
 

NSW Department of Planning, Industry and Environment | dpie.nsw.gov.au 

 

 

BASIN PLAN IMPLEMENTATION 

Lachlan Surface Water WRP– Baseline Diversion 
Limit Scenario Model - Belubula Regulated River 
System – Updates October 2019 

Attachment C to Schedule F 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Published by NSW Department of Planning, Industry and Environment 

dpie.nsw.gov.au  

Title: Lachlan Surface Water WRP– Baseline Diversion Limit Scenario Model - Belubula Regulated River System – 

Updates October 2019 

Subtitle: Attachment C to Schedule F 

First published: November 2018 

Department reference number: INT19/120960  

NOTE: On 1 July 2019, NSW Department of Industry became part of NSW Department of Planning, Industry and 

Environment. Any references to Department of Industry in this document, except where made in a historical context, can 

be taken to refer to Department of Planning, Industry and Environment. 

More information 

Dushmanta Dutta, NSW Department of Planning, Industry and Environment, Parramatta 

© State of New South Wales through Department of Planning, Industry and Environment 2019. You may copy, distribute, display, 
download and otherwise freely deal with this publication for any purpose, provided that you attribute the Department of Planning, 
Industry and Environment 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 Planning, 
Industry and Environment), 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.

http://www.dpie.nsw.gov.au/


Lachlan Surface Water WRP– Baseline Diversion Limit Scenario Model - Belubula Regulated River System – Updates 
October 2019 

NSW Department of Planning, Industry and Environment | INT19/120960 | i 

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 

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  

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 

1.1. Background 
Statutory water sharing arrangements in NSW are 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 the NSW Government to develop statutory Water Sharing Plans 
(WSPs) under the Water Management Act 2000 (WM Act) legislation using models developed with 
the Integrated Quantity and Quality Model (IQQM) software. WSP provisions were informed by 
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 has been used to develop the Water Resources Plans (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 
sustainable Diversion Limit (SDL). This SDL estimate depends on the estimate of the Baseline 
Diversion Limit (BDL). 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 June 2009…”. 

An estimate of the BDL for the Lachlan regulated River System was made at the time the Basin 
Plan was formulated, this Lachlan BDL estimate incorporated the Belubula. A recent review of the 
IQQM model used to inform the original WSP identified some key issues in the model, in particular 
overestimation of end of system flows and underestimation of storage releases, and it was 
assessed as not being fit for the purpose for the development of the WRP for the Belubula. NSW 
has brought forward the planned replacement with a new Source based model to address the 
shortcomings of the IQQM Model .The estimate of the Belubula BDL has been revised by the Land 
& Water Division of NSW Department of Industry based on a Belubula River System model 
developed using the eWater Source Modelling Platform (NSW Department of Industry, 2018a).  

1.2. Purpose of report 
This report is intended primarily for the Murray–Darling Basin Authority (MDBA) as a record of the 
updated BDL estimate. The purpose of the report is to describe how the BDL Scenario was 
formed, and document what this scenario includes. The report describes the configuration of the 
BDL scenario concerning the operation and management rules in the Belubula Regulated River 
system under the State water management law as of 30 June 2009.  

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.  

The standard reporting period of 1895–2009 has been used for reporting results in relation to the 
Baseline Diversion Limit (BDL). 
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2. Model development 

2.1. IQQM BDL modelling 
The Belubula Regulated River system (Figure 2-1) was initially modelled as a sub-system within 
the Lachlan IQQM. The Lachlan IQQM was calibrated in the late 1990s and used to develop the 
2004 WSP of the Lachlan Regulated River System. This Lachlan IQQM, including the Belubula 
Regulated River, was provided to MDBA, and used to estimate the BDL for the Basin Plan. The 
WSP of the Belubula Regulated River system was developed in 2012. Subsequent to the 
development of the Belubula WSP, the Belubula Regulated River component was separated from 
the Lachlan IQQM to form a separate Belubula IQQM. This IQQM model of the Belubula was used 
to determine the initial revised estimate of the BDL (see Table 3-1). However, during the WRP 
development process, it was found that the IQQM was not fit for purpose of WRP development as 
the model was overestimating end of system flows, while underestimating storage releases (NSW 
Department of Industry, 2018a). As a result, a decision was made to create a new model of the 
Belubula using eWater Source modelling platform. 

 

Figure 2-1. Location map of Belubula regulated river system. 

2.2. Updated BDL model 
The Belubula Source model was developed in 2017–2018 to support the development of the WRP. 
The main focus of the Belubula Source model was on accurate of simulation of storage behaviour, 
flow at the end of the system and full representation of the current resource assessment process. 
The flow component of the model was calibrated and validated using the flow data of 1990–2017. 
The calibrations of both storage behaviour and the demands for both irrigation and mining have 
utilised available data for the post WSP period from 2012–2017. The Belubula Source Model 
Calibration Report (NSW Department of Industry, 2018a) describes the technical details of the 
Source Belubula model development. The WRP process has used the Source model for the 
modelling of all scenarios, including the revised BDL.  
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2.3. BDL scenario 
The BDL scenario has been developed to represent the best estimate of the water use and water 
management rules being applied in 2009 and it represents the period prior to Belubula WSP that 
came in effect in October 2012. The WSP for the Belubula Regulated River Water Source – 
Background document (DPI, 2013) details the rules that were applicable prior to the WSP. The 
development of the BDL scenario has taken information from the background documents, the 
calculations behind the December 2010 available water determination, and the historical usage 
data for both mining and irrigation.  

In addition, the BDL scenario has attempted to represent the demands from both mining and 
irrigation for the 2009 period. There has been a clear change in behaviour in water demands for 
irrigation and mining after the start of the WSP in 2012. The model parameter settings for the 
mining demands and irrigation demands for the BDL scenario have focused on getting a match of 
the mean annual diversions prior to the WSP. For the mining diversions, the period from 2002–
2012 have been used, while for the irrigation demands, two periods (1995–2012 and 2003–2012) 
have been used.  

2.3.1. Modelling demands 

Usage data of the Cadia gold mine, which is located in the upper reach of the model between 
Carcoar and The Needles, was used to estimate the mining demand. This demand has been set to 
a fixed daily value of 10.3 ML/d with General Security water being used in preference to 
supplementary water.  

As the majority of irrigation diversions occur between Canowindra and Helensholme, only this 
irrigation demand has been altered from the PBP scenario model (NSW Department of Industry, 
2018b). The following changes have been made: 

• Pump capacity for irrigation between Canowindra and Helensholme has been set to 90 
ML/d 

• Maximum area of summer pasture has been set to 1,000 ha 

• Minimum area of summer pasture has been set to 350 ha. 

2.3.2. Resource assessment and management rules 

The principles of resource assessment system in the baseline scenarios are described in the 
calibration report (NSW Department of Industry, 2018a). However, there are significant difference 
between the management rules and resource assessment prior to and after the implementation of 
the WSP. Table 2-1 and Table 2-2 summarise the management rules and resource assessment 
assumptions in the BDL scenario. The sets of parameters used to represent the infrastructure and 
development conditions of 2009 in the BDL scenario are presented in Table 2-3. The assumptions 
have been discussed with the river operator from WaterNSW and confirmed as an accurate 
representation of the river operations prior to WSP. 
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Table 2-1. Representation of key management rules in the BDL scenario (DPI, 2013). 

Rules BDL Comments 

End of the system (EoS) Minimum 

Flow 

No end of system requirement In line with actual practice 

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 

No mention of rules for supplementary 

water in background document, 

assumed to be the same at the PBP 

(current access rules) 

Access to uncontrolled flows for GS 

licence holders 

Access available when: 

Effective Available Water for GS 

licences ≤ 20% and, 

Flow at Helensholme ≥ 10 ML/d 

(access limit: up to 20% of share) 

As detailed in the background 

document.  

In the current version of Source 

software, the PBP access limit has 

been hard coded. The access limit of 

20% of share could not be modelled 

without update of the Source 

software. Instead, as assessment of 

GS uncontrolled flows for irrigation 

users has been undertaken (See 

Results) 

Access to uncontrolled flow for HS 

licence holders 

Not permitted 

 

Not modelled 

Carryover and Account Limit: General 

Security 

100% of account limit can be carried 

over for 1 year only 

Account Limit: 200% 

Incorporated into the model by 

adjusting the resource assessment to 

only allow carryover for a single year.  

Table 2-2. Representation of resource assessment assumptions in the BDL scenario. 

Item BDL 

Dead storage 300 ML 

Carryover Calculated by model 

Minimum storage inflows 0.7 GL 

Minimum usable tributary inflows 7.8 GL 

Reserve for High Security (HS) entitlements 2.4 GL 

Reserve for Stock & Domestic (S&D) entitlements 0.4 GL 

Reserve for Minimum Flow downstream of Carcoar 0.26 GL 

Reserve for EoS Minimum Flow target 5.5 GL 

Reserve for evaporation loss 2.2 GL 

Reserve for transmission loss 3.0 GL 

Reserve for operational loss 2.2 GL 
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Table 2-3. BDL infrastructure and development parameters. 

Item Description 

General 

Project file Belubula_4507552_WRP_001.rsproj 

Input Set BDL 

Source Version 4.5.0 

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

Water Year July–June 

Valley Development Levels 

Maximum Crop area 2009 

Crop mix 2009 

Licence Volume 2009 

Crop Planting Decision  2009 

Catchment Information 

Storages Modelled Storages Modelled 

Carcoar Carcoar 

Inactive Storage (GL) 0.2 

Full Supply Volume (GL) 35.8 

Lake Rowlands 

Full Supply Volume (GL) 4.5 

Average Annual Inflows (1895–2009) Average Annual Inflows (1895–2009) 

Storage Inflows (GL) 14.8 

Gauged Tributaries (GL) 99.7 

Residuals Inflows (GL) 41.7 

Entitlements 

Irrigation – General Security  18,686 

Irrigation – High Security 1,095 

Stock and Domestic (included with Irrigation) 233 

Mining – General Security 4,080 

Mining – Supplementary 3,125 

Irrigation development 

On-farm Storage capacity (GL) None 

Pump Capacity (ML/day) 145.18 

Accounting System 

Type Annual 

Debiting Type Water use 

Maximum balance % 200 

Maximum use % of entitlement 200 
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Item Description 

Resource Assessment 

Maximum Use (%) 200 

Period of assessment  2 years 

Total commitments before GS allocated (GL) 15.4 

Total usable inflows (Storage and Tributary) (GL) 6.0 

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 (ML/d) Minimum flow requirements (ML/d) 

Storage release 2 

End of System flow 0  

Environmental Water 

Planned Environmental Water None 

 

  



Lachlan Surface Water WRP– Baseline Diversion Limit Scenario Model - Belubula Regulated River System – Updates 
October 2019 

NSW Department of Planning, Industry and Environment | INT19/120960 | 7 

3. Results 
The outputs for the of the BDL model have been analysed for the period of a few years before and 
after 2009 as a means of testing if the diversions are reasonable compared to the observed data 
for both mining and irrigation. For mining, the demand of 10.3 ML/d results in a mean annual 
diversion of 1,839 ML/y (for the period of 2002–2012) compared to the observed 1966 ML/y 
(Figure 3-1).  

 

Figure 3-1. Comparison of observed and simulated annual diversions for mining between Carcoar 
and The Needles gauges. 

In Figure 3-1 the red bars represent modelled annual diversion for the mine, blue bars show 
observed annual diversion, red dotted line represents modelled average annual diversion and the 
blue line represents observed average annual diversion for the period of 2002–2012. This shows 
that a demand of 10.3 ML/d for the mine gives a reasonable match for the average annual 
diversions during the period shown. The demand of 10.3 ML/d is consistent with the mining 
demand used in the revised IQQM BDL model reported in DPI (2017).  

The modelled mean annual irrigation diversions downstream of The Needles gauge for the period 
from 1995–2012 were 2,091 ML/y compared to observed diversions of 2,231 ML/y (Figure 3-2). 
For the shorter period of 2003–2012 the modelled diversions were 1,157 ML/y compared to 1,180 
ML/y (Figure 3-3). While the 2002/2003 year was included in the comparison of mining diversions, 
it was excluded from the irrigation diversion comparison as it was unrealistically high, especially 
when compared to other annual diversions. 
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Figure 3-2. Comparison of observed and simulated annual diversion between The Needles and 
Helensholme gauges (for the period of 1995–2012). 

In Figure 3-2 the blue bars represent modelled annual diversion, red bars show observed annual 
diversion, blue line represents modelled average annual diversion and red dotted line represents 
observed average diversion for the period of 1995–2012. The effect of millennium drought is 
reflected in reduced annual diversion after 2004. 

 

Figure 3-3. Comparison of observed and simulated annual diversion between The Needles and 
Helensholme (for the period of 2003–2012). 

In Figure 3-3 the blue bars represent modelled annual diversion, red bars show observed annual 
diversion, blue line represents modelled average annual diversion and red dotted line represents 
observed average diversion for the period of 2003–2012. The effect of millennium drought is 
reflected in reduced annual diversion after 2004. 

Figure 3-2 and Figure 3-3 show that the modelling of the irrigation diversions downstream of The 
Needles gauge provides a reasonable match to both the average annual diversions from the 
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1995/96 water year to the 2011/12 Water year. Looking at the shorter period from 2003/04 to 
20011/12, the new Source BDL model behaviour is a good match to the mean annual diversions 
during this period. 

The maximum uncontrolled flow access across all GS licence holders in all water years have 
indicated that the maximum General Security uncontrolled flow access is 2,317 ML/y, which is 
below the 20% access limit of uncontrolled flow. This indicates that the inability of the current 
version of the Source software to correctly model the 20% access limit to uncontrolled flows for GS 
licence holders hasn’t affected the results and when the Source software is modified to allow 20% 
access limit for uncontrolled flow, it is not likely to change the result of the BDL scenario model.  

Table 3-1 shows the average annual usages for different components of the models. The higher 
usage by High Security and Stock and Domestic entitlement holders is a result of the priorities 
given to the different entitlement types. While the Belubula IQQM model represented High 
Security, General Security and Stock and Domestic as different water users, the Source model has 
a water user node on each reach, which uses account water in the order of High Security, Stock 
and Domestic and General Security. 

Table 3-1. Comparison of results from MDBA BDL, IQQM BDL and new Source BDL scenarios. 

Category 

Scenario 

MDBA BDL IQQM BDL Source BDL 

Entitlements Long-term average usage (ML/y) from 1895–2009 

General Security (Irrigation) 2,315 3,912 1,822 

General Security (Mine) 0 1,251 1,409 

High Security Irrigation 200 543 987 

Unregulated High Security 

(Mine) (Supplementary)  2,056 1,567 

Stock and Domestic 200 40 174 

TOTAL 2,715 7,802 5,959 
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4. Conclusion 
The BDL model developed as a scenario of the Source model of the Belubula provides a more 
reasonable estimate of the BLD than either the original MDBA BDL (where no mining was 
included) or the Belubula IQQM BDL. This reduction in the total usage between the IQQM BDL and 
Source BDL is to be expected given, the over estimation of both storage volumes and end of 
system flows in the IQQM model.  

Given that the original MDBA BDL model did not include the mining demand, which included the 
transfer of 3,125 shares of GS entitlement from the Lachlan into the supplementary licence in the 
Belubula. The BDL scenario developed in Source is considered to provide the best estimate of the 
BDL for 2009 water management rules and levels of development.  
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