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Glossary 

Abbreviation Description 

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 

PEW Planned 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 

PBPR Pre-Basin Plan Recovery 

SDL Sustainable Diversion Limit 

WMA Water Management Act 

WRP Water Resource Plan 

WSP Water Sharing Plan 
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1. Introduction 
Statutory water sharing arrangements in NSW are generally developed with consideration of the 
analysis of results from computer models of a 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. Different 
combinations of development and policies are tested in the models, and presented to stakeholders 
to gain an understanding of how policies may affect water users and the environment in a wide 
range of circumstances. A model scenario may also be selected as the basis for a statutory 
arrangement. 

This process was followed by NSW to develop statutory WSPs under the WMA 2000 legislation 
using models developed with the IQQM software. WSP provisions were developed through 
modelling in IQQM. These provide an agreed set of sharing rules to achieve productivity and 
environmental outcomes, based on modelled annual diversions averaged over a long period of 
historically varying climate. A similar process will be used to develop the WRPs under the 2012 
Basin Plan established under the Commonwealth Water Act 2007 (WA 2007). 

A significant element of the WRP is that the long term average annual diversions have been set, 
known as the SDL. This SDL estimate depends on the estimate of the Baseline Diversion Limit 
(BDL). An estimate of the BDL was made at the time the Basin Plan was formulated. This estimate 
has been revised by Department of Planning, Industry and Environment - Water based on 
improved modelling. 

This report describes the development of the BDL scenario for the Macquarie River. This 
description includes development information for the initial BDL scenario run in 2010 coupled with 
the current revisions for the improved BDL scenario run and a discussion of the output difference. 

A separate report will be prepared to describe a more contemporary scenario that will be the 
baseline for WRP scenarios, and will be used to represent the APT scenario. This is essentially the 
Current Conditions scenario having most recent entitlements, operational rules, crop areas, crop 
planting decisions, etc. 

1.1. Basin Plan requirements 
The Basin Plan has a range of requirements, including a key requirement that for a WRP to be 
accredited, annual diversions averaged over the 114 year historical reference climate period 
cannot be greater than the SDL. The SDL is defined as the BDL minus a fixed recovery value. The 
BDL scenario is a reference point that will be used to measure all changes made by the Basin Plan 
including WRPs, the achievement of SDLs and any impacts that may occur.   

The BDL is included in the Basin Plan as a definition in Column 2, paragraph (a)(i) of Schedule 3 
for NSW regulated rivers the  “…. the water that would have been taken… …under State water 
management law as of 30/06/2009…”.  A note to this component provides an estimate based on 
reported MDBA modelling as of 2010. The BDL is based on a particular model scenario, based on 
the WSP rules for that water resource. This scenario is the level of irrigation development at 
1999/00 and management arrangements at 1999/2000. The Basin Plan allows for this estimate to 
be revised whenever it can be demonstrated that a better estimate is available. 

1.2. BDL scenario 
NSW interprets the BDL definition as being the Long Term Average Annual Extraction Limit 
(LTAAEL) provided for in the WSP in place as at 30 June 2009. The LTAAEL is based on water 
use development levels at a specific point in time, e.g., 1999/2000, (crop areas, on-farm storage 
capacity, pump capacity, headwater storage, etc.), associated crop planting decision making, 
storage operation, and other management practices, and the rules set out in the WSP. The model 
scenario that has all these settings is the Plan Limit model, and is equivalent to the BDL. 
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A note was included in the WSP of the LTAAEL estimate at the time the WSP was formulated. This 
estimate has been revised as a consequence of continual improvement of the underlying model 
calibration, as well as improved representation of processes. The Plan Limit model was passed 
onto MDBA in 2010 to allow them to undertake Basin Plan modelling.  

Further improvements have since been made, as well as a close inspection of the model 
configuration to make certain the Plan Limit model conforms closely to WSP rules. These are more 
fully described in Chapter 2. 

1.3. Purpose of scope 
This report is intended primarily for MDBA as a record of changes to the BDL estimate. The 

purpose of the report is to describe how the BDL Scenario was formed, and fully document what 

this scenario includes. 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 report (O’Neill et al; 2006).  
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2. Model development 

2.1. WSP to 2009 
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; and 

 robustness of the model to simulate outside the calibration period.  

At the time the WSP commenced, the modelled LTAAEL estimate noted in the WSP was 392 GL/y, 
compared to a long term MDBMC Cap diversion of 433 GL/y. The model was first submitted for 
Independent Peer Review by MDBC in 2003. However, this was suspended while various 
improvements were made. A revised model was accredited by MDBA for Cap Auditing in 2010, 
with a reported long term Cap Diversion modelled estimate of 447 GL/y over the simulation period 
01/07/1890-30/06/2008. The calibration and set up of the model is described in the Macquarie 
valley Cap report (O’Neill et al., 2006). 

The Independent Auditor concluded the model to be sufficiently robust and unbiased, and it could 
be used to simulate long-term diversions. The Auditor also recommended a list of potential model 
improvements. A further review of the model was undertaken as part of the MDB Sustainable 
Yields Project, and to establish its fitness-for-purpose for use for MDBA modelling for the Basin 
Plan (Podger et al., 2010). 

2.2. MDBA BDL model 
NSW provided the Macquarie IQQM of the WSP to MDBA to commence the basin planning 
process. MDBA modified the Macquarie IQQM to link in the Castlereagh and Bogan models 
(BOH000)1. The BDL estimated over the period 01/07/1895-30/06/2009 was 380 GL/y, which 
includes 372 GL/y in the regulated Macquarie-Cudgegong River and 8 GL/y in the Bogan River. 

2.3. Revisions for NSW BDL estimate 

2.3.1. Re-calibration 

The Macquarie IQQM used for WSP and MDBA BDL was calibrated against pre-2000 data. With 
the availability of more data, including during the Millennium Drought, it was considered necessary 
to recalibrate the model. This recalibration focused on calibrating mainstream flows, General 
Security diversions, Supplementary Access diversions, crop areas, and storage volumes. 
Representations of the Fish River system and the Bogan river system were added in the model. 
The model was re-calibrated and validated for the 2004-17 and 1995-2006 data respectively. As 
part of this calibration, representations of on-farm rainfall-runoff harvesting and floodplain 
harvesting were added.  

The recalibration resulted in estimates of long-term Burrendong inflow being reduced by 6% 
compared to the original BDL model. Estimates of regulated diversions were consequently reduced 

                                                
1 The Bogan and Castlereagh Rivers are essentially unregulated, and form alternate WSPs to the 
Macquarie-Cudgegong Regulated River WSP. The models were used primarily to estimate long term 
estimates of inflows to the Barwon Darling IQQM. 
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and modelled end of system flows increased resulting in an improved fit to recorded end of system 
flows compared to the existing BDL model used by MDBA. 

2.3.2. Improved representation of WSP 

Several changes were made to improve how the model represented the WSP, as at 30 June 2009, 
including 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 PEW, EWA, 
improvements in software, and the transfer of consumptive entitlements to environmental 
entitlements. These are summarised in Table 1.  

2.3.2.1. Replenishment flows 

The WSP requires allowances from Burrendong Dam are set aside to replenish flows in the Lower 
Macquarie River, Marra Creek, and Bogan River and the original WSP assumed that all of the 
reserved water would be used to meet the replenishment targets. WaterNSW was able to operate 
releases from Burrendong Dam to meet the replenishment requirements with much lower volumes 
than the WSP allowed for. Revised modelled estimates were made based on data from WaterNSW 
to match actual release behaviours. This does not alter the volumes reserved in Burrendong to 
supply replenishment flows set by the WSP. 

2.3.2.2. Town water supply diversions 

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 than entitlement, the 
model was revised to reflect actual diversions. This does not reduce the volumes allocated to local 
water utility entitlements. 

2.3.2.3. Environment Water Allowance 

The operation of the EWA 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 64:96 to 96:64 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 2005-14 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 1st 
September to 30th November. The protection of planned environmental water is not reduced by 
this change because the volumes assigned to the EWA are not reduced, and only the discretionary 
behaviour representation has altered to better represent observed choices made by the EFRG. 

2.3.2.4. Software and model upgrades 

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 floodplain 
harvesting and an ability to harvest rainfall-runoff from farms. 

A WSP provision that allows for carry-over to be forfeited during periods when Burrendong Dam 
spills was not possible to represent in IQQM when the WSP model scenario was created. The 
software has since been upgraded to improve this capability. 

2.3.2.5. Bulk Water transfer from Windamere to Burrendong Dam 

High volume transfers are provided from Windamere Dam in sufficient time to prevent the storage 
volume of Burrendong Dam becoming insufficient to supply downstream water users. However, 
rules on how these transfers are made are not specified in the WSP and it is left up to operational 
decision making to decide the volume and timing of any transfer. The model scenario used by 
MDBA was configured with transfer behaviours as advised to the modelling team at the time when 
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the model was originally configured, however a historical review of transfers carried out by the 
modelling team found that the expected behaviour has not been occurring in practice. 

The Bulk water transfers have been recalibrated in the new model against observed data from 
1994 to 2017 and represent less water being transferred from Windamere to Burrendong than that 
in the accredited BDL model. This resulted to higher storage volume of Windamere dam than that 
in accredited BDL model but closer to observed volume. 

Table 1. Summary of differences between existing BDL and updated BDL models. 

No. Item Existing BDL Model Updated BDL Model 

Replenishment flows   

1 Marra Creek 15 GL/y released as fixed pattern 
Jul-Sep 

Orders from May to June with demand reduced 
from 250 to150 ML/d. Ave usage of 8.3 GL/year 

2 Lower Bogan 15 GL/y released at a fixed pattern 
in every Jul-Sep period 

Orders from July to September with demand 
reduced from 115 to 66 ML/d. Ave usage of 5.5 
GL/year 

Diversions 

3 Town water supply Average annual diversion 21 GL/y. Based on diversion records, average annual 
diversion 13 GL/y. 

4 Stock and Domestic Modelled with General Security 
irrigators 

Modelled separately, average annual diversion 
2.0 GL/y 

Model enhancements 

5 Detailed Macquarie Marsh 
Configuration 

Not Modelled Modelled 

6 On farm rainfall-runoff  
harvesting 

Not Modelled Modelled 

7 Floodplain harvesting Not Modelled Modelled 

8 Carry-over forfeiting during 
Burrendong spilling 

Not modelled While Burrendong is spilling, carry-over is 
forfeiting by the volume spilled.  

Environmental watering allowance operation (PEW) 

9 Active Component Water allocated to 64 GL/y GS 
account released every year in 
June 

Active component increased to 96 GL/y and 
modelled to match recorded 2005-2017 
behavior. 

10 Translucent  Component Water allocated to 96 GL/y GS 
account released as per WSP 
translucency rules 

The GS account reduced to 64 GL/y and 
modelled as per WSP translucency rules 

Environmental licence 

11 
 

HEW: NSW owned 48 GL 
GS Entitlements 
and Commonwealth has 
126 GL GS Entitlements 

Not included 
 

Lumped with other irrigators. 

Cudgegong EWA translucency 

12 EWA Windamere storage above 140 GL Above 110 GL 

13 Upper window 500 1,200 

14   Lower window Monthly 14 to 80 ML/d 150 ML/d when natural flow at Rocky Water 
Hole gauge is above 150 ML/d for a period of 2 
days. 
 

Average (Max.) simulated irrigated crop areas and on farm storages  

15 Crop area on Jan 1 52,717 (77,319) 48,154 (75,081) hectares 

16 Crop area on June 1 52,856 (77,319) 6,594 (13,134) 
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No. Item Existing BDL Model Updated BDL Model 

17 On farm storage volume 4,554 (56,133) 11,443 (105,331) ML 

3. Results 
Table 2 shows the average annual usage from July 1895 to June 2009 for different components of 
the existing accredited BDL model vs the proposed new BDL model scenario. This shows a 
reduction of the General Security diversions of about 17%. This is mainly due to reduced inflows 
and reduced crop areas in the new model especially in the winter season resulting in lower total 
irrigation diversions than that in the current BDL model scenario. 

The additional diversions from floodplain and rainfall runoff harvesting added about 28 GL/yr on 
average. The total modelled diversions is 330 GL/yr in the new model, 11% lower than the 
accredited BDL model scenario. 

Table 2. Comparison of results from the accredited BDL and updated BDL scenarios. 

Category 

Scenario 

Accredited BDL (Macq.sqq) New BDL (BD46) 

Entitlements (long term average usage (GL/y) 

  General Security 317.9 265.2 

  Supplementary Access 29.4 12.6 

  High Security 5.1 10.0 

  Town Water Supply 21.0 12.4 

  Stock and Domestic  2.0 

  Floodplain harvesting  11.5 

  Rainfall runoff harvesting  16.6 

TOTAL 373.4 330.4 

Instream  

  PEW Active 35.5 50.6 

  PEW Translucent 69.5 55.7 

  Total EWA 105.0 106.3 

  Marebone Upstream Flows 449 505 

  Macq R at Carinda (421012) 102 108 
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4. BDL and model parameters 
Table 3 contains all relevant configuration information for the proposed BDL Scenario. 

Table 3. BDL infrastructure & development parameters. 

Items Description 

General 

System File Name MacqBD46.SQQ (2019/11/20) 

IQQM Version developed in 7.95.0 RC5 Rev 3626 (2019/07/09) 

Available Simulation Period 01/01/1890-30/06/2018 

Water Year July to June 

Valley Development Levels 

Maximum Crop area 

Crop Mix 

Licence Volume 

On farm storage volumes 

1999/00 

1999/00 

1999/00 

1999/00 

Catchment Information 

Headwater storages modelled 

WIndamere 

 Inactive storage (GL) 

 Full supply volume (GL) 

Burrendong 

 Inactive storage (GL) 

 Full supply volume (GL) 

 

1 

368  

 

34 

1,188 

Inflows (GL/y) 

Windamere 

Burrendong  

d/s Burrendong  

46 

909 

392 

Entitlements 

General Security (Shares) 

d/s Windamere Dam 

d/s Burrendong Dam 

TOTAL 

16,334 

615,000 

631,334 

High Security (shares) 

d/s Windamere Dam 

d/s Burrendong Dam 

TOTAL 

3,175 

11,742 

14,917 

Town Water Supply (shares) 18,455 

Stock and domestic (shares) 5,812 

Supplementary Access Cap (GL/y) 50 

Irrigation development 

Maximum irrigable area (ha) 126,976  

Maximum summer area (ha) 80,487 

On-farm storage capacity (GL) 110 



Macquarie Regulated River System – Modelling – Baseline Diversion Limit Scenario (update) 

NSW Department of Planning, Industry and Environment | INT19/130129 | 8 

Items Description 

Installed pump capacity (ML/d) 19,704  

Accounting system 

Type 

Debiting type 

Carry-over % 

Maximum balance % of entitlement 

Carry-over reset 

Annual 

Water use 

100 

200 

At Burrendong Dam spill 

On-farm storage operation 

Rainfall runoff harvesting Yes 

Airspace allowed Yes 

Resource Assessment  

Maximum allocation  

Expected Min HW flow from July to 

 June (ML) 

Expected Min Trib inflow from July to June (ML) 

Transmission and Operation Loss at 0% 

allocation from July to March (GL)  

Transmission and Operation Loss at 100% 

allocation from July to March (GL)  

Storage Reserve (GL) 

(Windamere+Burrendong) 

100%  

224000 215000 90300 72500 67100 65400 

258100 238200 229400 227900 227400 227200 

16300 16300 10500 8000 7000 6500 

22300 20100 17800 17000 16600 16400 

257,255,266,251,240,226,399,391,378 

 

367,363,365,340,360,310,515,511,496 

 

60.3 all months 

Storage OperatIon 

Carry-over forfeiting during  

Burrendong spills 
Carry-over forfeited by spill volume.  

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. 

In-stream requirements 

Average annual usages and maximum replenishment flow requirements (ML/y) 

Marra Creek  

Lower Bogan  

8,413 (15,000) 

5,600 (15,000) 

Minimum flow requirements at various locations (ML/d) 

Crooked Creek 

Duck Creek 

12 to 40  

14 to 80 

Environmental Water 

Cudgegong EWA Translucency 

Translucent cap (ML)                                                10,000 

Windamere storage threshold                                 110 GL 

Lower and Upper Window                      from 150 to 1,200 ML/d based on natural flow at Rocky Water Hole Gauge 
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Items Description 

Planned Environmental Water 

Planned Environmental Water Allowance (ML) in addition to GS accounts 
 

 Active component 

 Translucent Component 

 

96,000  

64,000  
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