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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 

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 2000 

WRP Water Resource Plan 

WSP Water Sharing Plan 
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1 Introduction 
Statutory water sharing arrangements in NSW are developed through 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 is followed by NSW Department of Industry to develop statutory Water Sharing Plans 
(WSPs) under the Water Management Act 2000 legislation, using models developed with 

Integrated Quantity Quality Model (IQQM) software. WSP provisions are developed through IQQM 
modelling to provide an agreed set of water sharing rules to meet triple bottom line outcomes, 
based on modelled annual diversions averaged over a long period of historically varying climate. A 
similar process will be used to develop Water Resource Plans (WRPs) for the Basin Plan, 
established under the Commonwealth Water Act 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). The SDL is estimated depending on the Baseline 
Diversion Limit (BDL). An estimate of the BDL was made at the time the Murray–Darling Basin 
Plan 2012 (the Basin Plan) was formulated. This estimate has been revised by the NSW 

Department of Industry based on improved modelling. 

This report describes the development of the BDL scenario for the Border Rivers. The Border 
Rivers model has been re-developed in the eWater Source package (hereafter referred to as 
Source) as is further detailed in Section 2. The report includes a comparison to the previous BDL 
model and estimate. 

A separate report will be prepared to describe a more contemporary scenario that will be the 
baseline for WRPs, and will be used to represent the SDL scenario. This is essentially the Current 
Conditions scenario. 

1.1 Basin Plan requirements 
A key requirement for a WRP to be accredited is that 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 resulting from implementation of the Basin Plan. This includes assessment of 
the WRPs in terms of SDL achievement and any impacts that may occur.   

The BDL for the NSW Border Rivers is defined in Schedule 3 of the Basin Plan as “… the quantity 
of water that would have been taken…under State water management law as of 1 July 2009”. A 

note to this component provides an estimate based on reported Murray Darling Basin Authority 
(MDBA) modelling as of 2010. The BDL is modelled on a particular scenario, based on the WSP 
rules for that water resource. 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 with the WSP in place, as at 1 July 2009. The LTAAEL is based on water use 

development levels at a point in time, e.g., 1999/2000, (crop areas, on-farm storage capacity, 

pump capacity, headwater storage, etc.), crop planting decision making, storage operation and 

other management practices, as well as the rules set out in the WSP. The model scenario that has 

all of these settings is the Plan Limit model, and is equivalent to the BDL. 
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The water sharing plan limit for the Border Rivers is defined as the lesser of: 

a) the long term average annual extraction from this water source that would occur with the 

water storages, water use development that existed in 2001/2002, the share components 

existing at the commencement of this Plan and application of the rules defined in this Plan, 

or 

b) the long-term average annual extraction from this water source that would occur under Cap 

baseline conditions as agreed under the Murray Darling Basin Agreement. Note the Cap for 

NSW Border Rivers is based on level of development that existed in November 1999 due to 

an allowance for an enlarged Pindari Dam.  

A note was included in the WSP of the LTAAEL estimate at the time the WSP was formulated. The 

Plan Limit model was supplied to the MDBA in 2010 to allow for Basin Plan modelling. The Border 

Rivers model has since been re-developed in the eWater Source package, as is detailed in 

Section 2 of this report.  

A review of Landsat data has identified a small number of on farm irrigation storages which were 

developed in the period between November 1999 and June 2002. The updated NSW Border 

Rivers Plan Limit and BDL scenario has been defined as the scenario based on storage capacity at 

November 1999 and management arrangements and share components as at 1 July 2009. This is 

also addresses the Border Rivers IGA requirement that overland flow diversions be limited based 

on the long term average under November 1999 infrastructure.  

1.3 Purpose of this report 
This report is intended for the MDBA, as a record of changes to the BDL estimate, as well as the 
Border Rivers Stakeholder Advisory Panel (SAP). The purpose of the report is to describe how the 
BDL Scenario was formed, and to document what this scenario includes. The technical content of 
this report has been kept to the scope of the BDL scenario. The general development and 
calibration of the model will be described in a series of technical calibration reports. 
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2 Model development 

2.1 Requirement for a new Border Rivers model 
NSW and QLD have previously used IQQM for river system modelling in the Border Rivers. IQQM 
has been implemented for the regulated part of the Border Rivers Valley from the headwater dams 
including Glenlyon, Pindari and Coolmunda, to the outlet of the Border Rivers Valley near 
Mungindi. It also includes the major unregulated Weir River system.  

NSW and QLD used separate models for the purposes of Cap Auditing. The NSW model is 
described in Sivkova et al. (2013). The recommendation of the independent review Bewsher 

(2014) was that a common cap model for the Border Rivers be developed jointly by NSW and 
QLD. The development of the National Hydrological Modelling Platform made it preferable for a 
common model be developed using Source.  

This redevelopment was undertaken jointly by the QLD Department of Science, Information 
Technology and Innovation and the NSW Department of Industry. The redevelopment includes 
significant re-calibration, as the original models were developed in the mid-1990s and new data 
sets have become available to refine the model. NSW and QLD have worked collaboratively to 
obtain data and select best practise methods.  

Internal and some external reviews of the new Border Rivers Source model have been completed. 
An audit has also been undertaken to ensure the Plan Limit model conforms closely to WSP rules.  

2.2 eWater Source 
The development of the Border Rivers model using Source software is part of planned transition of 
all NSW river models from the IQQM software which has served NSW since the 1990s.  

The Source software has been collaboratively developed in a partnership between industry and 
research bodies, with substantial funding from the Commonwealth Government and most state 
governments. NSW provides ongoing financial support along with in kind resources, and has been 
actively involved since the beginning at both oversight and technical advisory levels. 

The Basin Plan Implementation Agreement (2012) agreed that Source would be adopted where 
possible. Source provides a more flexible framework for river system modelling, however the 
functionality adopted for the Border Rivers model is broadly the same as the existing IQQM. The 
key differences between the two models are summarised below and described further in the 
following sections of this report;  

 The recalibration of flows and diversions, using updated data and methods, causes the 
biggest change in model results.  

 Significant additional detail has been added to better represent floodplain harvesting and 
the model now also includes rainfall harvesting.  

 Source offers advances in functionality which can be used to better reflect operation of the 
system. The most significant addition to the Border Rivers Source model is the 
representation of borrowing and payback.  

2.3 Re-calibration 
The Border Rivers IQQM used for WSP and MDBA BDL was calibrated against pre-2000 data. 
With the availability of more data, including data from the Millennium Drought, it was considered 
necessary to recalibrate the model. This recalibration included headwater inflows, mainstream 
flows, General Security diversions, Supplementary Access diversions, crop modelling, and storage 
volumes.  



 Baseline diversion limit scenario model 

NSW Department of Industry | INT18/178130 | 4 

The data available covers various time periods and several segments of the calibration are limited 
by datasets with short periods of data. The general principal is to use the longest period possible, 
and data of an acceptable quality to calibrate the components of the model. Subsequently, there 
are a range of time periods that different components of the model are calibrated to.  

Once the components were built into a full system model, it was validated by running the full 
system and comparing its results to recorded data. The validation period for the model, inclusive of 
the flows, demand and management calibration results, is 2003-2014. 

2.4 Improved representation of floodplain and rainfall 
harvesting 

Under the Water Management Act 2000, the taking of water from a water source must be 

authorised by a water access licence unless a basic landholder right or licence exemption applies. 
NSW is undertaking a program to license existing floodplain harvesting (FPH). This program has 
the following aims:  

 manage this shared resource more effectively, in order to protect the reliability of water 
supply for downstream water users and to protect the environment 

 comply with the requirements of the Water Management Act 2000 

 comply with the requirements of the Basin Plan 

 meet the objectives of the National Water Initiative. 

The Border Rivers Source model will be used to determine individual FPH entitlements. This has 
required the development of a farm-scale river system model for the Border Rivers Regulated 
River Valley. The model features individual users with their unique infrastructure and water access, 
including those relating to FPH water sources. 

FPH has been represented in the model through a number of major breakout paths. Multiple lines 
of evidence were used to assess breakout relationships and harvesting results. The key test was to 
assess simulated diversions when using reported areas and compare to observed diversions. The 
reported areas have been cross checked against remote sensing data to ensure that they are 
representative with no significant issues identified. The model uses a crop model in line with FAO 
56. The frequency of events was compared to information in irrigator surveys and remote sensing 
data. Some estimates of harvested volumes were provided and considered in the model review.  

Rainfall harvesting has been added to the individual irrigator nodes in the model. This means that 
the rainfall harvesting estimate only relates to harvesting from properties eligible for floodplain 
harvesting entitlements. In some cases, these properties also harvest regional runoff from nearby 
properties, which is incorporated into the floodplain harvesting estimate. 

LIDAR data has been used to confirm the capacity of on farm storages and Landsat data has been 
used to confirm when storages were built.  

2.5 System operation refinements 
Releases may be made from Pindari to meet QLD demands downstream of the Macintyre-
Dumaresq confluence. Contributions from Pindari used to meet QLD demands are repaid by a 
transfer of ownership inside Glenlyon. This practice enables more efficient operation of the system. 
IQQM did not include representation of this practice, however borrowing and payback has been 
added to the Source model.  

The IQQM model uses a relationship to control the direction of NSW orders between Pindari and 
Glenlyon, which has also been adopted in the Source model. This relationship was developed to 
try to balance the risk of spill from both dams, but it does not always reflect operator behaviour. It 
would be desirable to review this component of the model in future work. 
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Boomi Stock and Domestic Replenishment flows have been recalibrated and also cross checked 
with the operator. The model has been calibrated to also represent additional unregulated flows 
down the Boomi.  

2.6 Limitations of this report in describing the NSW Border 
Rivers BDL 

The Border Rivers model will undergo some further refinements, as outlined below, which may 
affect the BDL estimate.  

 Additional external reviews are still in progress. Some further refinements may still occur 
although these are expected to be relatively minor. 

 The level of QLD development which should be assumed for the purposes of NSW BDL is 
also to be clarified which may have a small impact on NSW BDL.  

 The current estimate of on farm storage capacity is based on draft LIDAR data which is not 
as accurate as the final LIDAR methodology in preparation. The model will be updated with 
the final LIDAR data. This may have a small impact on results.  

In addition to these planned improvements, some further refinement may also be required to better 
account for usage associated with temporary trade with QLD, however for now a post-processing 
method is proposed: 

 A state of origin reporting approach has been used in Border Rivers water accounting as 
set out in Schedule F in the Border Rivers Intergovernmental Agreement (IGA; 2008). This 
means that any water usage associated with allocation to a NSW license would be reported 
as NSW usage, even if the actual extraction occurred in QLD. The reverse is also true; 
water allocated to a QLD license and used in NSW is considered QLD usage.  

 In comparison to a state of origin approach to accounting for diversions, the model under-
simulates total regulated1 diversions by 5%.  

 Either a model change or a postprocessing method could be used to account for this 
shortfall. For example the BDL and SDL total modelled regulated diversions could be 
increased by 5%.  

                                                
1
 High security, general security and supplementary diversions 



 Baseline diversion limit scenario model 

NSW Department of Industry | INT18/178130 | 6 

3 Results 
NSW provided the Border Rivers IQQM of the WSP to the MDBA to commence the Basin planning 
process. This model represented entitlements as share components in 2000 however the updated 
BDL represents entitlements as the plan limit definition (2008/09).  

Table 2 compares the BDL estimate provided to the MDBA with the revised BDL estimate. Both 
scenarios are assessed using the 01/07/1895 to 30/06/2009 period. The results are limited to 
General, High Security and Supplementary diversions.  

 Previous reports included Stock and Domestic Replenishment however this estimate was 
based on orders, not diversions. The best available estimate for these diversions is the 
same as was previously used by MDBA hence no updates are reported here.  

 All other components will remain at the existing MDBA estimate. An update to the floodplain 
harvesting estimate will be made at a future date as part of the Healthy Floodplains project.  

As noted in Section 2.6 the modelled NSW diversions do not fully account for temporary trade to 
QLD and total NSW regulated diversions under-estimate state of origin diversions by 5%. It is 
proposed to account for this by scaling the modelled NSW General and High security diversions 
and supplementary diversions up by 5%. 

Table 3-1. Comparison of average annual NSW usage from original and Updated BDL scenarios 

Category Scenario 

 

MDBA BDL Revised 
BDL 
model*  

 (long term average usage (GL/y) 

General and High Security 104.4 92.8  

Supplementary Access 83.7 69.1  

Total 188.1 161.9 

* As noted above, it is proposed to increase these results by 5% to fully account for state of origin approach to reporting. 
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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 and development parameters 

Items Description 
General 

Source File Name BorderRivers_2018_09_06.rsproj 

Scenario Input Set NSW_BDL 

Source Version  Source 4.6.0.7533 Beta 

Available Simulation Period 01/07/1890-30/06/2014 

Water Year July to June 
Valley development levels 

Maximum Crop area 

Crop Mix 

Licence Volume 

Crop Planting Decision 

2003/04  

2003/04 

2008/09 

2008/09 

On farm irrigation storages Nov 1999 
Catchment information 

Headwater storages modelled 

Pindari 

 Inactive storage (GL) 

 Full supply volume (GL) 

Glenlyon 

 Inactive storage (GL) 

 Full supply volume (GL) 

 

0.5 

312.3 

 

0.2 

254.3 

Average Annual Inflows (GL/y) 

Pindari 

Glenlyon 

Coolmunda 

166 

72 

62 
Entitlements 

General and High Security (Shares) 

HS 

GS A 

GS B 

TOTAL 

1,500 

22,114 

242,123 

265,737 

Town Water Supply (NSW shares) 620 

Stock and domestic
2
 (shares) 1,275 

Supplementary Access Cap (GL/y) 120 

Irrigation development 

Maximum irrigable area (ha) 45,485 

On-farm storage capacity (GL) 170 

Installed river pump capacity (ML/d) 7,074 

On-farm storage operation 

Rainfall runoff harvesting Yes 

Airspace allowed No 
Ownership 

Resource Assessment Systems 3 separate resource assessments: NSW and 

QLD Continuous Accounting systems for the Border; 

QLD Continuous Sharing system for Macintyre Brook 

Ownership of Inflows Shared 43% QLD, 57% NSW except for inflows to 

following storages: Coolmunda 100% QLD, Pindari 

100% NSW. Supplementary water shared 50/50.  

                                                
2
 Not represented in IQQM or Source mode. 
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Items Description 
NSW accounting system 

Type 

Debiting type 

General Security Maximum Account Limit and 

Annual Usage Limit 

Continuous 

Water Order 

1 ML/share 

NSW resource assessment 

Storage Loss Reserve As per storage reserve calculations used in water 

allocation determinations 

NSW Essential Supplies Reserve (incl delivery) 41.1 GL
3 

TOL 30% (Gen A and B), 60% (HS) 
Storage operation 

Pindari and Glenlyon order sharing Orders shared to balance the risk of spill from both 

dams 

QLD Borrowing from Pindari and Payback in 

Glenlyon 

Yes 

Planned environmental water 

Pindari Translucency As per WSP rules 

Pindari Stimulus From April to August, when dam inflow > 1200 ML/d 

an order is made, generally for a 4000ML event 

(shape is informed by 2013 stimulus event). The 

event volume is equal to the account balance which 

can be up to 8000 ML.   

Mungindi MFR This has been based on how operators interpret this 

rule. Boggabilla weir releases minimum of tributary 

inflows and 200ML/d   

  

                                                
3 
This is a reduced requirement as noted in the Bulk Water Sharing plan
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