarios

The risk assessment is a ‘red flag’ process that determines the risk to a water source based on
likelihood and consequence in that water source. Further exploration of the risk scores were
undertaken for this report. The majority of the entitlement in this water source is located along the
Gwydir River. There is a nearby Gwydir at Bundarra gauge in the hydrologically connected upstream
Moredun Creek Water Source and this gauge is more appropriate to use than the Copes Creek at
Kimberley gauge for dealing with the extraction pressure. There is only 11 ML of entitlement located
on Copes Creek, so the focus of this analysis was on the Gwydir River where there is greater
extraction pressure. Currently, there is no IQQM model that has been developed for the Gwydir River
upstream of Copeton Dam to model this hydrologically connected system. Hence, no further model
analysis was used for this section but reference to relevant environmental water requirements that
have been determined for this river.

Environmental water requirements

The objectives for providing minimum flow requirements for Bell's Turtle and freshwater catfish are
relatively similar. These flow requirements are supported by low flow periods that enable some level
of flow connectivity and natural pool drawdown, particularly in breeding seasons. Cease to pump
rules can be used to protect these flow components and support these environmental flow
requirements.

2 Cleansed data is the observed HYDSTRA data that has filtered to exclude poor quality data and gauge
errors.
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Bells’ Turtle:

The ideal flow requirement for Bell's Turtle at Gwydir at Bundarra (418008) is 2.6 ML/d day and
Copes Creek at Kimberley (418005) is 2.1 ML/day; see Turtles and flows 2023 (Coleman et al., 2023).

The Bell's Turtle (Myuchelys bellii) is an endangered freshwater species that occurs in the upper
reaches of the Gwydir catchment. Low and very low flows provide connectivity between pools and
help to maintain refuge pools which are important habitats for this species, particularly hatchlings.
Bell’s Turtle hatchlings leave the nest and enter the water between late January and late March to
start searching for food and suitable habitat before winter. Recent research from the University of
New England tracked 39 hatchling Bell's Turtles and identified that hatchlings occupied shallow
vegetated margins of pools and moved both upstream and downstream through shallow flowing
riffles, rivulets and runs to disperse to new pool habitats.

The protection of very low and low flows in Bell’s Turtle habitats should ensure connectivity and
habitat requirements are managed to support population viability into the future. The ideal, minimum
and maximum requirements for hatchlings to move between pool habitats would be between the
very low to low flows. See Turtles and flows 2023 (Coleman et al., 2023).

Freshwater catfish:

The ideal flow requirement for freshwater catfish is protection of low flows. The Gwydir River at
Bundarra gauge (418008) has an 80th percentile of 6.3 ML/day and represents 0.94 m (cease to
flow is 0.86 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.

Freshwater catfish (Tandanus tandanus) were once widespread throughout the Murray-Darling
Basin. While this species is still abundant in some coastal drainages of NSW and QLD, it has suffered
a marked decline in the Murray-Darling Basin. Research has shown that freshwater catfish
populations were most likely to be present if there is a high cover of cobble/gravel, submerged
macrophytes and low daily flow. Breeding is more likely to occur at sites with a high abundance of
bedrock/boulders, riffle/rapids, emergent macrophytes and low daily flow — Freshwater catfish
habitat requirements (Duncan et al., 2017).

Flow days at environmental flow thresholds based on the
observed data

Under the current cease to pump condition there was 70 days on average per year that flows were
at 0 ML/d (based on the water sharing plan period (01/07/2012 - 30/6/2022 (3650 days) for Gwydir
River at Bundarra gauge (418008). There was on average 99 days per year where flows were in the
ecological critical flows and approximately 113 days per year where flows were below 3 ML/d, where
2.6 ML/d is the ideal flow requirement for Bell’s Turtle. Protecting flows at these thresholds would
help reduce the stress on the river system as flows reduce.
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Tycannah Creek Water Source

Rule scenarios for mitigating hydrological risks

Summary of hydrological scenarios

Several rule scenarios have been modelled including:

e No visible flow at the gauge (surrogate for the current rule)
e 2 ML/day cease to pump

e 3 ML/day cease to pump, and

e 5 ML/day cease to pump.

A 2 ML/day or greater rule would improve environmental outcomes by reducing the severity of zero
flows, increasing flowing water habitats and protecting flows in the low flow range.

This system naturally dries; however, it is important to limit further stress by reducing the potential
for unnatural drawdown of flows prior to pools ceasing to flow. The objective of a rule in this water
source would be to reduce the duration that pools are at cease to flow for endangered fish
communities and other biota. This would also support water quality which deteriorates as flows
reduce. Additionally, it would help limit some biotic competition in pools during low flow periods as
pool volumes would likely remain at a higher volume for longer.

Analysis suggests some benefit in reducing zero flow periods through a cease to pump rule.
However, there is uncertainty in the degree of benefits because of the frequency of naturally
occurring zero flow periods.

There is a level of uncertainty with gauge reliability, as indicated by WaterNSW. The following
analysis is provided because this is a reported at-risk water source. The use of this gauge for its
long-term dataset is an approach for exploring flow scenarios in the water source.

Why is greater protection for low flows needed?

Recent fish surveys undertaken by NSW Fisheries have found the endangered purple spotted
gudgeon and freshwater catfish are present in this water source. These species require protection
particularly during low flows and zero flow periods.

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.

e The risk assessment identified a high risk of increased zero flow periods resulting in loss of
surface flows and river connectivity more often and a high risk for reduced low flows (80th
percentile) in the Tycannah Creek Water Source.

e A cease to pump rule can protect all flows from licensed extraction below the cease to pump
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 appropriate cease to pump rules to address risks to zero flows and low flows.
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Aquatic ecology of the water source

The Tycannah Creek Water Source (Figure 2) supports a range of aquatic species, including the
purple spotted gudgeon and freshwater catfish, and a variety of aquatic insects important in the
river food chain (Coleman and Brooks, 2020; Schilling and Crook, 2023). 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 season (Spring to Summer).
The Tycannah Creek Water Source also contains Coolibah-Black Box Woodland in the Darling
Riverine Plains, Brigalow Belt South, Cobar Peneplain and Mulga Lands Bioregion and Lowland
Darling River Endangered Ecological Community.

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 Tycannah 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.

Figure 2. Tycannah Creek Water Source (Tycannah at Horseshoe 418032). Note, there are unregulated entitlements
aligned with the ‘pumps’ symbols
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The risks identified

The analysis identified a high risk to aquatic ecosystems because of increased zero flow periods and
a reduced low flows as a result of licensed extraction in the Tycannah Creek Water Source (DPIE
Water, 2019). At the commencement of the water sharing period in 2012, this water source had

2780 ML of unregulated entitlement (this volume was used in the model). There has been no change
in the licensed entitlement in the year 2023.

The environmental and hydrological information available for this water source has been reviewed to
determine how the high risks to aquatic 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 source has a flow gauge at Tycannah at Horseshoe (418032) which is in the mid
catchment. Analysis of the observed flows (cleansed dataset®) Tycannah at Horseshoe (418032) for
the historical period of record (1971 to 2023) shows that ecologically critical flows (defined as

<1 ML/day) represent the 58th percentile and the 80th percentile is 0 ML/d.

The observed flows for the period of the water sharing period between 2012 and 2022 shows that
ecologically critical flows (<1 ML/day) represent the 45th percentile and the 80th percentile is

0 ML/day. This shows river flows during the period of the water sharing period have been lower than
the full historical record.

The analysis shows us that the 80th percentile is 0 ML/day for both periods. The analysis also
indicates there was a 13% increase in flows being <1 ML/day in the last 10 years. The data set
demonstrates that river flows during the period of the water sharing period have been lower than
the whole historical record. More frequent lower flows place increased stress on water dependent
biota.

Overall, the long-term flow duration curve from Hydstra suggests there is a high frequency of zero
flow periods (Figure 3). Protecting low flow and zero flow periods would be beneficial for the biota in
this water source as discussed above, however, there is some uncertainty in the degree of benefits
because of the frequency of cease to flow periods. It should be noted that the period of this water
sharing plan includes the worst drought on record (2017-2020).

8 Cleansed data is the observed HYDSTRA data that has filtered to exclude poor quality data and gauge
errors.
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Figure 3. Flow duration curve for Tycannah Creek at Horseshoe (418032) from 1979 to 2023
Time Weighted Discharge Rate Duration Curve.
Discharge Rate in Megalitres/Day, Instantanecus Values. Interval 1 Days
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Modelled hydrological scenarios

The following model results are presented for consistency. However, there is some uncertainty in
the degree that a cease to pump would reduce the frequency of zero flow conditions, as this system
naturally dries out.

The following scenario analysis used IQQM modelled data (See Appendix 1 and Appendix 2).
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 the purpose of this
investigation, full activation of the entitlement was assumed (Appendix 1). 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 in modelled scenarios for this water source
is detailed in Appendix 2. For Tycannah at Horseshoe (418032) gauge the modelled data includes
38 years of data (1971-2009) (Sayers et al., 2018).

The scenarios that have been modelled are:

e no visible flow at the gauge (surrogate for the current rule)
e 2 ML/day cease to pump

e 3 ML/day cease to pump

e 5 ML/day cease to pump, and a

e no development scenario.

The current rule in place in Tycannah Creek Water Source —no visible flow at the pump site could
not be modelled because this would require more accurate information on water access at each
individual pump site, such as telemetered pump data, to inform and model river flows and access
conditions at multiple pumping locations on the river. The no visible flow at the gauge rule scenario
is simpler to model as it only requires access to be determined at one location — the gauge. The no
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visible flow at the gauge rule has been modelled for comparison purposes but may not fully reflect
the current rule in effect during the water sharing period (2012 to 2022). However, it is the closest
available modelled rule scenario.

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 (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 aquatic 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 and very low flows are all parts 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.

Ecologically critical flows

Ecologically critical flows are defined as flows less than 1 ML/day. This threshold represents an
extremely low level of flow, that is likely to result in some parts of the river ecosystem being
severely impacted. Below the ecologically critical flow threshold there is negligible connectivity and
organisms which rely on flowing water habitats may not have sufficient flows to survive.

The no development scenario model showed that ecologically critical flows (<1 ML/day) occur at the
71st percentile and the 80th percentile is 0.1 ML/day.

Calculating the low flow threshold and 95th percentile flow

The low flow threshold represents the flows which are important for protecting fundamental
ecosystem health and function. Low flow and 95th percentile flows are the level at which there is a
possibility of keeping some ecological meaningful flowing water habitats.

The modelled no development scenario is used to calculate the low flow and very low thresholds
used to compare between rule scenarios. To calculate the low flow threshold the analysis:

1. 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

2. 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.
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3. 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 Tycannah at Horseshoe (418032) is 1.8 ML/day. The rating table from the
Tycannah at Horseshoe (418032) gauge indicates that the water level at 1.8 ML/day is approximately
1.13 m, which represents approximately 6 cm above the cease to flow level (cease to flow is 1.070 on
Hydstra (real time indicates 1.170 m https://realtimedata.waternsw.com.au/water.stm). 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 Figure 4 and Figure 5 and the progressive benefits are
discussed within each flow component below.

Zero flows

The cease to pump rule scenarios 2 ML/day and above (3 ML and 5 ML) provide benefit and improve
the flow conditions in the zero flow category. This can be seen in the reduction of zero flow
conditions from the no visible flow rule scenario where zero flows occur 50% of the time, to a shift
to a higher flow category (Figure 4). The benefits to zero flow are also shown in the flow duration
curve (Figure 5), which shows a reduction in the gap between the no development (brown line) with
each cease to pump rule scenario (see the arrows showing the benefits at each cease to pump
level).

Ecologically critical flows

The cease to pump rule scenarios 2 ML/day and above (3 ML and 5 ML) provide benefit and improve
the flow conditions. This can be seen by a shift from zero flow (no visible flow scenario) to the

<1 ML/day category where the ecological critical flow occurs 12% of the time (see the pink portion of
the bar chart, Figure 4. The benefits in ecologically critical conditions are also shown in the flow
duration curves Figure 5, which shows a reduction in the gap between the no development (brown
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 is <1 ML/day and represented within the ecologically critical flow category.

Low flows

The 2 ML/day and above cease to pump rule scenarios show improvements by shifting flows away
from zero flow and shows improvements to low flow categories (Figure 4) and protects flows below
the low flow threshold (red dashed line, 80th percentile of flowing days, Figure 5).
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Figure 4. Hydrological model outcomes for Tycannah at Horseshoe (418032) gauge based on 38 years of modelled data
(1971 - 2009). The graph shows the percent of days per year for ecologically critical flows (<1 ML/day), low flows (1 - 1.8
ML/day) and > low flows (> 1.8 ML/day, 80th percentile of flowing days) under 4 different cease to pump. 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
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Figure 5. A Flow Duration Curve of the Modelled data (1971-2009) for Tycannah at Horseshoe (418032), showing the
modelled scenarios: No Visible Flow (NVF) at the gauge, 2 ML/day, 3 ML/day and 5 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 cease to pump level is the key driver of differences when comparing modelled rule scenario
benefits in the low flow categories (ecologically critical flows and low flows). 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
Tycannah 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, 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 139 days on average per year that flows were
0 ML/d (based on the water sharing plan period (01/07/2012 - 30/6/2022 (3,650 days) for Tycannah
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at Horseshoe (418032). There was on average approximately 239 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

¢ 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
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).

Hydrological analysis, a supplementary report extract for Water Sharing Plan review 22



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)
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.
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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 S?2) 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. Tycannah Creek IQQM model description

Water source and model

Water source boundaries

Assumptions
Flow sequence

Flows used

Total area factor

On-river dams area factor
On-farm dams area factor
Water access

Level of entitlement

Access rules (CtP)

Higher access rule

(CtP on Approval)

Pump capacity

On-river dam access

On-farm storage

available

Tycannah Creek

The main stream is Tycannah Creek with headwater streams

flowing into it.
Confidence
Moderate

A measured flow sequence was used to represent the
streamflow available to be extracted. This flow was measured
at the gauging station “Tycannah Creek at Horseshoe
Lagoon” (418032). The flow sequence extends from
01/06/1971 to 08/10/2009, 38.4 years in total. 9.0% of the
measured sequenced need to be filled using a correlation

with a nearby gauging station.

The flow sequence was factored for area by 1.30.
No on-river dam simulated.

No on-farm dams simulated.

Low

The total entitlement simulated was 2,780 ML made up of:
¢ 2,768 ML Unregulated category entitlement
¢ 12 ML Domestic and Stock category.

The visible flow CtP was simulated by allowing access down

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

No higher of access rules (CtP) were simulated.

A pump capacity of 46.13 ML/day was available for irrigation
and 0.03 ML/day was available for Stock and Domestic and
LWU water extraction.

No on-river dams simulated.

No on-farm storage simulated.
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Water source and model

Irrigation pattern

Crop

Groundwater extraction

Licence locations

Tycannah Creek

High

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 “Millie Creek”
(418_17) was used. This crop mix is represented by simulating
the water demands of the following crops:

e Cotton 72%
e Fababean 4%
e Wheat 24%.

The total area irrigated (based on the full development of the
entitlement) in the Tycannah Creek system was estimated to
be 437ha.

The weather station used was Gurley (Glenroy) (station
number 53014).

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

No substantial alluvial extractions identified as impacting on

streamflow.

Sayers, J,, Raine, A., Taylor, S., Coleman, D., 2018. Estimating the likelihood of impacting on the key
riverine ecosystem functions using river modelling. State of New South Wales through Department
of Industry. Available at https://water.nsw.gov.au/__data/assets/pdf_file/0008/456884/modelling-

report-estimating-likelihood-impact-KEFs.pdf

Hydrological analysis, a supplementary report extract for Water Sharing Plan review 26


https://water.nsw.gov.au/__data/assets/pdf_file/0008/456884/modelling-report-estimating-likelihood-impact-KEFs.pdf
https://water.nsw.gov.au/__data/assets/pdf_file/0008/456884/modelling-report-estimating-likelihood-impact-KEFs.pdf

	Acknowledgement of Country
	Background
	Introduction
	Copeton Dam Water Source
	Rule scenarios for mitigating hydrological risks
	Summary of hydrological scenarios
	Why is greater protection for low flows needed?

	Aquatic ecology of the water source
	The risks identified
	Hydrology of the water source based on observed data
	Copes Creek at Kimberley
	Gwydir River at Bundarra

	Modelled hydrological scenarios
	Environmental water requirements
	Bells’ Turtle:
	Freshwater catfish:

	Flow days at environmental flow thresholds based on the observed data

	Tycannah Creek Water Source
	Rule scenarios for mitigating hydrological risks
	Summary of hydrological scenarios
	Why is greater protection for low flows needed?

	Aquatic ecology of the water source
	The risks identified
	Hydrology of the water source based on observed data
	Modelled hydrological scenarios
	Ecologically critical flows
	Calculating the low flow threshold and 95th percentile flow

	Comparison of rule scenarios based on modelled data
	Zero flows
	Ecologically critical flows
	95th percentile flows
	Low flows
	Flow days at environmental flow thresholds based on the observed data

	References

	Appendices
	Appendix 1. Modelling cease to pump scenarios
	Hydrological analysis of cease to pump scenarios
	Appendix 2. Tycannah Creek IQQM model description


