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Glossary 
Term  Definition 

BDL baseline diversion limit under the Basin Plan 

Cap The Murray–Darling Basin Ministerial Council Cap on 
Diversions 

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  

MDB Murray–Darling Basin 

MDBA Murray–Darling Basin Authority 

MDBSY Project Murray–Darling Basin Sustainable Yields Project 

PBP pre-Basin Plan 

SDL sustainable diversion limit 

Water Act Commonwealth Water Act 2007 

WM Act NSW Water Management Act 2000 

WRP water resource plan 

WSP water sharing plan 
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1 Introduction 
The Murray–Darling Basin Plan 2012 (the Basin Plan), established under the Commonwealth 
Water Act 2007, defines the maximum limit of consumptive diversions at valley as well as basin 
scale. WRPs are being developed for each valley to meet Basin Plan requirements. A significant 
element of the WRP is that the allowable long-term average annual diversions have been set as 
the SDL. This SDL depends on an estimate of the BDL, which is the long-term average annual 
diversion calculated over the period 1895–2009 that was allowable under state water planning 
law prior to when the Basin Plan was formulated. The SDL is the BDL minus a fixed recovery 
target.  

These long-term average annual diversions are estimated using IQQM software models of the 
river system. These models estimate a range of water balance components such as streamflow 
and diversions based on climatically derived water availability, levels of water resource 
development, and water sharing policies. 

An estimate of BDL by MDBA published in Schedule 3 of the 2012 Basin Plan has since been 
revised by NSW, with the changes principally based on improved flow calibration and revisions 
of components of the WSP, which are based on actual rather than assumed operation. These 
improvements are reported in a related technical note. 

This revised BDL estimate has resulted in a commensurate revised SDL that the Macquarie 
WRP needs to comply with. The Macquarie WRP will be developed in the near future with the 
water sharing arrangements and rules informed by the results of a range of modelled scenarios. 
For these modelled scenarios to accurately estimate long-term average annual diversions, the 
model needs to better reflect what is driving water use, based on conditions that exist in the 
valley now, rather than what existed in the valley over a decade ago as is modelled for the BDL. 

 The pre-Basin Plan scenario 1.1
The PBP scenario is the model configured with the development conditions and management 
arrangements that currently exist. This includes development conditions such as; public 
infrastructure, areas developed for irrigation, and the capacity of water users to extract and store 
water on farm, as well as management arrangements such as 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 water resource plan scenario development. There are 
many similarities with the BDL scenario, the inputs for example, as well as the flow calibration. 
However, the PBP scenario differs from the BDL scenario in its development conditions and 
management arrangements. The development conditions have evolved since the early 2000s, 
with different areas and on-farm storages in particular. The usage of environmental water has 
possibly changed, as well as the crop area planting decisions and crop types that are grown. 

The results from the PBP scenario will be used as a basis to establish what current long-term 
average diversions are compared to SDL, and to compare scenarios trialled as part of the WRP 
development process. These scenarios will typically focus on changing some of the water 
management arrangements to identify where productive and ecological outcomes can be 
improved, and to identify any trade-offs. 

The PBP scenario can also make use of the information in a slightly longer climate data set. 
While the SDL must be calculated over the 1895–2009 climate period, other climate data, 
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including the 7-year period since 2009 can also be used to identify improved outcomes and 
associated trade-offs. 

This report describes the development of the PBP scenario. 

 Purpose of report 1.2
This report is intended primarily for Stakeholders Advisory Panel (SAP) as a record of the 
development conditions and management arrangements that will be a starting point for the 
preparation of WRP. The purpose of the report is to describe how the PBP Scenario was 
developed, and fully document what is included in this scenario. 

The technical content of this report is kept to only that necessary to meet the intent. The general 
development and calibration of the model is described in the Macquarie Valley Cap and 
Recalibrations Reports (O’Neill et al, 2006 and Patel et al; 2015).  
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2 Model development 
 WSP 2.1

The Macquarie IQQM was initially developed in the mid-1990s using an early version of the 
IQQM software. The capability of the Macquarie IQQM to estimate annual and long-term 
diversions was established by the independent review processes under Cap governance 
arrangements. Cap model audits by MDBC were required to assess the following aspects: 

• accuracy of the model to predict annual total diversions and end of system flows 
• method to establish levels of development, and their incorporation into the models 
• method to adjust water use for climatic variation 
• capability of the model to simulate long-term diversions 
• robustness of the model to simulate outside the calibration period.  

The model was accredited by MDBA for Cap Auditing in 2010. The calibration and set up of the 
model is described in the Cap Report (O’Neill et al., 2006).  

MDBA made use of this model calibration for their BDL estimate published in the Basin Plan. 

 Revisions to model 2.2
2.2.1 Re-calibration 
The Macquarie IQQM used for WSP and MDBA BDL was calibrated against pre-2000 data. 
Additional data collected since the initial calibration justified a recalibration the model. This 
recalibration focused on calibrating mainstream flows, General Security diversions, 
Supplementary Access diversions, crop areas, and storage volumes. The model was re-
calibrated and validated for the 2005–14 and 1995–2005 data respectively. As part of this 
calibration, on-farm rainfall-runoff harvesting was added and long-term Burrendong inflows were 
revised downwards by 9% compared to the original WSP scenario (Patel et al., 2015). 

2.2.2 Improved representation of WSP 
Several changes were made to improve how the model represented the WSP Plan Limit as well 
as how the model represented the current levels of development and management. This 
includes how WaterNSW operates to meet replenishment flow targets in effluent channels in 
downstream reaches, the volumes diverted for town water supply, the operation of the EWA, 
improvements in software, and the transfer of consumptive entitlements to environmental 
entitlements. 

 Replenishment flows 2.2.2.1
The WSP requires allowances from Burrendong Dam are set aside to replenish flows in the 
Lower Macquarie River, Marra Creek, and Bogan River. WaterNSW has been able to operate 
releases from Burrendong Dam to meet the replenishment requirements with much lower 
volumes than the WSP has allowed for. Revised modelled estimates were made based on data 
from WaterNSW. 

 Town water supply diversions 2.2.2.2
Similarly for the WSP model, diversions for town water supply were modelled as consuming their 
full entitlement each year in the absence of actual diversion records. Where diversion records 
have become available and these indicate that diversions were significantly less then 
entitlement, the model was revised to reflect actual diversions. 
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 Environment Water Allowance 2.2.2.3
The operation of the EWA of 160,000 shares was varied to reflect decisions made by the 
Macquarie EFRG on operating the Active and Translucent sub-allowances. The EFRG sought 
and received approval for changes to the apportionment between Active and Translucent 
components from 40%/60% to 60%/40% in the mid-2000s. The releases from the Active 
component and any other held environmental water are typically made as recommended by 
the EFRG. 

Releases from the Translucent sub-allowance were modelled consistent with WSP triggers. 
Releases from the Active Component were modelled to match recorded 2009–14 behaviour. 
The Active component releases were modelled as a function of the available resource (current 
year’s balance plus carry-over from previous year) at a rate between 300–3,000 ML/d over the 
period 1 September to 30 November. 

 Software and model upgrades 2.2.2.4
Upgrades in software and model configuration were also included. A detailed representation of 
the Macquarie Marshes has been developed recently and integrated into the model; as was an 
ability to harvest rainfall-runoff on farms. 

A WSP provision that allows for carry-over to be forfeited during periods when Burrendong Dam 
spills was not able to be represented in the model previously. The software was been upgraded 
to enable this inclusion for the prior estimate of BDL. Further review and testing of the 
performance of this identified the need for additional software upgrades. These additional 
upgrades are responsible for the changes in the BDL estimates. 

2.2.3 Difference of PBP from BDL 
The PBP scenario is intended to determine diversions based on conditions that currently exist. 
The major differences between BDL and PBP scenarios is the level of development that includes 
the maximum developed area, crop mix and crop planting decision, and the management 
arrangements including distribution of entitlements, storage operation, and usage pattern of 
environmental releases. These are summarised in Table 1. 

Most of the information used to derive the PBP scenario was used to inform the model 
recalibration. The latest information on the distribution of entitlements was accessed from the 
NSW Department of Primary Industries’ WAS database, and this information transferred into the 
model component used to estimate irrigation diversions.  

The changes to cropping were based primarily on analysis of data collected by Cotton Australia 
of total irrigated cotton areas over the period 2004–14. The maximum area from this dataset was 
extracted and distributed within the valley based on the distribution of entitlements. An area 
planting decision was derived on a valley scale relating the area planted to the amount of 
available water. Crop types are dominated by cotton, however, the crop mix, particularly 
regarding winter crops, were revised based on information supplied by WaterNSW. 

The EWA active component is modelled to replicate 2005–14 actual operation for the BDL 
scenario that changed to match the most recent 2009–14 operation for PBP. Over the recent 
past years NSW HEW water was used on EFRG recommendations which are similar to the 
EWA Active component. Therefore NSW HEW was modelled to reflect that usage pattern. The 
demands of the Commonwealth HEW license are simulated with a usage pattern similar to a 
typical cotton irrigator. 

Table 1 summarises the areas of difference between BDL and PBP scenarios inputs, outputs 
and parameters. Table 2 describes the PBP results whereas Table 3 details all PBP model 
inputs and parameters. 
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Table 1. Difference between original updated BDL and PBP models 

No. Item Updated BDL Model PBP Model 

Operating rules and development conditions 

1 Licensing Arrangement 1999/00 2013/14 

2 Crop Mix 1993/94 2012/13 

3 Maximum Area 1993/94 2012/13 

4 Crop Planting Decision Pre 2000 2004/5-2013/14 

Environmental watering allowance operation 

5 Active Component Active component increased 
to 96 GL/y and modelled to 
match recorded 2005-2014 
behavior. 

Active component increased to 96 GL/y 
and modelled to match recorded 2009-
2014 behavior. 

Environmental licence 

6 HEW (Commonwealth): 
126 GL GS Entitlements 

Not applicable. Modelled as an irrigator. 

7 HEW (NSW): 48 GL GS 
Entitlements 

Modelled as part of irrigation 
demand. 

Modelled similar to Active EWA, but 
average annual usage reduced to match 
Commonwealth HEW and GS 
consumptive users. 
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3 Results 
Table 2 shows the average annual usage for different components of the models discussed.  

Table 2. Comparison of results from revised BDL and PBP scenarios for 1895–2009 period 

Category Scenarios 

Revised BDL 
(BD31) 

PBP 
(CC58) 

Entitlements   

General Security 310.7 208.7 

Supplementary Access 11.6 9.8 

High Security 8.2 8.2 

Town Water Supply 14.0 14.0 

Stock and Domestic 1.8 1.8 

HEW NSW n/a 25.6 

HEW Commonwealth (GS) n/a 56.0 

HEW Commonwealth (Supplementary) n/a 2.6 

TOTAL 346.4 326.8 

Instream   

EWA Active 45.6 55.3 

EWA Translucent 48.2 48.3 

Total EWA 93.8 103.6 

Marebone Flows 413.0 421.5 
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4 PBP Model parameters 
Table 3 contains all relevant configuration information for the PBP Scenario.  

Table 3. PBP Infrastructure & Development Parameters 

Items Description 

General 

System File Name MacqCC58.SQQ 

IQQM Version developed in 7.92.0 RC2 Rev 3375 

Available Simulation Period 01/01/1890-25/08/2017 

Water Year July to June 

Valley Development Levels 

Maximum Crop area 
Crop Mix 
Licence Volume 
Crop Planting Decision 

2012/13 
2012/13 
2014/15 
2012/13 

Catchment Information 

Headwater storages modelled 

Windamere 
 Inactive storage (GL) 
 Full supply volume (GL) 
Burrendong 
 Inactive storage (GL) 
 Full supply volume (GL) 

 
1 

368  
 

34 
1,190 

Inflows (GL/y) 

Windamere 
Burrendong  
d/s Burrendong  

55 
911 
157 

Entitlements 

General Security (shares) 

d/s Windamere Dam 
d/s Burrendong Dam 
 Consumptive 
 HEW NSW 
 HEW Commonwealth 
d/s Burrendong Dam Total 
TOTAL VALLEY 

19,900 
 

438,100 
48,000 

126,000 
612,100 
632,000 

High Security (shares) 

d/s Windamere Dam 
d/s Burrendong Dam 
TOTAL 

5,400 
12,500 
17,900 

Town Water Supply (shares) 18,805 

Stock and domestic (shares) 6,000 

Supplementary Access Cap (GL/y) 50 
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Irrigation development 

Maximum irrigable area (ha) 55,500 

On-farm storage capacity (GL) 172 

Installed pump capacity (ML/d) 7,100  

Accounting system 

Type 
Debiting type 
Carry-over % 
Maximum use % of entitlement1 
Carry-over reset 

Annual 
Water use 
100 
135 
At Burrendong Dam spill 

On-farm storage operation 

Rainfall runoff harvesting Yes 

Airspace allowed Yes 

Resource Assessment 

Maximum allocation  100% 

Storage Operation 

Carry-over forfeiting during  
Burrendong spills 

Carry-over forfeited by spill volume. Spilled water diverted to the 
On Farm Storages of GS users. 

Windamere to Burrendong 
transfers 

Water can be transferred from Windamere to Burrendong when 
volume stored in Burrendong insufficient to meet projected 
downstream demands and when volume stored in Windamere 
Dam above 70 GL. Releases made to pattern. 

Instream requirements 

Average annual replenishment flow usages and maximum caps in brackets(ML/y) 

Marra Creek  
Lower Bogan  
Lower Macquarie 

1,800 (15,000) 
1,250 (15,000) 
5,900 (6,000) 

 

Minimum flow requirements at various locations (ML/d) 

Cudgegong R @ Wilbertree Rd 
Cudgeong R @ Yamble Bridge 
Macquarie R @ Bathurst 
Macquarie R @ Oxley 
Bulgeraga Ck @ Marebone 

30 
30 
70 
30 
20 

Environmental Water 

Planned Environmental Water 

Windamere Translucency As per WSP rules 

Environmental Water Allowance 
(ML) 
 Active component 
 Translucent Component 

 
96,000  
64,000  

 

                                                
1 There is no actual limit specified in the Macquarie WSP. This has been used in the Macquarie BDL scenario model to account for 
valley wide limits to how much water is possible to use each water year.  
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