
 

 

 

LACHLAN SURFACE WATER RESOURCE PLAN 

Lachlan regulated river system—baseline diversion 
limit scenario model 

Appendix A to Schedule F 

 



Lachlan regulated river system—baseline diversion limit scenario model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Published by the NSW Department of Industry 

Title: Lachlan  regulated river system—baseline diversion limit scenario model 

Subtitle: Appendix A to Schedule F 

First published November 2018 

INT17/214190 

More information 

Tahir Hameed and Perlita Arranz, NSW Department of Primary Industries – Water, Parramatta  

industry.nsw.gov.au/water  

 

 

 

 

© State of New South Wales through the Department of Industry 2018. You may copy, distribute, display, download and otherwise freely 

deal with this publication for any purpose, provided that you attribute the Department of Industry as the owner. However, you must 
obtain permission if you wish to charge others for access to the publication (other than at cost); include the publication in advertising or 
a product for sale; modify the publication; or republish the publication on a website. You may freely link to the publication on a 

departmental website. 
 
Disclaimer: The information contained in this publication is based on knowledge and understanding at the time of writing (November 

2018) and may not be accurate, current or complete. The State of New South Wales (including the NSW  Department of Industry), the 
author and the publisher take no responsibility, and will accept no liability, for the accuracy, currency, reliability or correctness of any 
information included in the document (including material provided by third parties). Readers should make their own inquiries and rely on 
their own advice when making decisions related to material contained in this publication. 

https://www.industry.nsw.gov.au/


Lachlan regulated river system—baseline diversion limit scenario model 

NSW Department of Industry | INT17/214190 | i 

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 

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 

WM Act Water Management Act 2000 

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 WM Act 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 Basin Plan 2012 (the Basin 
Plan) established under the Commonwealth Water Act 2007 (the Water Act). 

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 NSW Department of Industry based on improved modelling. 

This report describes the development of the BDL scenario for the Macquarie River. This 
description incudes 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 SDL 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 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 by 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 
1993/94 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. 
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1.2 BDL Plan requirements 
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. 

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 audit to make certain the Plan 
Limit model conforms closely to WSP rules. These are more fully described in Chapter 2. 

1.3 Purpose of this report 
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 Lachlan Valley 
Cap Report (Hameed et al 2001). 
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2 Model development 

2.1 WSP to 2009 
The Lachlan IQQM was initially developed in the mid-1990s using an early version of the IQQM 
software.  

The capability of the Lachlan 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. 

The model was accredited by MDBA for Cap Auditing in 2002 (Bewsher Consulting, 2002). The 
calibration and set up of the model is described in the Lachlan Valley Cap report (Hameed et al.; 
2001). The average annual diversion for 01/07/1898-30/06/2000 period was determined to be 305 
GL. 

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 Lachlan WSP IQQM to MDBA to commence the basin planning process. The 
BDL estimated over the period 01/07/1895-30/06/2009 was 289 GL/yr.  

2.3 Revision for NSW BDL estimate 

2.3.1 Improved calibration 

The Lachlan WSP used for WSP And MDBA BDL was updated with more detailed configuration of 
the wetland located near Booligal (Barma et al, 2010). The losses at Booligal, Corrong and Oxley 
were revised to offset the flow changes caused by this detailed configuration (Barma et.al, 2010).  

2.3.2 Improved representation of WSP 

Changes were made to improve how the model represented the WSP. These include implementing 
software upgrades to better represent the accounting system, and improving estimates of timing 
and volumes of water needed for operational aspects of the WSP such as replenishment flows and 
the EWA. These are described in following sections. 

2.3.2.1 Accounting system 

IQQM software limitations at the time the Lachlan model was supplied to MDBA did not allow the 
simulation of continuous accounting. The IQQM software was upgraded in 2016 to allow for 
continuous accounting as it applies in the Lachlan Valley. However, IQQM still does not allow 
multiple accounting systems and therefore the Belubula WSP is modelled separately, and the end 
of system flows used as an inflow to the Lachlan WSP model. 

2.3.2.2 Replenishment flows 

The WSP requires allowances in Wyangala Dam to provide for replenishment flows in the Lower 
Lachlan River for Willandra, Merrowie and Merrimajeel-Muggabah Creeks. WaterNSW has 
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replenished these flows using unregulated and surplus flows during most years, and releases from 
Wyangala Dam only during dry years. This reduced the volumes of water required to be set aside. 
The modelled replenishment behaviour was revised using data supplied by WaterNSW. This has 
resulted in long term usage lower than what was originally modelled for WSP. 

2.3.2.3 Town water supply, and stock and domestic diversions 

Diversions for town water supply and licensed stock and domestic usage were previously modelled 
assuming they consumed their full entitlement each year. Diversion records since 2004 show that 
actual usage was less than entitlement, and the model has been revised to reflect actual 
diversions. 

2.3.2.4 Environment Contingency Allowance (ECA) and Water Quality Allowance (WQA) 

The WSP did not specify how water would be released for the ECA and WQA. An assumed 
release pattern was used with the full allowance used in June and January respectively. DPI 
Fisheries has since advised of a more realistic demand strategy with releases made over a longer 
period. This advice was adopted, and details of these changes are presented in Table 2-1. 

2.3.2.5 End of system minimum flows 

The WSP requires maintaining a visible flow in the Lachlan River at Geramy to ensure water is 
available for Basic Rights access at the end of this water source. This rule was represented 
originally to be equivalent to 100 ML/d at Booligal. Observations from recent years indicate that this 
assumption was too high, and has been revised to a seasonal pattern with 30 ML/d in autumn–
winter and 80 ML/d in spring–summer. 

2.3.2.6 Jemalong Irrigation Limited (JIL) loss component 

JIL has a general security entitlement of 80 GL and an associated loss component of up to 18 GL 
based on allocation levels. The loss component in the model was originally combined with JIL’s 
entitlement as a simplifying assumption. This was changed to conform to WSP rules. 
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Table 2-1. Difference between MDBA BDL model and updated BDL models 

No. Item MDBA BDL model Updated BDL model 

Replenishment flows 

1 Booberoi Creek replenishment 
flows 

Lachlan River vs Creek flow 
relationship governs the flows 
into the creek 

If minimum flow requirements are not 
met by the unregulated flows through a 
river flow versus effluent flow 
relationship, then water is released from 
the dam to meet those requirements. 

2 Willandra, Merrowie, 
Merrimajeel/Muggabah 
replenishment flows (Average 
annual replenishment flows 
respectively are 10, 8, 4.5 and 
4.5 GL/y) 

A simple Lachlan River vs 
Creek flow relationship 
governs the flows into the 
creeks 

Lachlan River vs Creek flow 
relationships are changed to match 
actual operations. If requirements are 
not met by unregulated flows, water is 
released from the dam to meet those 
requirements. 

Diversions 

4 High security irrigation Modelled as irrigator and 
diversions are based on a 
crop moisture accounting 

Usage 10 GL/y matching observed data 

5 JIL loss component 18 GL loss component is 
lumped with their GS 
entitlement (total 98 GL) 

18 GL loss component modelled based 
on allocations as per WSP rules.  

6 Town water supply A pattern based usage of 
10 GL/y 

Usage 8 GL/y matching observed data 

7 Stock and domestic  A pattern based usage of 
9 GL/y 

Usage 6 GL/y matching observed data  

Model enhancements 

8 Accounting system Annual Continuous without Belubula system. 
Belubula inflow is the end of system 
simulation from WSP model. 

9 Licence transfer  N/A GS licence of 3,125 ML transferred from 
Lachlan regulated to Belubula 
regulated. 
 

10 ECA to be made available 
when start of water year 
allocation greater than 50% 

5 GL d/s Wyangala and 5 GL 
d/s Lake Brewster with daily 
demand of 167 ML/d in June 

5 GL d/s Wyangala and 5 GL d/s Lake 
Brewster with daily demand of 83 ML/d 
in May-June and Sept-Nov. 

11 Water quality allowance Entitlement of 20 GL with 
minimum flow of 666 ML/d 
released in January when 
Lake Brewster is about 67% 
full on 1 January.  

Average usage set to 14 GL/y with 166 
ML/d released during January–April 
when Lake Brewster is about full on 
1 January. 

12 End of system minimum flows 
at Booligal 

100 ML/day 80 ML/d October–March 
30 ML/d April–September 
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3 Results 
Table 3-1 shows the average annual usage for different components of the models for the period 
1/7/1895 to 30/6/2009.  

Table 3-1. Comparison of results from original MDBA BDL and updated BDL scenarios 

Category 
Scenario 

MDBA BDL Updated BDL 

Entitlements 
(long term average usage in GL/y for 

1/7/1895-30/6/2009 period 

General security 261 257 

JID conveyance 0 14 

High security 9 10 

Town water supply 10 8 

Stock and domestic 9 6 

TOTAL 289 295 
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4 BDL and model parameters 
Table 4-1 contains all relevant configuration information for the BDL scenario. 

Table 4-1. BDL Infrastructure & Development Parameters 

Items Description 

General 

System File Name LachBD10.SQQ 

IQQM Version developed in 7.90.1 

Available Simulation Period 01/01/1895-30/06/2016 

Water Year July to June 

Valley Development Levels 

Maximum Crop area 

Crop Mix 

Licence Volume 

Crop Planting Decision 

1999/00 

1999/00 

1999/00 

1999/00 

Catchment Information 

Storages modelled 

Wyangala 

 Inactive storage (GL) 

 Full supply volume (GL) 

Lake Cargelligo 

 Inactive storage (GL) 

 Full supply volume (GL) 

Brewster Weir 

 Inactive storage (GL) 

 Full supply volume (GL) 

Lake Brewster 

 Inactive storage (GL) 

 Full supply volume (GL) 

 

1 

1217 

 

15 

45 

 

 

0 

15 

 

18 

160 

Inflows (GL/y for 1/7/1895-30/6/2009) 

u/s Wyangala 

Lachlan gauged tribs 

Belubula 

706 

227 

189 

Entitlements 

General security (shares) 

d/s Wyangala 591,137 

High security irrigation (shares) 

d/s Wyangala 27,682 

Town water supply (shares) 15,545 

Stock and domestic (shares) 12,970 

JIL conveyance 17,950 

Irrigation development 
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Items Description 

Maximum irrigable area (ha) 77,862 

On-farm storage capacity (GL) Nil 

Installed pump capacity (ML/d) 25,000 

Accounting system 

Type 

Debiting type 

Maximum balance (%) 

Maximum use of entitlement 

Continuous 

Water use 

200 

75 

Resource assessment 

Maximum use  75% 

Storage operation 

Lake Cargelligo Filled using surplus flow and kept at 16 GL in dry year by ordering 
water from Wyangala 

Lake Brewster Filled using surplus flows 

Tributary utilisation factors (%) 

 Boorowa R 

 Belubula R 

 Back Ck 

 

100 

100 

50 

In-stream requirements 

Average annual replenishment flows (ML/y) 

Merrowie 

Muggabah 

Merrimajeel 

Willandra 

Booberoi 

 

8,000 (June 1 to July 15) of 180 ML/d 

4,500(May 1 to June 29) of 75 ML/d 

4,500(May 1 to June 29) of 75 ML/d 

10,000 (June 15 to Aug 15) of 180 ML/d 

12,495 (20 ML/d June to Aug, 60 ML/d 

Dec and Jan, 30 ML/d Mar to Apr) 

(If unregulated flows don’t reach the thresholds by certain dates in 

each creek in each year, remaining balance is released towards 

these creeks after those dates.) 

 

Minimum flow requirements (ML/d) 

Lachlan R @ Wyangala 

Lachlan R @ d/s Brewster Weir 

Lachlan R @ Booligal 

 October to March 

 April to September  

70 

20 

 

80  

30 

Planned Environmental Water 

Wyangala Translucency releases When Wyangala cumulative inflow from January 1 becomes greater 
than 250 GL, depending upon Wyangala storage volume, a flow 
event between 3,500 and 8,000 ML/d can be maintained at 
Brewster between 1 June and 30 November. The total volume of 
such flows cannot exceed 350 GL in a water year. 

ECA to be made available when start 
of water year allocation is 50% 

5 GL/y ds Wyangala and 5 GL/y ds Lake Brewster with daily 

demand of 83 ML/d from May to June, September to November 

Water Quality allowance Average usage set to 14 GL/y. Currently modelled as minimum flow 
ds Wyangala dam of 166 ML/d from January to April when Lake 
Brewster is about 67% full on January 1. It is planned to link this to 
Dam inflows later on. 
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