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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 Lachlan Unregulated Rivers
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 (PUB24/379). 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 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. This scenario is necessary as data on actual
extraction is not currently available. The model does enable comparison of different cease to pump
scenarios, and the impact likely 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 Lachlan (DPIE
Water, 2020) 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 (that is, 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):

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

e Boorowa River and Hovells Creek Water Source

e Mandagery Creek Water Source.
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Boorowa River and Hovells Creek Water
Source

Rule scenarios for mitigating hydrological risks

Summary of hydrological scenarios

Several rule scenarios have been modelled including:
— No visible flow at the gauge (current rule)

— 1 ML/day cease to pump

— 2 ML/day cease to pump

— 3 ML/day cease to pump

— 4 ML/day cease to pump

— 5 ML/day cease to pump

— 7 ML/day cease to pump, and

— 10 ML/day cease to pump.

A 1 ML/day cease to pump rule would decrease the number of cease to flow days by 70%
compared to the scenario of no visible flow at the gauge.

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

A 5 ML/day or greater rule would further improve environmental outcomes by reducing the
severity of cease to flows, increasing flowing water habitats and protecting more flows in the
low flow range.

A 7 ML/day or greater rule would provide the best protection (mitigate all of the identified risks)
for the environment by providing both reduced cease-to-flow periods, increase the time that
there are low flows and increasing the duration of base 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.

7 ML/day or greater rule would protect the needs of river ecosystems including protecting
habitat for the Southern Pygmy Perch, Murray Cod, Sloanes Froglet, Booroolong Frog and the
lower Lachlan River endangered ecological community whilst also ensuring water is more
available in dry times to supply basic landholder rights, as well as 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 and allow their survival throughout the drier summer
months.
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e The risk assessment identified a high risk of increased cease to flow periods resulting in loss of
surface flows and river connectivity more often and reduced base flows (80th percentile) in the
Boorowa River and Hovells Creek water source.

e A cease to pump rule can protect all flows 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 cease to flows, very low flows, low flows and baseflows.

Options for better ecological outcomes

e There is some ecological benefit from the 2 ML/day cease to pump scenario with 11% of flows
moved into the low flow range relative to the 1 ML/day scenario. This would provide the greatest
benefit in the months from January to April when median monthly flows are lowest.

e The 3 ML/day cease to pump scenario shows improved benefits during the months from
November to January, with a low flow threshold similar to the no development scenario.

e The implementation of a 5 ML/day scenario would provide for improved ecological outcomes
with low flows close to that of the no development scenario.

Aquatic ecology of the water source

The Boorowa River and Hovells Creek water source supports a range of aquatic species, including
Booroolong Frog, Southern Pygmy Perch, Murray Cod, Lower Lachlan River endangered ecological
community (DCCEEW, 2022b; DPI Fisheries, 2016; DPIE Water, 2020), Sloanes Froglet (Figure 1) and
a variety of aquatic insects important in the river food web (Ellis et al., 2022). 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 Boorowa River and Hovells Creek water source, the
occurrence of 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.
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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 as a result of licenced extraction in the Boorowa River and Hovells
Creek Water Source (DPIE Water, 2020). At the commencement of the water sharing plan in 2012,
this water source had 1187 ML of unregulated entitlement (this volume was used in the model).
There has been no substantial change in licenced entitlement during the plan period to 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 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 a flow gauge at 412029 Boorowa River at Prossers Crossing, which is in the
lower part of the catchment. Analysis of the observed flows (cleansed dataset') for Boorowa River at
Prossers Crossing (412029) gauge for the historical period of record (1938 to 2023) shows that
ecologically critical flows (defined as <1 ML/day) represents the 87th percentile.

The observed flows for the period of the water sharing plan between 2012 and 2023 shows that

1 ML/day represents the 82nd percentile and the 87th percentile has become 0.39 ML/day (Figure
2). This shows that river flows during the period of the water sharing plan have been significantly
lower than the full historical record. This may be due to the long term decline in stream flow and
increased hydrological stress on low flows from extraction (Bureau of Meteorology, 2022; DPIE
Water, 2020).

The analysis shows us that there has been a 5% increase when the river was flowing at <1 ML/day in
the last 11 years (that is, the time the river is below ecologically critical flows has increased).
Additionally, the change from 1.0 ML/day to 0.39 ML/day for the 87th percentile shows us that the
discharge rate at the gauge has reduced. 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).

An additional line of evidence for the long-term decline in flows is the trend analysis of annual daily
streamflow at Q10 (90th percentile flow exceedance probability) for the hydrologic reference
station of Boorowa River at Prossers Crossing (412029) (Figure 3). Analysis performed by the Bureau
of Meteorology (2022) shows the long term variability of stream flow and the step change before
and after 1994. Similar trends are seen for the range of flow percentiles.

' Cleansed data is the observed HYDSTRA data that has filtered to exclude poor quality data and gauge errors.
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Figure 1. Water Source summary map. Map from the Risk assessment for the Lachlan WRPA (SW10) Part 2 (CM9
INT18/168088) (DPIE Water, 2020)
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Figure 2. Flow exceedance percentiles for Boorowa River at Prossers Crossing (412029) gauge using observed flows
(cleansed dataset) for. Solid line is for the period of record and the dashed line is since the start for the water sharing plan
in July 2012. Note the log scale for the y-axis
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Figure 3. Trend analysis of annual daily streamflow at Q10 (90th percentile flow exceedance probability) for the hydrologic
reference station of Boorowa River at Prossers Crossing (412029). Analysis performed by the Bureau of Meteorology
showing the long term variability of stream flow and the step to change before and after 1994. Image from Bureau of
Meteorology (2022)
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Modelled scenarios

The following scenario analysis used IQQM modelled data (See Appendices 1 and 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 for this water source is detailed in Appendix 2. For the Boorowa River at Prossers
Crossing (412029) gauge the model includes 66 years of data (1938 to 2008) (Sayers et al., 2018).

The scenarios that have been modelled are:

e No visible flow at the gauge (current rule)
e 1ML/day cease to pump

e 2 ML/day cease to pump

e 3 ML/day cease to pump

e 4 ML/day cease to pump

e 5 ML/day cease to pump

e 7 ML/day cease to pump

e 10 ML/day cease to pump, and a

e No development 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 (note 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, 2020).
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 lowest level of risk. 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.
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Ecologically critical flows

Ecologically critical flows are defined as visible flows that are 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
85th percentile and the 80th percentile is 3.2 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:

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, 2020)

e calculated the 95th percentile —the 95th percentile is used as very low flows and is consistent
with the approach used in the risk assessments (DPIE Water, 2020).

The low flow threshold for Boorowa River at Prossers Crossing (412029) is 5.9 ML/day. The rating
table (in Hydstra as of 19/02/2024) from the Boorowa River at Prossers Crossing (412029) gauge
indicates that the water level at 5.9 ML/day is approximately 60 = 5 cm. This equates to 10-20 cm
above the cease to flow level (of 0.450 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.

There is uncertainty for real time measurements at the gauge for low flows, estimated by
WaterNSW to be £ 50% and is included in the flow depth ranges for low flows above. This level of
uncertainty has only been recorded at the gauge since 2019 when the control was damaged. Prior to
this, the gauge was considered to be good quality. Long term data is quality controlled to ratings
curve and suitable for this analysis. This gauge is also listed as a Hydrologic Reference Station the
Bureau of Meteorology.
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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 6 and Figure 7 and the progressive benefits are
discussed within each flow component below. For an explanation and example of how to interpret
the flow duration curves see page 18 (Interpretation of flow duration curves).

Zero flows

The cease to pump rule scenarios 1 ML/day and above (2, 3, 4, 5, 7 and 10 ML/day) likely provide
benefit and improve the flow conditions in both the zero flow and ecologically critical flow
categories. This can be seen in the reduction of zero flow conditions from the no visible flow rule
scenario where zero flows occur 23% of the time (65 days/year), to around 7% of the time

(21 days/year), under each of the cease to pump rule scenarios above 1 ML/day (see the orange
portion of the bar chart (Figure 6)). The change represents an increase in flow above zero flow
conditions for 16% of the year. The benefits to zero flow conditions are also shown in the flow
duration curve (Figure 7), which shows a reduction in the gap between the no development (thick
blue 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 1 ML/day and above (2, 3, 4, 5, 7 and 10 ML/day) likely provide
benefit and improve the flow conditions in the ecologically critical flow category (<1 ML/day). This
mirrors the decline in zero flow days with the ecologically critical flows increasing from 2% to 18%
of the time (pink part of the bar chart, Figure 6). The benefits in ecologically critical conditions are
also shown in the flow duration curve (Figure 7), which shows a reduction in the gap between the no
development (thick blue 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 to 4 ML/day cease to pump rule scenarios show improvements to the low flow
component (that is, flows of 1.0-5.9 ML/day). A 2 ML/day and above cease to pump would improve
the lows flow during the drier months (December to April, Figure 4) and the 4 ML/day scenario
would help maintain flow for ecosystem function from November to January (Figure 5).
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Figure 4. Flow ML/day) at exceedance percentiles (80th percentile for low flow and 95th percentile for very low flow) and
the percentage of days with no visible flow (<0.1 ML/day) for the included months for a range of cease-to-pump scenarios
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Figure 5. Flow ML/day) at exceedance percentiles (80th percentile for low flow and 95th percentile for very low flow) and
the percentage of days with no visible flow (<0.1 ML/day) for the included months for a range of cease-to-pump scenarios
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For the 5 ML/day cease to pump rule scenario flows start to shift above the low flow threshold. The
difference between the rule scenario (green line in Figure 3) and the no development scenario (thick
blue line) is less than 20% for flows below the low flow threshold (Figure 7).

The 7 ML/day and 10 ML/day cease to pump rule scenarios are similar to the no development
scenario and provide the best environmental outcomes for cease to flows, low flows (<80th

percentile) and base flows (>80th percentile) (Figure 6). This provides the best protection for the
identified ecological assets and functions in the Boorowa River and Hovells Creek water source.
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Figure 6. Hydrological model outcomes for Boorowa River at Prossers Crossing (412029) gauge based on 66 years of
modelled data (1938 - 2008). The graph shows the percent of days per year for zero flows, ecologically critical flows
(<1 ML/day), low flows (1-5.9 ML/day) and > low flows (>5.9 ML/day, 80th percentile of flowing days) under 8 different
cease to pump scenarios. NVF is no visible flow. The no development (No Dev) scenario represents 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 (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 below need to be considered in the context of the risks identified in the
Boorowa River and Hovells 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,
5.9 ML/day, which is the flow that is exceeded 80% of the time for flowing days).
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Figure 7. A flow duration curve of the modelled data (1938-2008) for Boorowa River at Prossers Crossing (412029),
showing the modelled scenarios: No visible flow at the gauge, and 1, 2, 3, 4, 5, 7 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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Interpretation of flow duration curves

The flow duration curves presented in Figure 7 can be interpreted as follows:

e The ‘no development’ (natural flows) scenario (thick blue line) represents how the system would
operate without any extraction over the long term (zero flows occur 6% of the time)

e All coloured lines below the no development scenario 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.

e The modelled cease to pump scenarios show that once the cease to pump threshold has been
exceeded licence holders 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
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scenarios. This is because the model assumes that when flows are above that cease to pump
threshold, licence holder behaviour may utilise full entitlement take. Prior to this all river flows
below the specified cease to pump scenario have not been available for extraction. For example,
the purple line representing the 3 ML/day cease to pump scenario protects all flows below

3 ML/day and is similar to the no development scenario in the low flow portion of the graph.
However, once licence holders are permitted to pump water from the river, flow above this
threshold is maintained at a lower discharge relative to the no development scenario. This
results in a shorter time that these flow rates are equalled or exceeded, illustrated by the shift
the left of the flow duration curve above the cease to pump value. It is important to note that this
data is not observed pumping activity, it is modelled licence holder 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 orange line representing the current no visible flow
cease to pump scenario is maintained at or close to zero for a much longer time as any flow
above this can be extracted (within the limitations of the entitlement). Flows above the range line
and below the thick blue line (no development) are theoretically available for extraction. Any
cease to pump scenario below the ecologically critical flow threshold (1 ML/day) of protection
does not adequately protect ecologically critical flows.

e The1ML/day cease to pump scenario (yellow line) matches up with the grey dashed line
protecting flows of less than or equal to1 ML/day. Under the 1 ML/day cease to pump scenario,
flows between 0 ML/day and 1 ML/day occur approximately 17% more often than under no visible
flow option - this is shown by the gap between the yellow and orange lines and in the pink
section of the bar chart of Figure 6. 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 Ascease to pump thresholds increase, protection is improved for low flows. For example, under
a 4 ML/day cease to pump scenario, flows greater than 4 ML/day occur approximately 79% of
the time compared to the 1 ML/day rule where they only occur 73% of the time. Thisis a
significant improvement to the protection of low flows in the water source, particularly during
the drier months from November to January.

e Eachincrease in cease to pump value reduces the gap between the cease to pump scenario and
the no development line.

e The 7 ML/day cease to pump scenario (grey line) most closely aligns with the no development
scenario until beyond the low flow threshold protecting all flows below this value and would
best mitigate the risks from extraction identified in the risk assessments.

Flow days at environmental flow thresholds based on the
observed data

Under the current cease to pump condition there were 40 days on average per year with no visible
flow (based on the water sharing plan period (01/07/2012-30/6/2023 (4,017 days). There was on
average 67 days per year where flows were in the ecological critical flows and 109 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 during lower flows.
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Mandagery Creek Water Source

Rule scenarios for mitigating hydrological risks

Summary of hydrological scenarios

e Options for cease to pump values and locations have been provided in prior reports including
‘Appendix A - Evaluation of the Planned Environmental Water (Effectiveness of Cease to Pump
arrangements for the Mandagery Creek System) report’ (DPl Water, 2019).

e Several rule scenarios have been modelled including:

No visible flow at the end of the system
1 ML/day cease to pump
2 ML/day cease to pump
5 ML/day cease to pump

10 ML/day cease to pump at the end of the system (current risk assessment modelled cease
to pump)

12 ML/day cease to pump at the end of the system (equivalent to the current end of system
cease to pump for the Lower Mandagery management zone, or 9.7 ML/day at the gauge),
and

15 ML/day cease to pump at the end of the system.

e There are cease to pump rules that have not been activated for each of the management zones
specified in the water sharing plan ranging from 1.48 ML/day to 12 ML/day. Implementing or
managing flow using a no visible flow rule would create a ‘high’ risk to the environment for zero
flows.

e 1,2 and 5 ML/day cease to pumps would remove protection of low flows, significantly reducing
the volume of water flowing during low flows compared to the current (inactive) water sharing
plan rule.

e 12 ML/day or above cease to pump rule at the end of the system (9.7 ML/day at the Mandagery
Creek Upstream Eugowra gauge (412030) would provide the best protection (mitigate all of the
identified risks) for the environment by providing both reduced cease to flow periods, increase
the time that there are very low to low flows and increasing the duration of base flows, which is
important to maintain connectivity of refuge pools in intermittent and ephemeral streams and to
protect the wetting and drying regime of the stream.

e 12 ML/day or above cease to pump rule at the end of the system (9.7 ML/day at the gauge) would
protect the needs of river ecosystems including protecting habitat for Booroolong Frog, Yellow-
Spotted Tree Frog, Silver Perch, Murray Cod, Purple Spotted Gudgeon, Eel-Tailed Catfish, Lower
Lachlan River endangered ecological community and Sloanes Froglet, whilst also ensuring water
is more available in dry times to supply basic landholder rights, as well as requirements for on-
farm hygiene and emergencies.
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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 to low flows (80th percentile) in the Mandagery Creek
water source. As part of the Water Resource Plan accreditation, the risk assessment included a
10 ML/day cease to pump at the end of system. This was shown to reduce the risk of cease to
flow periods but had a high risk to Low or Base flows. A reduction in this cease to pump level
may increase the risk of cease to flow periods.

A cease to pump rule can protect all flows 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 cease to flows, very low flows, low flows and baseflows.

Cease to pump rule at Mandagery Creek Upstream Eugowra (412030)

To model flows at the end of system, the Risk Assessment scaled flows up by 1.24 to
compensate for the additional catchment area below the gauge. That is, the catchment area at
the end of systems is 1.24 times larger than the catchment area at the gauge where the flow
values are measured. Moving the cease to pump flow to the gauge would mean the 12 ML/day
cease to pump at the end of the system (which is the current rule for the Lower Mandagery
management zone) would be 9.7 ML/day at the gauge. This aligns with 80th percentile (of
flowing days) for observed flows (cleansed dataset?) for Mandagery Creek Upstream Eugowra
(Smithfield) (412030) with a value of 9.8 ML/day.

A 10 ML/day (rounded from 9.7 ML/day) cease to pump at the gauge would provide the
appropriate protection to low flows. This aligns with the recommendations within the
‘Effectiveness of Cease to Pump arrangements for the Mandagery Creek System’ report (DPI
Water, 2019) where the following cease to pump rules were proposed:;

— below 10 ML/day at Smithfield gauge, for all upstream licences

— below 10 ML/day at Smithfield gauge, for 2 consecutive days for all downstream licences
(this provides a delay of 1 day to allow a fresh to be access.

Aquatic ecology of the water source

The Mandagery Creek water source supports a range of aquatic species, including the Booroolong
Frog, Yellow Spotted Tree Frog, Silver Perch, Murray Cod, Purple Spotted Gudgeon, Eel-Tailed
Catfish, Lower Lachlan River endangered ecological community, Sloanes Froglet (DPI Fisheries,
2016; DPIE Water, 2020) (Figure 8) and a variety of aguatic insects important in the river food web
(Ellis et al., 2022). 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

2 Cleansed data is the observed HYDSTRA data that has filtered to exclude poor quality data and gauge
errors.
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zero flow events throughout the year and provide protection for low flows and very low flows during
the breeding season (spring to summer).

Figure 8. Water source summary map. Map from Risk assessment for the Lachlan WRPA (SW10) Part 2 (CM9
INT18/168088) (DPIE Water, 2020)
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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
in rivers. To protect the environment in the Mandagery Creek Water Source water source, the
occurrence of 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.

The risks identified

The analysis identified a high risk to aguatic ecosystems because of reduced low flows as a result of
licensed extraction in the Mandagery Creek Water Source Water Source (DPIE Water, 2020). An end
of system cease to pump of 10 ML/day was modelled using flow values from Mandagery Creek
Upstream Eugowra (Smithfield) (412030) for the Water Sharing Plan Risk Assessment (Sayers et al.,
2018). At the commencement of the water sharing plan in 2012, this water source had 8,136 ML of
unregulated entitlement (7,838 ML was used in the model). There has been no substantial change in
licensed entitlement during the plan period to 2023.

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 base flows. This assessment outlines the information that was
considered.
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Hydrology of the water source based on observed data

The water source has a flow gauge at Mandagery Creek Upstream Eugowra (Smithfield) (412030),
which is in the lower catchment but upstream of a large volume of licensed entitlement (4,363 ML).
Analysis of the observed flows (cleansed dataset®) for Mandagery Creek Upstream Eugowra
(Smithfield) gauge for the historical period of record (1938-2023) shows that ecologically critical
flows (defined as <1 ML/day) represent the 81st percentile.

The observed flows for the period of the water sharing plan between 2012 and 2023 shows that
ecologically critical flows (<1 ML/day) represent the 78th percentile and the 81st percentile has
become 0 ML/day. This reduction is consistent across flows below the 50th percentile, with the 60th
percentile dropping from 17 ML/day to 12 ML/day and the 70% exceedance dropping from 8 ML/day
to 5.5 ML/day. This shows that river flows during the period of the water sharing plan have been
lower than the full historical record. This appears to be a result of increased hydrological stress on
low flows from extraction (DPIE Water, 2020).

The analysis shows us that there has been a 3% increase in the river being <1 ML/day in the last ten
years (that is, the time the river is ceasing to flow has increased). Additionally, the change from

1.0 ML/day to O ML/day for the 81st 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 demonstrates 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 (See Appendices 1 and 5). 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 for this water source is detailed in Appendix 3. For the Mandagery Creek Upstream
Eugowra (Smithfield) (412030) gauge the model includes 63 years of data (1938 to 2011) (Sayers et
al., 2018).

The scenarios that have been modelled for the end of system are:
e Novisible flow

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 (used for modelling in the most recent risk assessment)

8 Cleansed data is the observed HYDSTRA data that has filtered to exclude poor quality data and gauge
errors.
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e 12 ML/day cease to pump (current water sharing plan rule for the Lower Mandagery
Management Zone)

e 15 ML/day cease to pump, and
e No development 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, 2020). 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:

e Aqguatic 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 visible flows that are 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
83rd percentile and the 80th percentile is 2.2 ML/day.

Calculating the low flow threshold 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 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 baseflow threshold can be calculated for rivers that flow intermittently.
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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, 2020).

The low flow threshold for the end of system is 12.4 ML/day. Adjusted to the gauge at Mandagery
Creek Upstream Eugowra (Smithfield) (412030) is 10 ML/day. The rating table (in Hydstra as of
25/03/2024) from the Mandagery Creek Upstream Eugowra (Smithfield) (412030) gauge indicates
that the water level at 10 ML/day is approximately 100-106 cm. This equates to 16 + 3 cm above the
cease to flow level (of 84 cm). 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.

There is uncertainty for real time measurements at the gauge for low flows, estimated by Water
NSW to be * 20%. This uncertainty is included in the flow depth ranges for low flows. Long term
data is quality controlled to ratings curve and suitable for this analysis.

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 9 and Figure 10 and the progressive benefits are
discussed within each flow component below. All these flows are modelled for the end of system,
below all licensed entitlement on Mandagery Creek. For an explanation and example of how to
interpret the flow duration curves see page 18 (Interpretation of flow duration curves). This
approach assumes that extraction will cease at the pump site when flow at that location is at the
cease-to-pump value.

Zero flows

The current cease to pump rule scenarios at the end of the management zones that range from

1.48 ML/day to 12 ML/day would likely provide benefit and improve the flow conditions and reduce
the number of cease to flow days compared to a no visible flow rule. 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 around 14% of the time under each of the cease to pump rule scenarios (see the
orange portion of the bar chart, Figure 9). The change represents a reduction of 36% in zero flow
conditions. The benefits to zero flow conditions are also shown in the flow duration curve Figure 10,
which shows a reduction in the gap between the no development (thick blue line) with each cease to
pump rule scenario (see the arrows showing the benefits at each cease to pump level).

Ecologically critical flows

The current cease to pump rule scenarios at the end of the management zones that range from

1.48 ML/day to 12 ML/day would likely provide benefit and improve the flow conditions in the
ecologically critical flow category (<1 ML/day) compared to a no visible flow rule. This can be seen in
the reduction of ecologically critical flow conditions from the no visible flow rule scenario where
flows in and above the ecologically critical category occur 50% of the time, to around 86% of the
time under each of the cease to pump rule scenarios above 1 ML/day (see the pink portion of the bar
chart, Figure 9). The change represents an improvement of 36% in ecologically critical flow
conditions. The benefits in ecologically critical conditions are also shown in the flow duration curve
(Figure 10), which shows a reduction in the gap between the no development (thick blue line) with
each cease to pump rule scenario (see the arrows showing the benefits at each cease to pump
level).
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Low flows

For the 2 ML/day and 5 ML/day cease to pump scenarios there is a shift of flows into the low flow
category (that is, flows 1.6-12.4 ML/day). However, most of these flows are at the lower end of the of
low flow range and the 2 ML/day cease to pump scenario is barely above the very low flow
threshold. The 80th percentile flow for the 2 ML/day scenario is 12% of a no development scenario)
and for 5 ML/day scenario it is 40% of the no development scenario. Based on the process in the risk
assessments, these would present a high risk to low flows. Any extraction from a location
downstream of the gauge that can continue to take water when the flow is above the cease-to-
pump level, may draw the flow lower than the targeted cease-to-pump value at, and downstream, of
the extraction point. The lower Mandagery management zone is particularly at risk with a large
entitlement below the gauge and may increase cease to flow periods.

The 10 ML/day end of system cease to pump rule scenario shows improvement to the low flow
category. However, there is still a significant shortfall between the 10 ML/day (light blue line) and
the low flow threshold (red dashed line, 80th percentile of flowing days, Figure 10). The shortfall or
gap is far less between the 12 ML/day rule scenario (pale orange line) and the no development
scenario for flows below baseflow (Figure 10). For the 12 ML/day cease to pump rule scenario, flows
start to shift into the baseflow (>low flow) category and the 80th percentile flow volume is 96% of
the no development scenario flow.

The 15 ML/day cease to pump rule scenario provides the best outcomes for cease to flows, low
flows and base flows (Figure 9) and protects flows below the baseflow threshold (red dashed line,
80th percentile of flowing days, Figure 10). The provides the best protection for the identified
ecological assets and functions in the Mandagery Creek water source.

Figure 9. Hydrological model outcomes for end of system flows based on Mandagery Creek Upstream Eugowra
(Smithfield) (412030) gauge based on 63 years of modelled data (1938-2011). The graph shows the percent of days per
year for zero flows, ecologically critical flows (<1 ML/day), very low flows (1.0-1.6 ML/day), low flows (1.6-12.4 ML/day)

and > low flows (> 12.4 ML/day, 80th percentile of flowing days) under 7 different cease to pump scenarios. NVF is no
visible flow. The no development (No Dev) scenario represents modelled outcomes without diversions
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Figure 10. A flow duration curve of the modelled data (1938-2011) for end of system flows based on Mandagery Creek
Upstream Eugowra (Smithfield) (412030), showing the modelled scenarios: No visible flow, 1, 2, 5, 10, 15 and 20 ML/day
cease to pump rule scenarios - all set at the end of the system. 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
Mandagery 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, 12.4 ML/day,
which is the 80th flow exceedance percentile of flowing days).
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Cease to pump rule at the gauge Mandagery Creek
Upstream Eugowra (Smithfield) (412030)

To model flows at the end of system, the flows at the gauge 412030 were scaled up by 1.24 to adjust
for the additional catchment area below the gauge. The low flow threshold (80th percentile of the
no development model excluding days with zero flow) is adjusted from an end of system value of
12.4 ML/day to 10 ML/day at the gauge, and this aligns with 80th percentile (of flowing days) for
observed flows (cleansed dataset4) for Mandagery Creek Upstream Eugowra (Smithfield) (412030).

A 10 ML/day cease to pump at the gauge would provide the appropriate protection to low flows. This
aligns with the recommendations within the report Effectiveness of Cease to Pump arrangements
for the Mandagery Creek System (DPI Water, 2019) that provided further analysis and
recommendations on the timing and management zones including cease to pump rules of;

e 10 ML/day at Smithfield gauge, for all upstream licences

e 10 ML/day at Smithfield gauge, for 2 consecutive days for all downstream licences (this provides
a delay of 1day to allow a fresh to be access.

The current risk assessment has a ‘low’ risk for zero flow periods (DPIE Water, 2020). A cease to
pump rule of no visible flow would change the of overall risk rating for zero flow periods to a ‘high’
risk. In addition, any reduction in cease to pump values relative to the current water sharing plan
would result in a high risk to low flows.

Flow days at environmental flow thresholds based on the
observed data

Under the current implementation of a no visible flow cease to pump condition there were 76 days
on average per year with no visible flow (based on the water sharing plan period (01/07/2012-
30/6/2023 (4017 days). There was on average 81 days per year where flows were in the ecological
critical flows and approximately 139 days per year where flows were below the low flow threshold.
The 12 ML/day cease to pump rule for the Lower Mandagery management zone, where the gauge is
located, is equivalent to the low flow threshold. Protecting flows at these thresholds would help
reduce the stress on the river system during lower flows.

Cease to pumps scenarios and their effect on likelihood and
risk

The Lachlan Interagency Regional Working Group requested information on how the proposed
cease to pump rules would alter the Risk Assessment, particularly for low flows.

e The process follows that of the Risk Assessment for the Lachlan Water Resource Plan Area
(DPIE Water 2020) with the outputs from the IQQM model for the different cease to pump
scenarios used to calculate the likelihood and risk.

4 Cleansed data is the observed HYDSTRA data that has filtered to exclude poor quality data and gauge
errors.
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Notes on the modelling:

— All flows are modelled at the end of the system and assume that extraction will cease when
flow at the reference point is at or below the cease to pump level.

— |t also assumes that extraction will not reduce flow below the cease to pump value at the
pump site, regardless of the location of the pump relative to the reference gauge.

— For Mandagery, the model assumes all licensed entitlement in the water source will stop
pumping at the gauge cease to pump value, not just the lower Mandagery management zone.

For further information on the modelling process see ‘Estimating the Likelihood of Impacting on
the Key Riverine Ecosystem Functions Using River Modelling’ (Sayers et al. 2018).

Changes to risk assessment outcomes

The likelihood of zero flows is largely mitigated by a cease-to-pump scenario above O ML/day.
This is only valid if flows are maintained at or above the minimum of the cease to pump value at
extraction locations.

For Mandagery, A 12 ML/day end of system cease to pump (~10 ML/day at the gauge) would be
required to reduce the likelihood (-43%) to medium, but toward the upper end of the bracket,
which ranges from 20% to 50%.

It is not clear how a no visible flow rule outside of the lower management zone would impact the
risk assessment or users in the lower management zone.

Any extraction that reduced the flow below the cease to pump value would likely increase the
likelihood for zero or low/base flows and increase the risk ratings. This is particularly relevant to
the Lower Mandagery where there is a high volume of entitlement (~4,000 ML) below the gauge.
For example, when the flow is above the cease-to-pump level at the gauge where the rule is set,
extraction downstream of the gauge may reduce flows at and downstream of the site.

The cease to pump level of ~10 ML/day at the gauge has the greatest benefit for maintaining
flows and reducing the low-flow risk rating for Mandagery water source through most of the
year due to the level of entitlement in the water source.
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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 two 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 two 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 cease to pump 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, two core scenarios have been identified to
determine the effect of cease to pump rules on stream hydrology. These two 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 S?2) or in table form if required.

Supplementary Figure S1 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. Boorowa River and Hovells Creek IQQM model

description

Water source

and model

Boorowa River and Hovells Creek: model Boorowa River

Water source
boundaries

The main stream is the Boorowa River with headwater
streams flowing into it. Note the water source also includes
the smaller separate Hovells Creek system.

Assumptions Confidence
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 “Boorowa River at
Prossers Crossing” (412029).
The flow sequence extends from 01/07/1938 to 22/12/2008,
70.5 years in total. 4.7% 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 1.42.
factor
On-river dams @ A proportion of the streamflow sequence (38% 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 High

Level of
entitlement

Access rules
(Cease to
pump)

The total entitlement simulated was 1,187 ML made up of:

1,128 ML Unregulated category entitlement
59 ML Domestic and Stock category
0 ML LWU category entitlement

The cease to pump was simulated by placing a threshold on
the irrigation pumps, which simulated a cease to pump at
the end of the system. cease to pumps included were 1, 2, 3,
4,5, 7 and 10 ML/day
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Higher access
rule (Cease to
pump on
Approval)

Pump capacity

On-river dam

No higher of access rules (cease to pump) were simulated.

A pump capacity of 18.80 ML/day was available for
irrigation and 0.16 ML/day was available for Stock and
Domestic and LWU water extraction.

131 ML of on-river dam capacity was simulated.

access
9% of the unregulated entitlement had access to on-river
dams.
14% of the Stock and Domestic and LWU entitlement had
access to the on-river dams.
On-farm No on-farm storage 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
“Boorowa River and Hovells Creek” (412_04) was used. This
crop mix is represented by simulating the water demands
of the following crops:
Annual pasture 1%
Lucerne 65%
Wheat 34%
The total area irrigated (based on the full development of
the entitlement) in the Boorowa River system was
estimated to be 245 ha.
The weather station used was Boorowa Post Office (station
number 70220).
The crop factor file used was “sthwst6ed.crp”, which was
developed for the licence conversion process.
Groundwater No substantial alluvial extractions identified as impacting
extraction on streamflow.
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Licence Some of the licences have access to on-river dams (see
locations sections 'on-river dam area factor' and 'on-river dam
access').

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
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Appendix 3. Mandagery Creek IQQM model description

Water source Mandagery Creek: model Mandagery Creek

and model

Water source The main stream is Mandagery Creek with headwater

boundaries streams flowing into it.

Assumptions Confidence
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 “Mandagery Creek
upstream Eugowra (Smithfield)” (412030).

The flow sequence extends from 27/04/1938 to
03/08/2011, 73.3 years in total. 10.9% 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 1.24.
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 The total entitlement simulated was 7,838 ML made up of:
entitlement

7,750 ML Unregulated category entitlement
88 ML Domestic and Stock category

Access rules The cease to pump was simulated by placing a threshold on

(Cease to pump) the irrigation pumps, which simulated a cease to pump at
the end of the system. cease to pumps include were 1, 2, 3,
4,5,10,15 and 20 ML/day

Higher access No higher of access rules (cease to pump) were simulated.
rule
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Pump capacity

On-river dam

A pump capacity of 129.17 ML/day was available for
irrigation and 0.24 ML/day was available for Stock and
Domestic and LWU water extraction.

No on-river dams simulated.

access
On-farm No on-farm storage 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
“Mandadgery Creek” (412_08) was used. This crop mix is
represented by simulating the water demands of the
following crops:
Annual pasture 4%
Lucerne 85%
Orchard 3%
Perennial pasture 2%
Summer Maize 1%
Vegetables 3%
Grapes 1%
Wheat 1%
The total area irrigated (based on the full development of
the entitlement) in the Mandagery Creek system was
estimated to be 1310 ha.
The weather station used was Cudal Post Office (station
number 65010).
The crop factor file used was “cenwst6ed.crp”, which was
developed for the licence conversion process.
Groundwater No substantial alluvial extractions identified as impacting
extraction on streamflow.
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Licence The cease to pump is triggered at a location below the
locations majority of the irrigation pumps, hence it is simulated as if
all pumps are above the trigger point.

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
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