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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 

DOS disk operating system 

EFRG Environmental Flows Reference Group 

EWA environmental water allowance 

ECA environmental contingency allowance 

FPH floodplain harvesting 

GUI graphical user interface 

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 

OLFH overland flow harvesting 

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 
The Basin Plan 2012 (the Basin Plan), established under the Water Act 2007 (Cwlth), defines the 
maximum limit of consumptive diversions at valley as well as basin scale. Water resource plans (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 sustainable diversion limit 
(SDL). This SDL depends on an estimate of the baseline diversion limit (BDL), which is the long-term 
average annual diversion calculated over the period 1895–2009 that was allowable under state water 
planning law, before the Basin Plan was formulated. The SDL is the BDL minus a fixed recovery target.  

These long-term average annual diversions are estimated using Integrated Quantity and Quality Model 
(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 the Murray–Darling Basin Authority (MDBA) published in Schedule 3 of the Basin 
Plan 2012 has since been revised by NSW, with the changes principally based on improved flow 
calibration and revisions of components of the water sharing plan (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 Gwydir WRP needs to 
comply with. The Gwydir 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. 

1.1 The Pre-Basin Plan scenario 
The Pre-Basin Plan (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 
their farms, 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, including the seven-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. 
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1.2 Purpose of report  
This Gwydir regulated river (see Figure 1) report is intended primarily for the Stakeholder Advisory Panel 
(SAP) as a record of the development conditions and management arrangements that will be a starting 
point for the preparation of the 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 IQQM Cap Implementation Summary Report 
(DNR, 2009) and the Volumetric floodplain harvesting entitlement determination for the Gwydir River 
Valley Report (DPIW, 2016).  
Figure 1. Gwydir River Catchment. Available online www.environment.nsw.gov.au/ieo/Gwydir/maplg.htm 

 

  

http://www.environment.nsw.gov.au/ieo/Gwydir/maplg.htm
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2 Model development 
2.1 WSP to 2009 
The Gwydir IQQM was initially developed between 1997 and 2002 using an early version of the IQQM 
software. The model was calibrated for the period 1988–89 to 1996–97 for most parameters, including 
irrigation demand, crop planting, supplementary flow access, and headwater storage behaviour. This 
calibrated model was used to develop the 2004 WSP for the Gwydir Valley (DIPNR, 2004). 

The Gwydir IQQM was subsequently revised in 2004–5, incorporating new surveyed information regarding 
overland flow harvesting practices. The capability of the revised Gwydir IQQM to estimate annual and 
long-term diversions was established by the independent review processes under cap governance 
arrangements. Cap model audits by the Murray–Darling Basin Ministerial Council (MDBMC) 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. 

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 415 GL/y. The revised model accredited by the MDBA 
for cap auditing in early 2009 estimated the long-term cap diversion at 365 GL/y over the same simulation 
period 01/07/1892–30/06/2000. The calibration and set up of the model is described in the IQQM Cap 
Implementation Summary Report (2009). 

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 Murray–Darling Basin Sustainable Yields 
Project (MDBSY Project), and to establish its fitness for purpose for MDBA modelling for the Basin Plan 
(Podger, 2010). 

2.2 Revisions to model 
2.2.1 Post-2009 
Gwydir IQQM recently underwent a major revision to meet the objectives of the 2008 NSW Floodplain 
Harvesting Policy. The overall extraction limits were revised through the Floodplain Harvesting Volumetric 
analysis as part of the Healthy Floodplains Project. 

More than 95% of the landholders downstream of Pallamallawa were assessed for a floodplain harvesting 
(FPH) FPH entitlement, following registrations of interest. A comprehensive and detailed set of data for 
each individual property was collected, and a major model re-configuration and re-calibration was 
undertaken. 

Amendments to the previous WSP model can be grouped into following categories: 

• conceptual 
• configurational 
• level of development 
• management. 

A summary of all the changes to the MDBA BDL and WSP models is presented in the report on the BDL 
scenario for water planning in the Gwydir (update) (DoIW, 2018). 
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2.2.2 Conceptual and configuration changes 
The Gwydir–Gingham wetland area was represented with much more detail, and it was based on 2010 
hydrodynamic modelling. 

The availability of data on an individual farm scale from the FPH surveys allowed for more detailed 
modelling of the water users. Individual farms with unique farm management characteristics and water 
access (that is, instream, overland flow, and groundwater) were represented in the model, instead of being 
aggregated.  

2.2.3 Re-calibration 
The re-configured model was re-calibrated, allowing for consideration of more recent climatic data, noting 
that the Gwydir IQQM used for WSP and BP development was calibrated using pre-2000 data. This re-
calibration placed a greater focus on overland flow diversions, and mainstream flows, particularly during 
high flow periods, as well as conventional observations such as General Security and Supplementary 
Access diversions, crop areas, and storage volumes. The model was re-calibrated over the 2004–05 to 
2012–13 period and validated over the 1988–89 to 2015–16 period for overall system performance (that 
is, metered diversions, headwater storage behaviour and river flow) using key benchmark scenarios 
(1993–94, 1999–2000, and 2008–09 level of development and management conditions). 

The re-calibrated model included components of unregulated flow and groundwater usage to achieve 
water balance. This also required substantial revision of the amount of runoff harvested from rain falling on 
the farm area. These components are not reported as usage for Gwydir Regulated River take for WRP 
development purposes. 

2.2.4 Improved representation of WSP 
Several changes were made to improve how the model represented the WSP including how WaterNSW 
delivers and shares supplementary flow to irrigation water users in effluent channels, channel capacity 
constraints in the effluents and lower part of the river system, representation of low flow protection (3T) 
rule, and the resource assessment.  

2.2.5 Replenishment flows 
The WSP requires allowances from Copeton Dam to be set aside to replenish flows in the Gingham 
watercourse, Lower Gwydir, Thalaba creek, Mallowa creek, and Ballinboora creek. Original replenishment 
trigger rules were developed based on river operator’s advice in the mid-1990s. However, this was revised 
using data over the period 2000–2010. 

2.2.6 Environmental contingency allowance 
The operation of the environmental contingency allowance (ECA) was varied to reflect decisions made by 
the Gwydir Environmental Flow Reference Group on use of the ECA. It was updated to represent how 
ECA water was used between 2004–09, prior to the purchase or use of any Commonwealth water. A 
summary of pre-2009 ECA portfolio and its management modelling are presented in the report on BDL 
scenario for water planning in the Gwydir (update) (Department of Industry, 2018). It should be noted that 
modelling of this ECA behaviour referred to as pre-2009 has been enhanced after the previous version of 
this BDL Report was provided to SAP. 

2.2.7 Software and model upgrades 
Upgrades in software and consequent model configuration were also included. 

A number of model upgrades include conceptual changes/improvements related to individual farms 
modelling and FPH diversions. These include sequential filling/emptying of the on-farm storage (OFS), 
modelling of groundwater and unregulated entitlements, FPH diversions sources not being limited to the 

https://drive.google.com/open?id=1NHaZ1OA8t0mVTdc_HS8PHTu6uwgJ9cQj
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regulated river and separation of over-bank flow from in-stream losses. A number of code modifications 
and bug fixes also were done to enable enhanced representation of pre-2009 ECA behaviour. 

2.2.8 Differences between the PBP and BDL scenarios 
The PBP scenario is intended to estimate diversions based on conditions that currently1 exist. The major 
differences between the BDL and the PBP scenarios are:  

• the level of irrigation infrastructure including the volume and distribution of entitlements, area 
developed for irrigation and on-farm storage capacity 

• farm management arrangements such as area planted in response to water availability 
• storage operation and delivery patterns.  

These are summarised in Table 1. 

Most of the information regarding the on-farm infrastructure development and management used to derive 
the PBP scenario was sourced through the Healthy Floodplains Project. Other lines of evidence such as 
light detection and ranging (LIDAR) and Landsat data were used to validate and gap-fill data on storage 
capacity and irrigated areas. 

Updated information on the distribution of entitlements was accessed from the NSW Department of 
Primary Industries’ WAS database and transferred into the model component used to estimate irrigation 
diversions. Entitlement distribution at 2012–13 with adjustments for entitlements purchased by the 
Commonwealth was adopted in the PBP scenario2. 

Completion of the Lower Gingham and Lower Gwydir Domestic Water Supply Schemes in 2011 and the 
Mallowa-Ballinboora Creeks Water Efficiency Scheme in 2015 resulting from the Basin Pipe Project 
replaced WSP’s replenishment requirement for all stock and domestic schemes but the Thalaba creek. 
This resulted in a reduction of water set aside to replenishment requirements from 21 GL to 17 GL. Stock 
and domestic water requirement is met with a 400 ML (shares) HS entitlement and a 200 ML (shares) 
aquifer access entitlement. The savings from this scheme created 5,382 ML (shares) of HS entitlement 
and 2,286 ML (shares) of SA entitlements for environmental usage. These changes have been 
incorporated in the PBP model. 

The annual maximum volume that may be taken with a GS entitlement was modelled in accordance with 
the WSP as amended in 2014 as 3 ML per unit share; an increase from 1.25 ML per unit share previously 
allowed. This was changed to allow for better business flexibility to irrigation industry with no apparent 
impact on environmental flows. 

Table 1 summarises input parameters that are different between the updated BDL and PBP scenarios. 

  

                                                
1 Due to ongoing development ‘current’ development refers to the latest data available at the time of scenario configuration. 
2 As PBP scenario models all Commonwealth and state environmental entitlements as irrigation use (i.e. assuming the same pattern of use to 
avoid any third-party impact) these entitlements are simply added to 2012–13 entitlement of the water users from which the entitlements were 
purchased .  
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Table 1. Difference between updated BDL and PBP models 

Information item Updated BDL PBP 

Operating rules and development conditions 
Irrigation development 
Entitlements 

HS 1999–2000 2012–13 with buy-backs added 
GS + S&D 1999–2000 As above 
Supplementary 1999–2000 As above 
Groundwater on-allocation 1999–2000 2012–13 
Groundwater supplementary 1999–00 2015–16 

Farm development3 1999–2000 2013–144 
Replenishment allowance 1999–2000 2015–16 
Operating rules 
Maximum annual GS use Original WSP 2004 Amended WSP 2014 
Environmental licences 
NSW and Commonwealth HEW (water recovery) 

Entitlement 2008–09 2014–15 
HS Not applicable As irrigation entitlement at 2008/09 

GS and Supplementary5 As irrigation entitlement at 1999/00 As above 

Basin Pipe efficiency gains 
Entitlement Not applicable 2014–15 

HS Not applicable Fixed pattern 
Supplementary Not applicable Irrigation entitlement 

 

  

                                                
3 -  Include permanent and temporary OFS capacity, developed and non-developed farm area, and maximum planted areas. 
4 Based on the latest available estimate. The estimated is currently under review using remote sensing (LIDAR and Landsat data 
5  - Refers to entitlement distribution 
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3  Results 
Table 2 shows the average annual usage for different components of the models discussed. The results 
are limited to High and General Security on-allocation, supplementary access and stock and domestic 
(S&D) diversions. The scenario includes new methods to estimate FPH; however the development is not 
yet completed and has not been used to provide an updated estimate for FPH. An update to the floodplain 
harvesting estimate will be made at a future date as part of the Healthy Floodplains project. All other 
diversions are as per MDBA’s BDL estimates.  

Total non-FPH diversions under the PBP scenario are about 2% lower than under the BDL. This is 
primarily because of the significant increase in modelled FPH diversions (still in development) due to 
growth in irrigation infrastructure. It is anticipated that restriction in FPH take through licensing framework 
will result in higher regulated river take (that is, more in line with BDL take). 

It should be noted that while the long-term use of the replenishment flows, before and after the piping 
schemes is similar (6.4GL) the timing of releases and delivery losses are different. The net effect of these 
differences result in about 3 GL increase in general security diversions under PBP scenario relative to the 
BDL.  
Table 2. Comparison of results from updated BDL and PBP scenarios (1985–2009) 

Usage category Scenario 

Updated BDL Updated PBP 

Irrigation (long term average usage (GL/y) 

High Security 8.9 8.6 

General Security6 197.6 150.6 

Supplementary access8 81.6 73.7 

Subtotal 288.1 232.9 
Environment7   

NSW and Commonwealth HEW (HS) n/a 0.3 

NSW and Commonwealth HEW (GS) n/a 39.4 

NSW and Commonwealth HEW (SA) n/a 10.4 

Subtotal n/a 50.1 
TOTAL 288.1 283.0 

Instream  

ECA-Bird breeding and food sources 7.4 7.4 

ECA- Habitat and veg watering 5.2 5.2 

Total ECA 12.6 12.6 
Replenishment demand 6.7 0.1 

Basin Pipe efficiency gains  n/a 6.4 

 

  

                                                
6 - Include S&D diversions modelled together with GS entitlements and estimated based on the total entitlement ratio 
7 - Estimated based on the entitlement ratio    
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4 PBP and 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 PBP-014.sqq 

IQQM Version developed in 7.92.0 RC2 [Rev3375] 

Available Simulation Period 01/01/1890 to 30/06/2016 

Water Year July to June 

Catchment information 
Headwater storages modelled 

Copeton 
 Inactive storage (GL) 
 Full supply volume (GL) 

 
19 

1,364 

Dam Inflows (Long term average over simulation period GL/y)8 

Copeton 387 

Entitlements 
General Security (shares) 
High Security (shares) 
Town Water Supply (shares) 
Stock and domestic (shares)9 
Supplementary Access (shares) 
Groundwater 
Unregulated 
Domestic (shares) 

509,665 
14,878 
3,836 
2,744 

180,047 
20,282 
16,282 

400 

Irrigation development 
Maximum irrigable area (ha) 
Maximum planted in summer (ha) 
Maximum planted in winter (ha) 

129,864 
101,511 
17,582 

On-farm storage capacity10 (ML) 
Total 
Eligible for FPH 

 
621,125 
591,568 

Pump capacity11 [HS +GS +SA] (ML/d)12 20,060 

Accounting system 
Type 
Debiting type 
Water year 
Maximum Account Balance % 
Maximum use % of entitlement 

1-year 
3-year 

Continuous 
Water order 
July to June 

150 
 

300 
300 

                                                
8 Based on June to July water year over the 01/07/1895 to 30/06/2009 simulation period 
9 Modelled in combination with GS entitlements 
10 Based on the latest available estimate. The estimate is currently under review using remote sensing (LIDAR and Landsat data) 
11 This refers to the modelled maximum regulated river take rate, at which orders are made and metered diversions are extracted from the river 
12 Floodplain harvesting uses gravity methods which are additional to river pumps 
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Items Description 
On-farm storage operation 

Rainfall runoff harvesting 
Floodplain harvesting 
Airspace allowed 
Reserve 

Yes 
Yes 
Yes 
Yes 

Resource assessment 

Storage Reserve, GL 111 
TOL min share, % 10 
TOL max share, % 30 

Replenishment flows (ML/y) 

Gingham Watercourse 
Lower Gwydir 
Ballinbora Creek 
Mallowa Creek 
Thalaba Creek 

NIL 
NIL 
NIL 
NIL 

4,000 

Environmental water 

Environmental Contingency Allowance  (GS 
Shares) 45,000 

Basin Pipe efficiency gains (HS shares) 5,38213 

 

  

                                                
13 For consistency with modelling underpinning issued entitlement it is represented as HS License of 6,350 ML at Yarraman 
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