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Glossary 

Term  Definition 

BDL baseline Diversion Limit  

EoS End of the system 

GS General security 

IQQM Integrated Quantity and Quality Model 

LTAAEL long-term average annual extraction limit  

MDB Murray–Darling Basin 

MDBA Murray–Darling Basin Authority 

PBP Pre-Basin Plan  

S&D Stock and domestic 

SDL sustainable diversion limit 

WM Act Water Management Act 2000 

WRP water resource plan 

WSP water sharing plan 
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1 Introduction 

 

Figure 1-1. Belubua Regulated River System (CSIRO image) 

1.1 Purpose of this report 
This report is intended primarily for the Lachlan Stakeholder Advisory Panel (SAP) as a record 
of the model representing development conditions and management arrangements that forms 
the foundation of the Water Resource Plan (WRP). The report describes the configuration of 
the Pre Basin Plan (PBP) Scenario concerning the operation rules being applied in the 
Belubula water sharing plan area and understanding of current valley management 
approaches. This scenario is the baseline to which proposed changes to the water sharing 
rules are compared, to model potential impacts on water users. 

This report highlights the differences between the PBP scenario and a strict interpretation of 
the published Belubula water sharing plan rules (WSP scenario) and justifies the use of the 
PBP as the basis for comparison of the proposed rule set during the WRP process. 

The technical content of this report is kept to only that necessary to meet the intent. The 
Belubula Source Model Calibration Report (NSW Department of Industry, 2018a) describes 
the development and calibration of the Belubula model.  

While the standard reporting period that has been used for comparing all scenario model runs 
in relation to the Baseline Diversion Limit (BDL) is 1895 to 2009, the PBP scenario can also 
make use of the information covering the period post-2009 to current. In the Belubula, this is 
important as the current Water Sharing Plan came into effect in 2012. This report describes 
the development of the PBP scenario, reporting to 2017. 
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2 Model development 
The Belubula Source model was developed in 2017–2018 to support the development of the 
WRP. The Belubula Source Model Calibration Report (NSW Department of Industry, 2018a) 
describes the technical details of the Source Belubula model development. The WRP process 
uses the Source model for the modelling of all scenarios.  

2.1 Baseline scenarios 
The Belubula WSP commenced in September 2012. However, since 2013 the Belubula 
regulated system has been operated significantly differently to the WSP due to the inability to 
meet the minimum end of the system (EoS) flow requirement during dry periods. Figure 2-1 
demonstrates these differences where releases were made from Carcoar Dam in autumn 
2013 to meet a 10 ML/day end of system flow target. Equivalent releases were not made in 
2014 or 2015 because the storage had been drawn down to low levels following an extended 
dry period. If releases had been made, Carcoar dam would have emptied in early 2015.  

 

Figure 2-1. Actual storage volume and releases from Carcoar Dam from August 2012 to June 
2016 

Therefore, the selection of an appropriate baseline for comparison with the proposed changes 
to the WSP rules is not immediately obvious. As summarised in the Lachlan WRP Package 
Report (NSW Department of Industry, 2018c) the PBP has been determined to be the most 
appropriate baseline model.  

This report details the differences in model outputs between the strict interpretation of the 
WSP rules and the PBP model.  

2.1.1 WSP scenario 

The WSP scenario determines diversions based on the strict implementation of the rules 
outlined in the WSP.  
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 The EoS minimum flow requirement of 10 ML/d in this scenario is present all the time.  
The resource assessment assumptions were based on a four-year forecast period using the 

using the minimum historical storage inflows, minimum historical tributary inflows and highest 

highest losses for the corresponding period. These numbers (  
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 Table 2-2) were based on the analysis of Belubula Resources Assessment in 
September 2016 (DPI, 2016), which cover the period of 2001 to 2015. All entitlements 
were assumed to be active in this scenario. 

 Irrigation users in each reach were given access to stock and domestic (S&D) water, 
high security (HS) and general security (GS) entitlements based on the location of the 
extraction point linked to these licences. As GS users are allowed to carry over, the 
model assumed the users would use any HS water, S&D water and then GS water. 
This is the same as for the PBP scenario.  

The original water sharing rules were developed in the Integrated Quantity and Quality Model 
(IQQM) using model assumptions that significantly underestimated transmission losses from 
the Belubula river downstream of Canowindra. The model presented an over-optimistic picture 
of the capacity of the regulated river system to sustain a continuous end of system flow. 

Updated results in the newly developed Source model demonstrate that these rules if 
implemented strictly would result in perverse outcomes for the river system as a whole. Firstly, 
the EoS flow requirement would cause the dam to empty during dry periods of three or more 
years. These sequences are known to occur periodically over the measured record and would 
cause severe impacts on all water users and the environment.  

Secondly, the resource assessment assumptions would result in substantial reductions to 
water availability for GS licence holders – effectively cutting their allocations in half. These 
reductions would have large implications for productive water use in the valley and the wider 
socio-economic impacts on the community.  

Current water sharing plan rules, particularly the end of system flow target, are fundamentally 
flawed and cannot represent a suitable baseline for comparison.  

2.1.2 PBP scenario 

The PBP scenario represents current conditions with known management practices (Lachlan 
WRP Package Report, NSW Department of Industry, 2018c).  

 The scenario is configured without the EoS minimum flow target.  
Reflects the resource assumptions of 2016 that resulted in 100% effective allocation to GS 

GS water users. This resource assessment is considered the most appropriate for planning 

planning purposes, and achieves a balance between the effective allocation of water while 

while recognising the extreme climatic variation inherent in this system. The resource 

assessment assumptions in this model are based on a three-year assessment period using 

using minimum storage inflow, but average losses. All entitlements were assumed to be 

be active, and the maximum planted area was assumed to be the same for calibration (as 

(as detailed in   
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 Table 3-1). 

 As for the WSP scenario, irrigation users in each reach were given access to S&D 
water, HS and GS entitlements based on the location of the extraction point linked to 
these licences. As GS users are allowed to carry over, it was assumed the users would 
use any HS water, S&D water and then GS water.  

The PBP scenario represents current development conditions such as public infrastructure, 
areas developed for irrigation, and the capacity of water users to extract and store water on 
farm. Management arrangements include the distribution and usage patterns of entitlement 
holders, the crop area planting decisions of irrigation enterprises, and operation of storages to 
supply consumptive and environmental water.  

The PBP scenario gives the best estimate of long-term average water use under current 
conditions and forms the baseline for WRP scenario development. The calibrated flow model 
forms the basis of both the PBP and baseline diversion limit (BDL) scenarios. The PBP 
scenario differs from the BDL scenario in its development conditions, management 
arrangements and resource allocation assumptions. The development conditions have 
evolved, and the water management rules and resource allocation assumptions have changed 
since 2009/10. Details on the BDL scenario are available in the Belubula Regulated River 
System Baseline Diversion Limit Scenario Model Report (DoI Water, 2018b).  

The PBP scenario forms a baseline to compare proposed water management scenarios 
trialled as part of the WRP development process, and identify where productive and ecological 
outcomes can be improved and to identify any trade-offs. The PBP with final proposed rule 
package will ultimately calculate long-term average diversions to demonstrate that the WRP 
complies with the SDL.  

2.2 Resource Assessment and management rules 
The principles of resource assessment system in the two baseline scenarios are described in 
the calibration report (NSW Department of Industry, 2018a). Table 2-2 shows the differences 
in resource assessment assumptions in PBP and WSP scenarios. In the WSP scenario, the 
assumptions are based on the worst 4-year conditions for the period of 2001-2015, whereas in 
the PBP scenario, the assumptions are based on 3-year average conditions. 

The calibrated flow model forms the basis of both the WSP and PBP. Table 2-1 and Table 2-2 
summarise management rules and resource assessment assumptions. The two scenarios 
represent the same sets of parameters to represent the infrastructure and development 
conditions of 2015/16 (Table 3-1). The assumptions for the two baseline scenarios have been 
discussed with the river operator from WaterNSW and confirmed as an accurate 
representation of the past and current river operations. 

The differences in Table 2-2 are a result of the four-year assessment period in the WSP and 
the three-year assessment period in the PBP model. The assessments also differ in the losses 
and usable tributary inflows assumed, with the four-year assessment using minimum inflows 
and corresponding losses, while the PBP assessment uses minimum storage inflows and 
average tributary inflows and losses. 

Appendix A provides the details of the model runs and WSP and PBP Infrastructure & 
Development Parameters. 
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Table 2-1. Representation of Key Management rules in the baseline scenarios 

Rules WSP PBP Reason of difference 

EoS Minimum 
Flow 

10 ML/d No end of system 
requirement 

Rule suspended after being found to 
be operationally infeasible 

Minimum Flow 

requirement 

downstream of 
Carcoar 

2 ML/d 

 

 

Access to 

Supplementary 
Water (Mine) 

When flow at Helensholme ≥ 20 ML/d, the 
mine has access to Supplementary Water 

 

 

Access to 

uncontrolled 

flows for GS 
licence holders 

Access available when: 

Effective Available Water for GS licences ≤ 
50% and, 

Flow at Helensholme ≥ 20 ML/d 

Or, 

Effective Available water for GS licences ≤ 
20% and, 

flow at Helensholme ≥ 13 ML/d 

(access limit: up to 50% of share) 

 

 

Access to 

uncontrolled 

flow for HS 
licence holders 

Not modelled 

 

While this is in the Water Sharing 

plan, low allocations to HS accounts 

are not expected to occur so has not 
been included in either model.  

Carryover and 

Account Limit: 
GS 

100% of account limit can be carried over 

Account Limit: 130% 
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Table 2-2: Representation of resource assessment assumptions in the two baseline scenarios 

Item WSP PBP Reason of difference 

Dead Storage 300 ML  

Carryover Calculated by model  

Minimum Storage 
inflows 

8 GL 6.1 GL  4-year assessment in WSP and 3-year 
assessment in PBP. 

Minimum usable 
tributary inflows 

4.1 GL 6.5 GL 4-year assessment in WSP and 3-year 
assessment in PBP. 

Reserve for HS 
entitlements 

4.4 GL 3.3 GL 4-year assessment in WSP and 3-year 
assessment in PBP. 

Reserve for Stock & 

Domestic (S&D) 
entitlements 

0.776 GL 0.582 GL 4-year assessment in WSP and 3-year 
assessment in PBP. 

Reserve for Minimum 

flow downstream of 
Carcoar 

 0.52 GL 0.39 GL 4-year assessment in WSP and 3-year 
assessment in PBP. 

Reserve for EoS 
Minimum Flow target 

14.6 GL 10.95 GL 4-year assessment in WSP and 3-year 
assessment in PBP. 

Reserve for 
Evaporation loss 

4.5 GL  4.4 GL WSP uses minimum inflows and 

corresponding losses. PBP uses 
average losses. 

Reserve for 

Transmission and 
operational loss 

7.7 GL 6 GL Four-year assessment using minimum 

inflows and corresponding losses in 

WSP and three-year assessment 

using minimum storage inflows and 

average tributary inflows and losses in 
PBP. 
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3 Results 
The results are presented under three categories: (1) allocation of account water, (2) diversion 
and access to uncontrolled flows and (3) storage volume. 

3.1 Allocations  
Table 3-1 shows the allocations to HS, S&D and GS water users. This table shows that under 
the WSP the storage is drawn down faster, and in many years the model simulates S&D and 
HS allocations less than 100% at the start of the water year.   

Further analysis of allocations on 1 July shows that 29 of the 114 years commence with less 
than 100% allocation to S&D water users under the current water sharing plan rules. In the 
PBP scenario, there are only eight years when there is less than 100% allocation on 1 July. 
For HS allocations, under the current WSP, there are 31 years with commencing allocations 
less than 100% on 1 July compared to 13 years under the PBP.   

In practice, allocations to these high priority categories are unlikely to be reduced – other 
operational contingency measures (such as bulking orders and delivering water periodically) 
would occur instead. Nevertheless, this analysis demonstrates that the 10 ML/d minimum flow 
rule at the end of system specified by the original WSP causes excessive demands on the 
storage that reduce the security of supply for water users. 

Table 3-2 shows the modelled effective allocation to GS entitlement. Effective allocation is the 
sum of any carryover water plus any additional allocations made during the year. Table 3-2 
shows that under the current WSP the maximum effective allocation of GS entitlement holders 
would be 70%, with the mean on 30 September of 46%. Contrasting this to the PBP, maximum 
effective allocations reach as high at 114% after a series of wet years and mean allocations on 
30 September are 78%.   

These allocation levels also impact the percentage of time GS entitlement holders have 
access to uncontrolled flows. Table 3-3 shows the under the current WSP; GS entitlement 
holders would have access to uncontrolled flows 36% of the time compared to 7% of the time 
under the PBP. These results indicate that, although under strict WSP rules the end of the 
system would receive larger volumes of low flows, the small tributary events would be more 
available for uncontrolled flow extraction.  
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Table 3-1: Minimum, Maximum and Mean allocations made to different entitlement types (1895/96 
– 2016/17) 

Category 

 

Scenarios 

WSP PBP 

 Percentage Allocation (%) 

Allocations Min Max Mean Min Max Mean 

HS 1st July 0 100 74 0 100 91 

HS 30th June 0 100 90 20 100 98 

S&D 1st July 0 100 76 0 100 93 

S&D 30th June 0 100 94 100 100 100 

GS 1st July 0 0 0 0 0 0 

GS 30th September 0 36 2 0 65 4 

GS 30th June 0 45 5 0 81 8 

Supplementary 100 100 100 100 100 100 

Table 3-2: Effective allocation for General Security entitlements (1895/96 to 2016/17) 

Category 

 

Scenarios 

WSP PBP 

 Effective Allocation (AWD + carryover) 

Allocations Min Max Mean Min Max Mean 

GS 1st July 27 70 44 35 114 74 

GS 30th September 28 70 46 38 114 78 

GS 30th June 28 70 46 38 114 78 
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Table 3-3: Percentage of years with uncontrolled flow access (1895/96 to 2016/17) 

Category 

 

Scenarios 

WSP PBP 

Entitlements % time with access to uncontrolled flows 

GS 37 7 

Supplementary 85 68 

For both the WSP and PBP scenarios, the model only allocates carryover water when there 
are sufficient resources available in storage after S&D and HS water have been met (including 
a one-year reserve to deliver this water). From the model, it is possible to determine when 
carryover water is available in accounts, but there is insufficient water in storage to meet carry 
over commitments. Table 3-4 shows the percentage of years when the water available (water 
in storage + expected minimum inflows) cannot meet the GS water in the accounts. Insufficient 
water occurs in 30% of years for the WSP scenario and 20% of years in the PBP scenario. 
Even though allocations are less under the WSP scenario and there is less water overall to 
deliver, the river system under those rules is still more unreliable than the PBP ruleset. 

Table 3-4: Percentage of years when available water cannot meet GS water in accounts (1895/96 
to 2016/17) 

Category 

 

Scenarios 

WSP PBP 

 
% of years when available water cannot meet GS water in 
accounts 

GS 30% 20% 

3.2 Average annual diversions 
Table 3-5 shows the average annual diversions under the WSP and the PBP scenarios. There 
are lower average diversions under the WSP compared to the PBP. Under the PBP scenario, 
use of uncontrolled flows is very low compared to the Water Sharing Plan because the 
conditions that trigger access to uncontrolled flows occur less often due to higher allocation 
levels in the PBP model.  
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Table 3-5: Average annual diversions (1895/96 to 2016/17) 

Category 

 

Scenarios 

WSP PBP 

Entitlements Average annual usage (ML/y) 

HS 777 1,030 

S&D 115 163 

Irrigation – GS (Controlled Flows) 819 1,300 

Irrigation – GS (Uncontrolled Flows) 418 55 

Mining – GS (Controlled Flows) 196 343 

Mining – GS (Uncontrolled Flows) 18 0 

Mining Supplementary 1,380 1,135 

TOTAL 3,722 4,027 

Uncontrolled Flow Total (GS) 435 0 

Since Cadia gold mine started extracting water from the Belubula in 2001/2002 to 2016/2017, 
its average annual extractions have been 4,021 ML/year (Table 3-6). Observed irrigation 
diversions in the reach between Lyndon and Helensholme for this period are 1,961 ML/year. 
This reach has been selected as the majority of irrigation diversions occur downstream of 
Lyndon.  

As shown in Table 3-6, both scenarios underestimate diversions compared to the observed, 
with the PBP model underestimating irrigation diversions in this reach by 5% compared to a 
33% underestimation in the WSP model. The PBP model has been designed to represent the 
current water use patterns by water users (both irrigation and mining). This results in a lower 
total diversion estimates compared to the average over the observed 16-year period. 

Comparing to observed diversions to the diversions in the Scenario models demonstrates that 
WSP rules would have a substantial impact on water use in the Belubula.  

  



Belubula regulated river system—pre-Basin Plan scenario model 

NSW Department of Industry | INT18/144696 | 12 

Table 3-6: Average annual diversions (2001/2002 to 2016/17) 

Category 

  

Observed WSP PBP 

Irrigation in Lyndon to Helensholme Reach 1,961 1,323 1,868 

Total diversions 4,021 2,815 3,390 

3.3 Storage volume 
The comparison of the simulated storage volume by the WSP and PBP models shows that the 
WSP places much higher pressure on the Carcoar storage volume (Daily storage volume of 
Carcoar Dam). The storage volume reaches below 5 GL for 30% of the time for the WSP 
compared to 15% for the PBP. Table 3-7 shows the number of days at or below dead storage. 

 

Figure 3-1. Daily storage volume of Carcoar Dam 

Table 3-7: Number of days when Carcoar is below dead storage (1895/96 to 2016/17) 

 Scenario 

WSP PBP 

Number of days below dead storage 1132 378 

3.4 Comparison with behaviour after the water sharing 
plan commenced in 2012 

When the results of the WSP and PBP models are compared to what occurred in the system 
between the 2012 and 2016 spill events, we can see that the WSP provides lower allocations 
to GS entitlements and more access to uncontrolled flows for GS entitlements.   

The flow duration curves (shown in Figure 3-2) comparing the simulated flows for the WSP 
and PBP with the observed data at Helensholme for the period of 2012 to 2017 show that the 
PBP has reasonable agreement with the observed flow, particularly for flows below 70 ML/d. 
WSP rules artificially increase low flows above the current operation and are substantially 
higher than pre-development conditions.  
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The observed effective allocations were 115% following the 2012 spill event and 100% 
following the 2016 spill event. The WSP model returns GS effective allocations of 60% and 
63%, while the PBP returns 98% effective allocations in both events. 

The reduction in effective allocations in the WSP model compared to observed leads to the 
lower the observed diversions shown in Figure 3-3.  

During the 2012–2017 period, the PBP has no access to uncontrolled flows for GS entitlement 
holders, while the WSP scenario has access during the 2013/14, 2015/16 water years (Figure 
3-3). The experience of irrigators was that there was no access to uncontrolled flows during 
this 2012–2016 period.   

 

Figure 3-2. Flow duration curves at Belubula river at Helensholme (2012 to 2017)   

 

 

Figure 3-3. Uncontrolled flow access for General Security entitlement holders (2012 to 2017) 
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4 Conclusion 
The PBP model scenario provides the most appropriate representation of the current 
conditions and the intent of the WSP, and as such is used as the baseline for comparison of 
the proposed rules in the WRP process.  

The current water sharing plan rules were based on a model which in retrospect was not fit for 
the purpose of developing these. A strict interpretation of the WSP rules has never been 
consistently implemented, as doing so would significantly reduce the security of water stored 
in Carcoar Dam and reduce GS allocations by about half. Therefore the WSP scenario is not 
considered to be a suitable baseline. 
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Appendix A. WSP and PBP 
Infrastructure and Development 
Parameters 

Item Description 

 WSP PBP 

General 

Project file Belubula_4217065_WRP_001.rsproj 

Input Set WaterSharingPlanScenario 
(As written) 

PBP 

Source Version 4.3.1.7065 

Available simulation period 1/7/1890 to 30/6/2017 

Water Year July to June 

Valley Development Levels 

Maximum Crop area 2012/2013 

Crop mix 2012/2013 to 2015/2016 

Licence Volume 2016/2017 

Crop Planting Decision  2012/2013 to 2015/2016 

Catchment Information 

Storages Modelled 

Carcoar 

Inactive Storage (GL) 0.2 

Full Supply Volume (GL) 35.8 

Lake Rowlands 

Full Supply Volume (GL) 4.5 
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Average Annual Inflows (1895 to 2009) 

Storage Inflows (GL) 14.8 

Gauged Tributaries (GL) 41.7 

Residuals Inflows (GL) 99.7 

Entitlements 

Irrigation – GS  18,374 

Irrigation – HS 1,095 

S&D (included with Irrigation) 222 

Mining – GS 4,080 

Mining – Supplementary 3,125 

Irrigation development 

On-farm Storage capacity (GL) None 

Pump Capacity (ML/day) 100.2 

Accounting System 

Type Annual 

Debiting Type Water use 

Maximum balance % 130 

Maximum use % of entitlement 100 

Resource Assessment 

Maximum Use 100 

Period of assessment 4 years 3 years 

Total commitments before GS 
allocations are made 

32.5 GL 25.6 GL 

Total usable inflows (Storage and 
Tributary) 

12.1 GL 12.6 GL 
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Item Description 

 WSP PBP 

Storage operation and ordering 

Tributary Utilisation 

Flyers Creek 

Coombing Creek 

Residual inflow from Carcoar to The 
Needles 

 

95% 

95% 

75% 

In-stream requirements 

Minimum flow requirements 

Storage release 2 ML/day 

End of System flow 10 ML/day 0 ML/day  

Environmental Water 

Planned Environmental Water None 

 


