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 Glossary 
 

Term Definition 

BDL baseline diversion limit 

Cap the Murray–Darling Basin Ministerial Council cap on diversions 

CC current conditions 

EFRG Environmental Flows Reference Group 

EWA environmental water allowance 

HEW held environmental water 

IQQM Integrated Quantity and Quality Model 

LTAAEL long-term average annual extraction limit 

LTWP long-term watering plan 

MDB Murray–Darling Basin 

MDBA Murray–Darling Basin Authority 

MDBSY Project Murray–Darling Basin Sustainable Yields Project 

PEW planned environmental water 

SDL sustainable diversion limit 

WM Act  Water Management Act 2000 

WRP water resource plan 

WSP water sharing plan 
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1. Overview 
1.1 Issue 

Section 10.28 of the Murray–Darling Basin Plan 2012 (the Basin Plan) states: ‘A water resource plan must 
ensure that there is no net reduction in the protection of planned environmental water from the protection 
provided for under state water management law immediately before the commencement of the Basin Plan’.  

Modelling analysis is required to demonstrate there has been no net reduction in the protection of planned 
environmental water (PEW). To achieve this, the analysis needs to consider the PEW in place prior to the 
commencement of the Basin Plan in November 2012 and compare this baseline with the proposed changes to 
water sharing rules that will protect, manage or maintain PEW. 

Current translucent flow based rules in the Cudgegong regulated river are clearly defined within the current 
water sharing plan (WSP) and have some advantages and disadvantages. They tend to result in smaller, 
short-duration flow events during dry and moderate seasons and then deliver larger flows during wet years, 
including causing some issues during larger (for example, Burrendong Dam flood mitigation) events. As the 
rules are based on inflows, required frequency of some environmentally critical flow elements, such as small 
and large freshes, are not being met reliably. 

The proposed changes to PEW rules in the Cudgegong River will provide environmental water managers 
with more flexibility for responding to ecological requirements and increases the ability to achieve long-term 
watering plan (LTWP) targets, particularly for fish requirements. As it is unclear how environmental flow 
releases will be made, a range of scenarios representing different extremes of use were tested, and a set of 
assumptions for environmental water allowance (EWA) releases were made. On this basis the modelling is 
useful for sizing the Cudgegong EWA but cannot provide insights into improvements in meeting LTWP 
targets from changes in operations. 

1.2 Strategy 
Replace the current Cudgegong translucency rules with a discretionary allowance, modelled as a General 
Security (GS) licence with the same long-term average annual volume as the existing translucent releases.  

1.3 Summary 
• The baseline model implementation of translucency releases was compared against adjusted observed 

data. This demonstrated that the model adequately replicates existing release patterns. The revised 
baseline model estimated the long-term average annual translucent flow to be 6720 ML. 

• The allowance was sized to ensure that both the long-term average volumes available to the environment 
remain unchanged and the release patterns do not impact on third parties. To achieve this, the analysis 
explored scenarios that looked at extremes of water usage strategies. These included (i) releasing water 
as soon as it is available, (ii) releasing at the end of the water year, and (iii) releasing at the end of the 
water year and just before Burrendong Dam enters the flood mitigation zone.  

• The modelling found that converting to an equivalent discretionary allowance did not significantly impact 
existing water security, irrespective of when and how the discretionary allowance is used within a water 
year. 

• Where and how the discretionary allowance is used does impact on the conversion of existing translucency 
releases to a general security licence. Underutilisation of the allowance and release constraints require 
larger conversion factors. Based on how water is used, allowance sizes ranged between 11,520 and 
19,450 ML. If water is released in June and before Burrendong Dam enters the flood mitigation zone, the 
conversion is 12,330 ML. 

• Based on discussions with the NSW Office of Environment and Heritage (OEH), it is unlikely that water 
would be used either immediately or at the end of the water year. On this basis, releasing as late as 
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possible and prior to Burrendong Dam entering the flood mitigation zone best reflects future usage and 
provides the greatest flexibility 

• The difference between scenarios needs to be taken in light of model uncertainties. Where differences are 
within model uncertainties, then conclusions are limited to saying that differences are not significant. 
Drawing specific conclusions on differences between scenarios is based on higher level logic of behaviour 
rather than published model numbers that are within model uncertainties. 

• One of the risks to this discretionary approach is around local sensitivities with releases from Windamere 
Dam, in particular during periods when the volume is low or when there are high flows in the river. The risk 
of low storage volume is managed by adopting a 110 GL Windamere Dam volume threshold before making 
environmental releases. The risks during high flow periods can be managed by: 

o not releasing water to exceed the channel capacity of the Rocky Water Hole crossing 
(approximately 1200 ML/day) 

o not releasing when the Windamere Dam is spilling or Burrendong Dam is in the flood mitigation 
zone. 

• The rules for the proposed Cudgegong EWA are relatively consistent with the current constraints on the 
Cudgegong translucency rules, apart from the constraint on release when Burrendong Dam is in the flood 
mitigation zone. This has been agreed by NSW agencies in recognition of the re-regulation benefits to all 
water users in both regulated rivers of capturing that water in Burrendong Dam. 

• Based on the analysis, NSW Department of Industry recommends establishing a discretionary 
environmental water allowance for the Cudgegong regulated river that mimics the Macquarie EWA and 
permits releases when Windamere Dam is above 110 GL. The size of the allowance is assessed to be 
12,330 ML and accounted for at Rocky Water Hole gauge. 

Note: The size of the allowance will be confirmed once additional model improvements to include floodplain 
harvesting are made. This is expected to be complete by April 2019 and will use the same principles as the 
modelling to date.  

2 Scenario descriptions 
2.1 Baseline Cudgegong environmental flow rule 

(EFR)configuration 
The Cudgegong environmental flow rule was configured according to the WSP and modelled as follows: 

• The ‘Without Development’ model was run to identify days when the flow at Rocky Water Hole gauge 
exceeded 150 ML/day. 

• A time series trigger file was calculated for periods of two days or more when flow at Rocky Water Hole 
gauge would exceed 150 ML/day. 

• In the ‘Baseline’ model, inflows are released from Windamere Dam when a trigger has occurred to 
achieve a flow of between 150 ML/day and 1200 ML/day at Rocky Water Hole gauge. Note the 
1200 ML/day is adopted to reflect current operational practices that take into consideration the flooding 
of a river crossing (this assumption was 1500 ML/day in previous scenario testing, which reflect the 
number in the WSP) 

• Releases are not made when Windamere Dam is below 110 GL or spilling. 

2.2 Description of scenarios  
Four scenarios were considered: 

1. baseline (CC59) 
2. immediate release delivered to Rocky Water Hole and Windamere volume threshold 110 GL (P099) 
3. end of water year plus pre-flood mitigation release delivered to Rocky Water Hole and Windamere 

volume threshold 110 GL (P101) 
4. end of water year release delivered to Rocky Water Hole and Windamere volume threshold 110 GL 

(P100) 
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Note scenarios 2–4 (P099-P101) are variations of the baseline model where the environmental flow request 
node below Rocky Water Hole gauge is replaced with a general security time series node. 

Scenario 1 (CC59): This scenario represents current/baseline conditions with existing Cudgegong 
environmental releases rules as described previously. It also includes current levels of development and 
environmental water requirements which is a total entitlement volume of 334 GL, modelled as general security 
entitlement, and consisting of: 

• 96 GL of planned environmental water (active EWA) 
• 64 GL of planned environmental water (translucent EWA) 
• 126 GL of Commonwealth held environmental water (as an irrigation demand) 
• 48 GL of NSW held environmental water 

Scenario 2 (MacqP099): Requests are made at Rocky Water Hole gauge at 600 ML/day as soon as general 
security balance becomes available. The volume threshold for Windamere Dam is 110 GL. This scenario 
represents the most efficient use of water. 

Scenario 3 (MacqP101): Requests are made at Rocky Water Hole gauge at 600 ML/day at the end of the 
water year (June) as well as a month before Burrendong Dam enters the flood mitigation zone. Note the flood 
mitigation triggered is based on Burrendong storage volumes in Scenario 1 and only occurs when Burrendong 
Dam is out of the flood mitigation zone for a period exceeding 30 days. 
Scenario 4 (MacqP100): Requests are made at Rocky Water Hole gauge at 600 ML/day at the end of the 
water year (June). This scenario represents the worst case for licence reliability as account water may be lost 
under flood mitigation zone resetting rules. 

Note: 

1. In all scenarios, requests are not made when Windamere Dam is spilling (>368.12 GL), or Burrendong 
Dam is in the flood mitigation zone (>1188 GL). 

2. For scenarios 2–4 an iterative approach was used to estimate a general security licence entitlement 
that ensured that average annual Cudgegong environmental usage approximately matched the 
baseline average annual translucency release (6720 GL). 

3. Version 7.92.0.3392 of IQQM was used for the modelling. 

2.3 Scenario modelling assumptions  
The release assumptions are likely to be significantly different from how a discretionary allowance would be 
managed in practice to develop plausible modelling scenarios.  

At this stage, it is unclear how environmental flow releases will be made. Modelling scenarios 2 and 4 explore 
two extremes of usage—that is, as soon as water becomes available and the latest possible use at the end of 
the water year. Scenario 3 explores a case where use may also occur before Burrendong Dam enters the 
flood mitigation zone and consequently represents the worst possible case of transferred water potentially 
spilling from Burrendong Dam. 

The release rate of 600 ML/day was chosen in recognition that the near-natural hydrographs likely to be 
released are limited at their peak by physical capacity constraints, especially at Rocky Water Hole 
(1200 ML/day). A flat rate of 600 ML/day (half the current capacity) is not likely to be exceeded over the long 
term and is hence a conservative scenario to ensure that, in the sizing of the entitlement, existing licence 
holders are not impacted. From a model sensitivity perspective, the specific flow rate impacts on the number of 
days to consume the general security balance. Given that there are typically long periods when release 
conditions are favourable, the results are unlikely to be sensitive to this adopted flow rate. 

A consequence of the modelling approach is that the results do not provide any useful information on an 
event-basis or inform how a discretionary allowance might improve environmental outcomes. These 
consequences can only be assessed once environmental release rules are described be the environmental 
water manager, and implemented in the model. 
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The general security environmental licence has the same rules as existing Macquarie-Cudgegong general 
security licences. Consequently, suspension of carry over reduction due to evaporation for the environmental 
licence when Windamere Dam is below 110 GL was not considered. Noting that due to the way that 
environmental water is used within the model there is no carry over water when Windamere Dam is below 
110 GL. 

2.4 Limitations of the modelling results 
Only changes relative to current conditions have been explored. The results may be significantly different for 
other scenarios where development conditions have changed significantly. For example, the drawdowns of 
Windamere and Burrendong dams could change which would significantly impact on the opportunity to release 
environmental water impacting on both baseline releases and hence average annual translucent volumes and 
associated licence conversion factors. 

The difference between scenarios needs to be taken in light of model uncertainties. Where differences are 
within model uncertainties, then conclusions are limited to saying that differences are not significant. Drawing 
specific conclusions on differences between scenarios is based on higher level logic of behaviour rather than 
published model numbers that are within model uncertainties. 

As it is unclear how environmental flow releases will be made a range of scenarios representing different 
extremes of use were tested, and a set of assumptions for EWA releases were made. On this basis the 
modelling is useful for sizing the Cudgegong EWA but cannot provide insights into improvements in meeting 
LTWP targets from the potential changes in operations. 

3 Results 
3.1 Replication of existing Cudgegong translucent releases 

The primary driver of this analysis is the existing Cudgegong environmental flow releases. To verify the model 
adequacy in representing this behaviour a comparison is made against observed records and is shown in 
Table 1. However, comparisons between modelled and observed behaviour are difficult as the model 
represents a fixed level of development and specific operating rules. Over the observed period, there was a 
suspension of translucency in 2010–11 and 2012–13. Considerable change in the mix of summer and winter 
crops impacts on the drawdown of Windemere Dam which in turns influences environmental releases. Based 
on advice from WaterNSW, an attempt has been made to adjust observed records for suspension (column 2), 
and development impacts on storage drawdown (column 3). Consequently, a comparison should be made 
between column 3 and modelled results, column 4. 

Note some of the annual totals of translucent releases in the baseline model exceed the 10,000 ML current 
EWA limit. The exceedance is an artefact of how the model accounts for translucent releases. For example, if 
the balance was 10 ML below the annual limit (9,990 ML) and the inflow was 1000 ML/day, then this 
1000 ML/day would be released and accounted, making the total translucent flow for that year 10,990 ML. 

The adjusted observed record matches the modelled record reasonably closely each year. The adjusted 
recorded average of the 2004–16 period is 2491 ML, and the model is reasonably close at 2482 ML. The 
difference is well within the model uncertainty, and consequently, the model is matching the adjusted observed 
behaviour. 

It is worth noting that the comparison period is particularly dry which is not ideal for comparison purposes as it 
is much easier to match periods when releases do not happen. Note the modelled average annual value over 
the period 1890 to 2016 is 6720 ML which is considerably more than this shorter period. Over the 126 year 
modelling period there are 32 years with no release and 70 years with full release, suggesting that the 
behaviour is all or nothing 80% of the time. From a modelling perspective this suggests the results are not 
sensitive to the model implementation. 
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Table 1 Comparison of annual Cudgegong environmental flow releases (ML) 2004–2016 

Year Recorded 
(Actual) 

Recorded 
(Assumed) 

Recorded 
(Adjusted for 
110 GL limit) 

Current Conditions 
(MacqCC59) 

2004–05 0 0 0 0 
2005–06 2475 2475 0 0 
2006–07 0 0 0 0 
2007–08 0 0 0 0 
2008–09 0 0 0 0 
2009–10 0 0 0 0 
2010–11 0 10,000 0 0 
2011–12 0 10,000 10,000 10,434 
2012–13 9904 9904 9904 10,231 
2013–14 1826 1826 1826 759 
2014–15 659 659 659 0 
2015–16 3819 3819 0 0 
2016–17 10,000 10,000 10,000 10,845 
Average 2206 3745 2491 2482 

The reason for the difference between column two, ’Recorded (Assumed),’ and the next two columns is due to 
a difference in storage in Windamere Dam. From 2005–06 to 2010–11, the storage volume was modelled to 
be less than the 110 GL limit, while in practice the storage was higher. More specifically in both 2005–06 and 
2010–11, the modelled storage in both instances was less than 110 GL, while the actual storage exceeded 
110 GL which could allow translucent releases to be made. Model assumptions are intentionally designed to 
ensure that the draw down on Windamere Dam is at least as large as historical practice, hence providing 
confidence in the security of local water needs. A consequence of this is that translucency rules will trigger 
less frequently in the model than in actual practice, which may influence the long-term volume of translucency 
releases and hence the allowance volume. Sensitivity analysis indicates that this is unlikely to be significant 
because the vast majority of years exceed the 110 GL volume limit and also reach the 10,000 ML annual cap 
(see Figure 1). However this is being tested further while the model is being refined to incorporate floodplain 
harvesting, and is expected to be confirmed by April 2019. 

3.2 Comparison of scenarios 
Under current WSP rules, a 10 GL annual translucency cap under current conditions yields an average annual 
translucent flow of 6722 ML (1890–2016). 

Table 1 shows the equivalent entitlement for scenarios 2, 3 and 4 are respectively 11,520, 12,330 and 19,450 
general security shares. The baseline has 70 years where usage reaches the cap (Figure 1) while other 
scenarios range from 38 to 46 years (Table 2). Scenarios 2–4 have maximum volumes that significantly 
exceed 10 GL. This exceedance occurs in years when Burrendong Dam enters the flood mitigation zone, 
whereby balances are reset due to carry over reducing to zero. Scenario 3 has the largest maximum as it 
capitalises on releasing all balance before entering flood mitigation. Scenarios 2–4 have slightly more zero 
release years as they are constrained by both Windamere dam being above 110 GL and also receiving a 
general security allocation. 
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Figure 1. Baseline annual translucent releases 

 
Figure 2. Comparison of annual translucent releases 
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Table 2. Environmental delivery results (1890–2016) 

Release 
Current 
conditions Immediate 

June and 
pre-flood 
mitigation June 

Windamere 
Volume 
( GL) 110 110 110 110 

Location 
Rocky 
Water Hole 

Rocky 
Water Hole 

Rocky 
Water Hole 

Rocky 
Water Hole 

Maximum            11,120             30,900            26,400             17,470  
>= 10 GL 
years               70                38                39                46  
Average             6,720             6,720              6,720              6,700  
Zero years               32                35                40                44  
Licence            10,000             11,520             12,330             19,450  

Comparison of the reliability of high security, general security and supplementary diversions in the Macquarie 
valley shows that there is no significant impact on existing licence reliabilities irrespective of where and how 
environmental water is utilised. There are some minor differences in supplementary access. The late release 
scenario causes Burrendong Dam to spill slightly more, and this translates into slightly more supplementary 
access while immediate release cause slightly less spilling and corresponding GL/year less access. However, 
these differences are insignificant when considered in light of other model uncertainties. 

The results are similar if the Cudgegong and Macquarie users are considered separately. The results show 
that the transfers have not created any unwarranted shortfalls in Windamere Dam deliveries. As general 
security reliability is maintained, there is no significant impact on planned and held environmental water 
deliveries. There is no noticeable impact on flows at Marebone. 

As the water sharing plan has a maximum of 1500 ML/day at the Rocky Water Hole gauge, the sensitivity of 
this assumption was explored. The difference is within model uncertainty but sees a small reduction in the 
6720 ML. The difference is because the larger flow means that the target is reached in fewer days by counting 
the additional 300 ML, which is largely a modelling artefact. 

4 Discussion 
Only a limited number of scenarios were explored. However, these scenarios represent potential usage 
extremes with water released as soon as it is available and also at the last possible opportunity as well as just 
before spilling. The results show that the release strategy has little impact on the overall reliability of the 
system. Comparison between scenarios 2, 3 and 4 reveals that there is a significant difference between 
releasing water as soon as available or waiting until the end of the year and before reaching flood mitigation 
zone. This demonstrates the significance of utilising water before losing carry over through resetting rules. 
Based on discussions with OEH they suggested that they would be mindful of this and would try and utilise 
water before spilling. On this basis, the allowance, operating like a general security licence, should be between 
11,520 and 12,330 ML, depending on use.  
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5 Conclusion 
The baseline model implementation of translucency releases was compared against adjusted observed data 
and demonstrated that the model adequately replicates existing release patterns. A discretionary allowance 
was sized to ensure that both the long-term volumes available to the environment remain unchanged and the 
release patterns do not impact on third parties.  

Based on discussions with OEH it is unlikely that water would be used either immediately or at the end of the 
water year. On this basis releasing as late as possible and prior to Burrendong Dam entering the flood 
mitigation zone best reflects future usage and provides the greatest flexibility, resulting in an equivalent 
entitlement volume of 12,330 ML. 

The rules for the proposed Cudgegong EWA are consistent with the current constraints on the Cudgegong 
translucency rules, apart from the constraint on release when Burrendong Dam is in the flood mitigation zone. 
This has been agreed by NSW agencies in recognition of the re-regulation benefits to all water users in both 
regulated rivers. 

As it is unclear how environmental flow releases will be made, a range of scenarios representing different 
extremes of use were tested, and assumptions for how EWA releases were made have been described. On 
this basis, the modelling is useful for sizing the Cudgegong EWA but does not provide insights into 
improvements in meeting LTWP targets from the potential changes in operations. 
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