
  
 

 

 

 

 

 

 

 
 

Report to Murray-Darling Basin Authority 

December 2010 

Sustainable Extraction Limits Derived from the Recharge 
Risk Assessment Method – New South Wales (part 3) 
 
CSIRO and SKM 



Water for a Healthy Country Flagship Report series ISSN: 1835-095X 

 
Australia is founding its future on science and innovation. Its national science agency, CSIRO, is a powerhouse of 
ideas, technologies and skills.  

CSIRO initiated the National Research Flagships to address Australia’s major research challenges and 
opportunities. They apply large scale, long term, multidisciplinary science and aim for widespread adoption of 
solutions. The Flagship Collaboration Fund supports the best and brightest researchers to address these complex 
challenges through partnerships between CSIRO, universities, research agencies and industry.  

The Water for a Healthy Country Flagship aims to achieve a tenfold increase in the economic, social and 
environmental benefits from water by 2025. The work contained in this report is collaboration between CSIRO and 
SKM. 

For more information about Water for a Healthy Country Flagship or the National Research Flagship Initiative visit 
www.csiro.au/org/HealthyCountry.html 

 

Citation: CSIRO and SKM (2010) Sustainable extraction limits derived from the Recharge Risk Assessment 
Method – New South Wales (part 3). CSIRO: Water for a Healthy Country National Research Flagship. 115 pp.  
 

Copyright: 

© Commonwealth of Australia 2010 

This work is copyright. With the exception of the photographs, any logo or emblem, and any trademarks, the work 
may be stored, retrieved and reproduced in whole or in part, provided that it is not sold or used for commercial 
benefit. Any reproduction of information from this work must acknowledge the Murray–Darling Basin Authority, the 
Commonwealth of Australia or the relevant third party, as appropriate, as the owner of copyright in any selected 
material or information. Apart from any use permitted under the Copyright Act 1968 (Cth) or above, no part of this 
work may be reproduced by any process without prior written permission from the Commonwealth. Requests and 
inquiries concerning reproduction and rights should be addressed to the Commonwealth Copyright Administration, 
Attorney General’s Department, National Circuit, Barton ACT 2600 or posted at http://www.ag.gov.au/cca. 

 

Disclaimer:  

This document has been prepared for the Murray-Darling Basin Authority for general use and to assist public 
knowledge and discussion regarding the integrated and sustainable management of the Basin’s natural water 
resources. The opinions, comments and analysis (including those of third parties) expressed in this document are 
for information purposes only. This document does not indicate the Murray-Darling Basin Authority’s commitment 
to undertake or implement a particular course of action, and should not be relied upon in relation to any particular 
action or decision taken. Users should note that developments in Commonwealth policy, input from consultation 
and other circumstances may result in changes to the approaches set out in this document. 

 

Important Disclaimer: 

CSIRO advises that the information contained in this publication comprises general statements based on scientific 
research. The reader is advised and needs to be aware that such information may be incomplete or unable to be 
used in any specific situation. No reliance or actions must therefore be made on that information without seeking 
prior expert professional, scientific and technical advice. To the extent permitted by law, CSIRO (including its 
employees and consultants) excludes all liability to any person for any consequences, including but not limited to 
all losses, damages, costs, expenses and any other compensation, arising directly or indirectly from using this 
publication (in part or in whole) and any information or material contained in it. 

Cover Photograph: 
From CSIRO’s ScienceImage: www.scienceimage.csiro.au 
File: BU7167 
Description: Windmill pumping water from the River Murray near Purnong, SA. September 2007 
Photographer: Greg Rinder 
© 2008 CSIRO 

 

 

 



Acknowledgments 
Funding for this project was provided by the Murray-Darling Basin Authority under contract MD 1401. 

 

 

New South Wales RRAM Low Priority Part 2  © Commonwealth of Australia 2010 iii



Table of Contents 
Acknowledgments ................................................................................................................................ iii 
Executive Summary .............................................................................................................................. xi 
1 Sustainable extraction limits derived from the RRAM – New South Wales (part 3) .......... 1 

1.1 NSW Alluvium above the GAB (GS46) ............................................................................................................................ 1 
1.1.1 Background ....................................................................................................................................................... 1 
1.1.2 Salinity Zoning ................................................................................................................................................... 1 
1.1.3 Key environmental assets ................................................................................................................................. 2 
1.1.4 Key ecosystem function ..................................................................................................................................... 4 
1.1.5 Productive base ................................................................................................................................................. 4 
1.1.6 The risk matrix ................................................................................................................................................... 4 
1.1.7 Preliminary RRAM extraction limit ..................................................................................................................... 6 

1.2 NSW sediments above the GAB (GS49) ......................................................................................................................... 8 
1.2.1 Background ....................................................................................................................................................... 8 
1.2.2 Salinity zoning ................................................................................................................................................... 8 
1.2.3 Key environmental assets ................................................................................................................................. 9 
1.2.4 Key ecosystem function ..................................................................................................................................... 9 
1.2.5 Productive base ................................................................................................................................................. 9 
1.2.6 The risk matrix ................................................................................................................................................. 10 
1.2.7 Preliminary RRAM extraction limit ................................................................................................................... 11 

1.3 Western Porous Rock (GS63) ........................................................................................................................................ 13 
1.3.1 Background ..................................................................................................................................................... 13 
1.3.2 Salinity zoning ................................................................................................................................................. 13 
1.3.3 Key environmental assets ............................................................................................................................... 14 
1.3.4 Key ecosystem function ................................................................................................................................... 14 
1.3.5 Productive base ............................................................................................................................................... 15 
1.3.6 The risk matrix ................................................................................................................................................. 15 
1.3.7 Preliminary RRAM extraction limit ................................................................................................................... 17 

1.4 Eastern Porous Rock – Macquarie Castlereagh (GS26) ............................................................................................... 18 
1.4.1 Background ..................................................................................................................................................... 18 
1.4.2 Salinity zoning ................................................................................................................................................. 18 
1.4.3 Key environmental assets ............................................................................................................................... 19 
1.4.4 Key ecosystem function ................................................................................................................................... 19 
1.4.5 Productive base ............................................................................................................................................... 20 
1.4.6 The risk matrix ................................................................................................................................................. 20 
1.4.7 Preliminary RRAM extraction limit ................................................................................................................... 22 

1.5 Warrumbungle Basalt (GS62) ........................................................................................................................................ 24 
1.5.1 Background ..................................................................................................................................................... 24 
1.5.2 Salinity zoning ................................................................................................................................................. 24 
1.5.3 Key environmental assets ............................................................................................................................... 25 
1.5.4 Key ecosystem function ................................................................................................................................... 25 
1.5.5 Productive base ............................................................................................................................................... 25 
1.5.6 The risk matrix ................................................................................................................................................. 26 
1.5.7 Preliminary RRAM extraction limit ................................................................................................................... 27 

1.6 Oran e Basalt (GS53) .................................................................................................................................................... 29 g
1.6.1 Background ..................................................................................................................................................... 29 
1.6.2 Salinity zoning ................................................................................................................................................. 29 
1.6.3 Key environmental assets ............................................................................................................................... 30 
1.6.4 Key ecosystem function ................................................................................................................................... 30 
1.6.5 Productive base ............................................................................................................................................... 31 
1.6.6 The risk matrix ................................................................................................................................................. 31 
1.6.7 Preliminary RRAM extraction limit ................................................................................................................... 32 

1.7 Adelaide Fold Belt SDL area (GS19) ............................................................................................................................. 34 
1.7.1 Background ..................................................................................................................................................... 34 
1.7.2 Salinity zoning ................................................................................................................................................. 34 
1.7.3 Key environmental assets ............................................................................................................................... 35 
1.7.4 Key ecosystem function ................................................................................................................................... 35 
1.7.5 Productive base ............................................................................................................................................... 36 
1.7.6 The risk matrix ................................................................................................................................................. 36 
1.7.7 Preliminary RRAM extraction limit ................................................................................................................... 37 

1.8 Kanmantoo Fold Belt (GS29) ......................................................................................................................................... 38 
1.8.1 Background ..................................................................................................................................................... 38 
1.8.2 Salinity zoning ................................................................................................................................................. 38 
1.8.3 Key environmental assets ............................................................................................................................... 39 
1.8.4 Key ecosystem function ................................................................................................................................... 39 
1.8.5 Productive base ............................................................................................................................................... 39 
1.8.6 The risk matrix ................................................................................................................................................. 40 
1.8.7 Preliminary RRAM extraction limit ................................................................................................................... 41 

1.9 Lachlan Fold Belt - Lachlan (GS30) ............................................................................................................................... 42 
1.9.1 Background ..................................................................................................................................................... 42 
1.9.2 Salinity zoning ................................................................................................................................................. 42 
1.9.3 Key environmental assets ............................................................................................................................... 43 
1.9.4 Key ecosystem function ................................................................................................................................... 43 

© Commonwealth of Australia 2010  New South Wales RRAM Low Priority Part 2 iv



1.9.5 Productive base ............................................................................................................................................... 43 
1.9.6 The risk matrix ................................................................................................................................................. 44 
1.9.7 Preliminary RRAM extraction limit ................................................................................................................... 45 

1.10 Lachlan Fold Belt - Western (GS34) .............................................................................................................................. 47 
1.10.1 Background ..................................................................................................................................................... 47 
1.10.2 Salinity zoning ................................................................................................................................................. 47 
1.10.3 Key environmental assets ............................................................................................................................... 48 
1.10.4 Key ecosystem function ................................................................................................................................... 48 
1.10.5 Productive base ............................................................................................................................................... 48 
1.10.6 The risk matrix ................................................................................................................................................. 49 
1.10.7 Preliminary RRAM extraction limit ................................................................................................................... 50 

1.11 Lachlan Fold Belt - Murray (GS32) ................................................................................................................................ 52 
1.11.1 Background ..................................................................................................................................................... 52 
1.11.2 Salinity zoning ................................................................................................................................................. 52 
1.11.3 Key environmental assets ............................................................................................................................... 53 
1.11.4 Key ecosystem function ................................................................................................................................... 53 
1.11.5 Productive base ............................................................................................................................................... 54 
1.11.6 The risk matrix ................................................................................................................................................. 54 
1.11.7 Preliminary RRAM extraction limit ................................................................................................................... 55 

1.12 Lachlan Fold Belt - Macquarie Castlereagh (GS31) ...................................................................................................... 57 
1.12.1 Background ..................................................................................................................................................... 57 
1.12.2 Salinity zoning ................................................................................................................................................. 57 
1.12.3 Key environmental assets ............................................................................................................................... 58 
1.12.4 Key ecosystem function ................................................................................................................................... 58 
1.12.5 Productive base ............................................................................................................................................... 59 
1.12.6 The risk matrix ................................................................................................................................................. 59 
1.12.7 Preliminary RRAM extraction limit ................................................................................................................... 60 

1.13 New England Fold Belt - Namoi (GS52) ........................................................................................................................ 62 
1.13.1 Background ..................................................................................................................................................... 62 
1.13.2 Salinity zoning ................................................................................................................................................. 62 
1.13.3 Key environmental assets ............................................................................................................................... 63 
1.13.4 Key ecosystem function ................................................................................................................................... 63 
1.13.5 Productive base ............................................................................................................................................... 63 
1.13.6 The risk matrix ................................................................................................................................................. 64 
1.13.7 Preliminary RRAM extraction limit ................................................................................................................... 65 

1.14 New England Fold Belt – Gwydir (GS51) ....................................................................................................................... 67 
1.14.1 Background ..................................................................................................................................................... 67 
1.14.2 Salinity zoning ................................................................................................................................................. 67 
1.14.3 Key environmental assets ............................................................................................................................... 68 
1.14.4 Key ecosystem function ................................................................................................................................... 68 
1.14.5 Productive base ............................................................................................................................................... 69 
1.14.6 The risk matrix ................................................................................................................................................. 69 
1.14.7 Preliminary RRAM extraction limit ................................................................................................................... 70 

1.15 New England Fold Belt – Border Rivers (GS50) ............................................................................................................ 72 
1.15.1 Background ..................................................................................................................................................... 72 
1.15.2 Salinity zoning ................................................................................................................................................. 72 
1.15.3 Key environmental assets ............................................................................................................................... 73 
1.15.4 Key ecosystem function ................................................................................................................................... 73 
1.15.5 Productive base ............................................................................................................................................... 74 
1.15.6 The risk matrix ................................................................................................................................................. 74 
1.15.7 Preliminary RRAM extraction limit ................................................................................................................... 75 

1.16 Lachlan Fold Belt – Murrumbidgee (GS33) .................................................................................................................... 77 
1.16.1 Background ..................................................................................................................................................... 77 
1.16.2 Salinity zoning ................................................................................................................................................. 77 
1.16.3 Key environmental assets ............................................................................................................................... 78 
1.16.4 Key ecosystem function ................................................................................................................................... 79 
1.16.5 Productive base ............................................................................................................................................... 79 
1.16.6 The risk matrix ................................................................................................................................................. 80 
1.16.7 Preliminary RRAM extraction limit ................................................................................................................... 81 

1.17 Upper Darling Alluvium (GS55) ...................................................................................................................................... 83 
1.17.1 Background ..................................................................................................................................................... 83 
1.17.2 Salinity zoning ................................................................................................................................................. 83 
1.17.3 Key environmental assets ............................................................................................................................... 84 
1.17.4 Key ecosystem function ................................................................................................................................... 84 
1.17.5 Productive base ............................................................................................................................................... 84 
1.17.6 The risk matrix ................................................................................................................................................. 85 
1.17.7 Preliminary RRAM extraction limit ................................................................................................................... 86 

1.18 Lower Darling Alluvium (GS37) ...................................................................................................................................... 87 
1.18.1 Background ..................................................................................................................................................... 87 
1.18.2 Salinity Zoning ................................................................................................................................................. 87 
1.18.3 Key environmental assets ............................................................................................................................... 88 
1.18.4 Key ecosystem function ................................................................................................................................... 88 
1.18.5 Productive base ............................................................................................................................................... 88 
1.18.6 The risk matrix ................................................................................................................................................. 89 
1.18.7 Preliminary RRAM extraction limit ................................................................................................................... 90 

1.19 Invere  Basalt (GS28) .................................................................................................................................................... 91 ll
1.19.1 Background ..................................................................................................................................................... 91 
1.19.2 Salinity zoning ................................................................................................................................................. 91 
1.19.3 Key environmental assets ............................................................................................................................... 92 

New South Wales RRAM Low Priority Part 2  © Commonwealth of Australia 2010 v



1.19.4 Key ecosystem function ................................................................................................................................... 92 
1.19.5 Productive base ............................................................................................................................................... 92 
1.19.6 The risk matrix ................................................................................................................................................. 93 
1.19.7 Preliminary RRAM extraction limit ................................................................................................................... 94 

1.20 Liverpool Ranges Basalt (GS36) .................................................................................................................................... 96 
1.20.1 Background ..................................................................................................................................................... 96 
1.20.2 Salinity zoning ................................................................................................................................................. 96 
1.20.3 Key environmental assets ............................................................................................................................... 97 
1.20.4 Key ecosystem function ................................................................................................................................... 97 
1.20.5 Productive base ............................................................................................................................................... 97 
1.20.6 The risk matrix ................................................................................................................................................. 98 
1.20.7 Preliminary RRAM extraction limit ................................................................................................................... 99 

References ......................................................................................................................................... 101 
 

Tables 
Table 1 Groundwater take summary for the NSW Alluvium above the GAB SDL area ....................................................................... 1 
Table 2. Summary of salinity zones in the NSW Alluvium above the GAB SDL area ......................................................................... 2 
Table 3. Recharge calculation ............................................................................................................................................................. 4 
Table 4. Storage calculation ................................................................................................................................................................ 4 
Table 5. Risk matrix ............................................................................................................................................................................. 6 
Table 6. Preliminary extraction limit ..................................................................................................................................................... 6 
Table 7. Groundwater take summary for the NSW sediments above the GAB SDL area ................................................................... 8 
Table 8. Summary of salinity zones in the NSW sediments above the GAB SDL area ....................................................................... 9 
Table 9. Recharge calculation ........................................................................................................................................................... 10 
Table 10. Storage calculation ............................................................................................................................................................ 10 
Table 11. Risk matrix ......................................................................................................................................................................... 11 
Table 12. Preliminary extraction limit ................................................................................................................................................. 11 
Table 13. Revised rreliminary extraction limit .................................................................................................................................... 12 
Table 14. Groundwater take summary for the Western Porous Rock SDL area ............................................................................... 13 
Table 15. Summary of salinity zones in the Western Porous Rock SDL area ................................................................................... 14 
Table 16. Recharge calculation – WAVES modelling ........................................................................................................................ 15 
Table 17. Storage calculation ............................................................................................................................................................ 15 
Table 18. Risk matrix ......................................................................................................................................................................... 17 
Table 19. Preliminary extraction limit ................................................................................................................................................. 17 
Table 20. Groundwater take summary for the Eastern Porous Rock – Macquarie Castlereagh SDL area ....................................... 18 
Table 21. Summary of salinity zones in the Eastern Porous Rock – Macquarie Castlereagh SDL area ........................................... 19 
Table 22. Recharge calculation ......................................................................................................................................................... 20 
Table 23. Storage calculation ............................................................................................................................................................ 20 
Table 24. Risk matrix ......................................................................................................................................................................... 22 
Table 25. Extraction limit summary .................................................................................................................................................... 23 
Table 26. Groundwater take summary for the Warrumbungle Basalt SDL area ............................................................................... 24 
Table 27. Summary of salinity zones in Warrumbungle Basalt SDL area ......................................................................................... 25 
Table 28. Recharge calculation – WAVES ........................................................................................................................................ 25 
Table 29.  Storage calculation ........................................................................................................................................................... 26 
Table 30. Risk matrix ......................................................................................................................................................................... 27 
Table 31. Extraction limit summary .................................................................................................................................................... 28 
Table 32. Groundwater take summary for the Orange Basalt SDL area ........................................................................................... 29 
Table 33. Summary of salinity zones Orange Basalt SDL area ......................................................................................................... 30 
Table 34. Recharge calculation ......................................................................................................................................................... 31 
Table 35. Storage calculation ............................................................................................................................................................ 31 
Table 36. Risk matrix ......................................................................................................................................................................... 32 
Table 37. Preliminary Extraction limit summary ................................................................................................................................. 33 
Table 38. Groundwater take summary for the Adelaide Fold Belt SDL area ..................................................................................... 34 
Table 39. Summary of salinity zones in the Adelaide Fold Belt SDL area, ........................................................................................ 35 
Table 40. Recharge calculation ......................................................................................................................................................... 36 
Table 41. Storage calculation ............................................................................................................................................................ 36 
Table 42. Risk matrix ......................................................................................................................................................................... 37 
Table 43. Extraction limit summary .................................................................................................................................................... 37 
Table 44. Groundwater take summary for the Kanmantoo Fold Belt SDL area ................................................................................ 38 
Table 45. Summary of salinity zones in the Kanmantoo Fold Belt SDL area, ................................................................................... 39 

© Commonwealth of Australia 2010  New South Wales RRAM Low Priority Part 2 vi



Table 46. Recharge calculation ......................................................................................................................................................... 40 
Table 47. Storage calculation ............................................................................................................................................................ 40 
Table 48. Risk matrix ......................................................................................................................................................................... 41 
Table 49. Extraction limit summary .................................................................................................................................................... 41 
Table 50. Groundwater take summary for the Lachlan Fold Belt - Lachlan SDL area ...................................................................... 42 
Table 51. Summary of salinity zones in the Lachlan Fold Belt - Lachlan SDL area .......................................................................... 43 
Table 52. Recharge calculation ......................................................................................................................................................... 43 
Table 53. Storage calculation ............................................................................................................................................................ 44 
Table 54. Risk matrix ......................................................................................................................................................................... 45 
Table 55. Extraction limit summary .................................................................................................................................................... 46 
Table 56. Groundwater take summary for the Lachlan Fold Belt – Western SDL area ..................................................................... 47 
Table 57 .Summary of Salinity Zones in the Lachlan Fold Belt – Western SDL area, from the shallow salinity layer of the MDBA 
Basin in a Box dataset (MDBA, 2000) ............................................................................................................................................... 48 
Table 58. Recharge calculation ......................................................................................................................................................... 49 
Table 59. Storage calculation ............................................................................................................................................................ 49 
Table 60. Risk matrix ......................................................................................................................................................................... 50 
Table 61. Extraction limit summary .................................................................................................................................................... 50 
Table 62. Extraction limit summary .................................................................................................................................................... 51 
Table 63. Groundwater take summary for the Lachlan Fold Belt – Murray SDL area ....................................................................... 52 
Table 64. Summary of salinity zones in the Lachlan Fold Belt – Murray SDL area ........................................................................... 53 
Table 65. Recharge calculation ......................................................................................................................................................... 54 
Table 66. Storage calculation ............................................................................................................................................................ 54 
Table 67. Risk matrix ......................................................................................................................................................................... 55 
Table 68. Extraction limit summary .................................................................................................................................................... 56 
Table 69. Groundwater take summary for the Lachlan Fold Belt – Macquarie Castlereagh SDL area ............................................. 57 
Table 70 Summary of Salinity Zones in the Lachlan Fold Belt – Macquarie Castlereagh SDL area ................................................. 58 
Table 71. Recharge calculation ......................................................................................................................................................... 59 
Table 72. Storage calculation ............................................................................................................................................................ 59 
Table 73. Risk matrix ......................................................................................................................................................................... 60 
Table 74. Extraction limit summary .................................................................................................................................................... 61 
Table 75 Groundwater Take Summary for the New England Fold Belt – Namoi SDL area .............................................................. 62 
Table 76. Summary of salinity zones in the New England Fold Belt – Namoi SDL area ................................................................... 63 
Table 77. Recharge calculation ......................................................................................................................................................... 64 
Table 78. Storage calculation ............................................................................................................................................................ 64 
Table 79. Risk matrix ......................................................................................................................................................................... 65 
Table 80. Extraction limit summary .................................................................................................................................................... 66 
Table 81. Groundwater take summary for the New England Fold Belt – Gwydir SDL area .............................................................. 67 
Table 82 Summary of Salinity Zones in the New England Fold Belt – Gwydir SDL area .................................................................. 68 
Table 83. Recharge calculation ......................................................................................................................................................... 69 
Table 84. Storage calculation ............................................................................................................................................................ 69 
Table 85. Risk matrix ......................................................................................................................................................................... 70 
Table 86. Extraction limit summary .................................................................................................................................................... 71 
Table 87. Groundwater take summary for the New England Fold Belt – Border Rivers SDL area ................................................... 72 
Table 88. Summary of salinity zones in the New England Fold Belt – Border Rivers SDL area ....................................................... 73 
Table 89. Recharge calculation ......................................................................................................................................................... 74 
Table 90. Storage calculation ............................................................................................................................................................ 74 
Table 91. Risk matrix ......................................................................................................................................................................... 75 
Table 92. Extraction limit summary .................................................................................................................................................... 76 
Table 93. Groundwater take summary for the Lachlan Fold Belt – Murrumbidgee SDL area ........................................................... 77 
Table 94 Summary of Salinity Zones in the Lachlan Fold Belt – Murrumbidgee SDL area ............................................................... 78 
Table 95. Recharge calculation ......................................................................................................................................................... 79 
Table 96. Storage calculation ............................................................................................................................................................ 79 
Table 97. Risk matrix ......................................................................................................................................................................... 81 
Table 98. Extraction limit summary .................................................................................................................................................... 82 
Table 99. Groundwater take summary for the Upper Darling Alluvium SDL area ............................................................................. 83 
Table 100. Summary of salinity zones in the Upper Darling Alluvium SDL area ............................................................................... 84 
Table 101. Recharge calculation ....................................................................................................................................................... 85 
Table 102. Storage calculation .......................................................................................................................................................... 85 
Table 103. Risk matrix ....................................................................................................................................................................... 86 
Table 104. Extraction limit summary .................................................................................................................................................. 86 

New South Wales RRAM Low Priority Part 2  © Commonwealth of Australia 2010 vii



Table 105. Groundwater take summary for the Lower Darling Alluvium SDL area ........................................................................... 87 
Table 106. Summary of salinity zones in the Lower Darling Alluvium SDL area ............................................................................... 88 
Table 107. Recharge calculation – WAVES ...................................................................................................................................... 88 
Table 108. Storage calculation .......................................................................................................................................................... 89 
Table 109. Risk matrix ....................................................................................................................................................................... 89 
Table 110. Extraction limit summary .................................................................................................................................................. 90 
Table 111. Groundwater take summary for the Inverell Basalt SDL area ......................................................................................... 91 
Table 112. Summary of salinity zones in Inverell Basalt SDL area ................................................................................................... 92 
Table 113. Recharge calculation ....................................................................................................................................................... 92 
Table 114. Storage calculation .......................................................................................................................................................... 93 
Table 115. Risk matrix ....................................................................................................................................................................... 94 
Table 116. Extraction limit summary .................................................................................................................................................. 95 
Table 117. Groundwater take summary for the Liverpool Ranges Basalt SDL area ......................................................................... 96 
Table 118. Summary of salinity zones Liverpool Ranges Basalt SDL area ....................................................................................... 97 
Table 119. Recharge calculation ....................................................................................................................................................... 97 
Table 120. Storage calculation .......................................................................................................................................................... 98 
Table 121. Risk matrix ....................................................................................................................................................................... 99 
Table 122. Extraction limit summary ................................................................................................................................................ 100 
 

© Commonwealth of Australia 2010  New South Wales RRAM Low Priority Part 2 viii



New South Wales RRAM Low Priority Part 2  © Commonwealth of Australia 2010 ix

Figures 
Figure 1 NSW Alluvium above the GAB watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin in 
a Box dataset (MDBA, 2000) ............................................................................................................................................................... 2 
Figure 2 NSW Sediments above the GAB watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin 
in a Box dataset (MDBA, 2000) ........................................................................................................................................................... 9 
Figure 3 Western Porous Rock watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box 
dataset (MDBA, 2000) ....................................................................................................................................................................... 14 
Figure 4 Eastern Porous Rock – Macquarie Castlereagh watertable aquifer salinity distribution, from the shallow salinity layer of 
the MDBA Basin in a Box dataset (MDBA, 2000) .............................................................................................................................. 19 
Figure 5 Warrumbungle Basalt SDL area watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin 
in a Box dataset (MDBA, 2000) ......................................................................................................................................................... 25 
Figure 6 Orange Basalt SLD Unit watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box 
dataset (MDBA, 2000) ....................................................................................................................................................................... 30 
Figure 7 Adelaide Fold Belt salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box dataset (MDBA, 2000)
 ........................................................................................................................................................................................................... 35 
Figure 8 Kanmantoo Fold Belt salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box dataset (MDBA, 
2000) .................................................................................................................................................................................................. 39 
Figure 9 Lachlan Fold Belt - Lachlan salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box dataset 
(MDBA, 2000) .................................................................................................................................................................................... 43 
Figure 10 Lachlan Fold Belt – Western salinity distribution ............................................................................................................... 48 
Figure 11 Lachlan Fold Belt–  Murray salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box dataset 
(MDBA, 2000) .................................................................................................................................................................................... 53 
Figure 12 Lachlan Fold Belt – Macquarie Castlereagh salinity distribution, from the shallow salinity layer of the MDBA Basin in a 
Box dataset (MDBA, 2000) ................................................................................................................................................................ 58 
Figure 13 New England Fold Belt –- Namoi salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box dataset 
(MDBA, 2000) .................................................................................................................................................................................... 63 
Figure 14 New England Fold Belt – Gwydir salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box dataset 
(MDBA, 2000) .................................................................................................................................................................................... 68 
Figure 15 New England Fold Belt – Border Rivers salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box 
dataset (MDBA, 2000) ....................................................................................................................................................................... 73 
Figure 16 Lachlan Fold Belt – Murrumbidgee salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box 
dataset (MDBA, 2000) ....................................................................................................................................................................... 78 
Figure 17 Upper Darling Alluvium watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box 
dataset (MDBA, 2000) ....................................................................................................................................................................... 84 
Figure 18 Lower Darling Alluvium watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box 
dataset (MDBA, 2000) ....................................................................................................................................................................... 88 
Figure 19 Inverell Basalts SLD Unit watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin in a 
Box dataset (MDBA, 2000) ................................................................................................................................................................ 92 
Figure 20 Liverpool Ranges Basalt SLD Unit watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA 
Basin in a Box dataset (MDBA, 2000) ............................................................................................................................................... 96 



 Abbreviations 
CSIRO  Commonwealth Scientific and Industrial Research Organisation 

DECCW  Department of Environment, Climate Change and Water  

GL  Gigalitre  

GMA  Groundwater Management Area 

GMU  Groundwater Management Unit 

GS1*  Groundwater SDL area 1 

km2  kilometres squared 

m  metres 

MDB  Murray-Darling Basin 

MDBA  Murray-Darling Basin Authority 

mg/L  Milligrams per Litre 

mm  Millimetres 

N/A  Not Applicable 

NSW  New South Wales 

RRAM   Recharge Risk Assessment Method 

SDL   Sustainable Diversion Limit 

SF  Sustainability Factor 

SKM  Sinclair Knight Merz 

TDS  Total Dissolved Solids 

WAVES  Water Atmosphere Vegetation Energy Soil 

*The number at the end of the GS code is unique for each groundwater SDL area 

 

 

© Commonwealth of Australia 2010  New South Wales RRAM Low Priority Part 2 x



New South Wales RRAM Low Priority Part 2  © Commonwealth of Australia 2010 xi

 

Executive Summary 
The Murray-Darling Basin Authority has responsibility for development of the Basin Plan for the Murray-Darling Basin 
(MDB) as specified under the Water Act 2007. The Basin Plan must include a number of mandatory conditions, including 
the development of a sustainable diversion limit (SDL) for the MDB’s water resources. SDLs must encompass both 
surface water and groundwater. The SDL will limit the take of water for consumptive uses and is expressed as a volume.  

The Recharge Risk Assessment Method (RRAM) was developed to derive preliminary SDLs to inform the Basin Plan 
development process.  

The RRAM is based on the requirements of the Water Act 2007 and the expectation that SDLs will reflect an 
environmentally sustainable level of take. According to the RRAM, the level of take must not compromise the following 
characteristics of the resource; key environmental assets, key ecosystem functions, the productive base and key 
environmental outcomes. In general terms, the RRAM is based on setting an extraction limit by applying a sustainability 
factor to groundwater recharge. For more information regarding the methodology, refer to CSIRO (2010).  

In summary, for the New South Wales (part 3) SDL areas, the preliminary RRAM extraction limits that were calculated to 
inform the Basin Plan included: 

• extraction limits set to equal current groundwater use with a potential for further development up to the RRAM 
extraction limit, where an equivalent reduction in surface water is required to offset the additional groundwater 
take. This is on the basis of there being a 1:1 relationship between groundwater take and surface water 
streamflow reduction and occurred particularly for the extensive fractured rock aquifers (i.e. the Lachlan Fold 
Belt areas) and the basalt aquifers (such as the Inverell Basalt). 

• extraction limits that are greater than the volume of current groundwater use and therefore there is a volume of 
unassigned water associated with such units (i.e. the Sediments/Alluvium Above the GAB SDL areas).  

 
 



 

1 Sustainable extraction limits derived from the 
RRAM – New South Wales (part 3) 

1.1 NSW Alluvium above the GAB (GS46) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the recharge risk 
assessment method (RRAM) for the NSW Alluvium above the Great Artesian Basin (GAB) sustainable diversion limit 
(SDL) area. 

1.1.1 Background 

The NSW Alluvium above the GAB SDL area incorporates the shallow Quaternary and Tertiary sediments that overly the 
GAB sediments on the plains of northern New South Wales. The SDL area contains the lower reaches of the Barwon, 
Gwydir, Namoi and Castlereagh Rivers and the sediments of their recent and ancient pathways. This SDL area is located 
downstream of a number of groundwater management units (GMUs) associated with the major rivers in the area. 
Generally, the hydrogeology comprises undifferentiated alluvial deposits that have not been the focus of hydrogeological 
investigations. Further east the alluvial formations of the major river valleys contain coarse-grained materials, which 
grade laterally into the alluvial deposits of this SDL area. It is assumed that this alluvium is more fine grained than further 
east and does not contain widespread coarse deposits. 

Groundwater is used primarily for stock and domestic purposes and current groundwater use is 1.2 GL/year (Table 1). 
For more information regarding the source of the entitlement and use information, refer to CSIRO (2010).  

Table 1 Groundwater take summary for the NSW Alluvium above the GAB SDL area  

NSW Alluvium above the GAB SDL area GL/year 

Total 2007/2008 entitlement* 0.24 

Current use for entitlement bores** 0.15 

Estimated use for stock & domestic bores*** 1.0 

Total current use 
1.2 

*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.1.2 Salinity Zoning 

The NSW Alluvium above the GAB SDL area is predominantly characterised by groundwater of salinity zone 4. The 
groundwater salinity distribution can be seen in Figure 1 and is summarised in Table 2 and it is clear that the majority of 
the groundwater bores are located in zones of lower salinity, particularly in the north-east of the SDL area. 
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Figure 1 NSW Alluvium above the GAB watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin in a 
Box dataset (MDBA, 2000) 

Table 2. Summary of salinity zones in the NSW Alluvium above the GAB SDL area 

Watertable salinity zone Portion of total area  Area  

 percent km2 

Zone 1 (0–1500 mg/L TDS) 16 10,250 

Zone 2 (1500–3000 mg/L TDS) 2 1058 

Zone 3 (3000–14,000 mg/L TDS) 15 9871 

Zone 4 (>14,000 mg/L TDS) 67 42,227 

Water bodies 0 0 

Total 100 63,406 

1.1.3 Key environmental assets 

The Water Act 2007 requires that assessment of environmental water needs of the Basin must encompass key 
environmental assets, including water-dependent ecosystems, ecosystem services, and sites with ecological significance.  

The Murray-Darling Basin Authority has identified 18 key environmental assets – hydrologic indicator sites that drive the 
environmental hydrology of the Basin (MDBA, 2010). These 18 sites have been assessed to determine the objectives, 
targets and flow regimes required to sustain them. This information was input to the generation of an estimate of the 
long-term average sustainable diversion limits that will not compromise the water requirements for the rivers, wetlands 
and floodplains of the MDB. 

The NSW Alluvium above the GAB SDL area encompasses three of the 18 key environmental asset – hydrologic 
indicator sites identified by the Murray-Darling Basin Authority; the Narran Lakes, the Macquarie Marshes and the Gwydir 
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Wetlands. These sites are not considered groundwater dependent or sensitive to groundwater take, although the Gwydir 
Wetlands were investigated to an extent.  

The Gwydir Wetlands are located on the lower Gwydir River floodplain downstream of Moree and are of regional, 
national and international importance and cover an area of some 100,000 ha (Environment Australia, 2001). They are in 
two main areas: the Lower Gwydir Watercourse and the Gingham Watercourse just to the north. Portions of the Gwydir 
Wetlands provide a typical example of an inland terminal wetland delta system. Widespread inundation of the wetlands 
occurs primarily from floods arising in the upper catchment. Natural flooding is affected by large-scale water resource 
development and water extraction upstream of the wetlands. The Gingham Watercourse has virtually permanent water 
and is an important waterbird habitat.  

Figure 4 shows the hydrographs for bore GW36160 which is located at the western edge of the SDL area, in the vicinity 
of the wetlands. The bore has three pipes, two screen the Narrabri Formation and one screens the Gunnedah Formation.  

These hydrographs indicate a depth to watertable of approximately 17 m below natural surface. This suggests the 
wetland is either connected losing or disconnected from the watertable aquifer. Furthermore, given that the wetlands are 
not in an area of intensive development, they are likely to have a low sensitivity to pumping (DECCW, February 2010, 
pers. comm.).  

 

Figure 4 Hydrograph for groundwater monitoring bore site GW036160 (from Barnett, 2009) 

Outside of the 18 key environmental assets – hydrologic indicator sites, another nationally significant asset has been 
identified as being groundwater dependent. The Morella Watercourse/Boobera Lagoon/Pungbougal Lagoon 6 km south-
west of Goondiwindi in New South Wales is considered to be one of the most important Aboriginal places in eastern 
Australia. The Morella Watercourse/Boobera Lagoon/Pungbougal Lagoon is located on the Macintyre River floodplain. 
This area floods from the river approximately once in ten years on average. Boobera Lagoon is considered to be one of 
the most important Aboriginal places in eastern Australia. Local Aboriginal people believe the lagoon is the resting place 
of the rainbow serpent and the immediate area contains numerous Aboriginal artefacts.  

The Boobera Lagoon and Morella Watercourse are remnant features of the Macintyre River. In droughts the lagoon 
serves as a refuge for wildlife and stock. During high flows it helps to mitigate the effects of flooding. 

The vegetation associated with the lagoon includes an association of River Red Gum, Collibah and Mixed Bimble Box 
woodlands. These woodlands support a great range of animals including mammals, birds, reptiles, amphibians, fish, 
crustaceans and freshwater molluscs.  

The Boobera Lagoon and Morella Watercourse is a rare permanent water body in the arid Darling River region that also 
contains one of the most significant Aboriginal sites in south-east Australia.  

The level of groundwater dependency of this key environmental asset is unknown. However, as the wetland is a 
permanent water body that exists in an area of good quality groundwater it may potentially be groundwater dependent. 
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As extraction is also concentrated in this area, the risk of groundwater extraction negatively impacting the asset is 
considered high. However, local management rules can be implemented to mitigate the risk to the key environmental 
asset. With these local management rules in place the overall risk to the area is medium. 

1.1.4 Key ecosystem function 

The major rivers in the SDL area are highly regulated and are generally connected with the groundwater system. CSIRO 
(2008a) indicated that the rivers in this SDL area were mostly losing (variably low, medium, high and maximum loosing) 
with a low to medium gaining reach downstream of Moree where some of the major rivers converge. The change from 
losing to gaining in the west of the SDL area is likely to be related to flow systems of the underlying GAB aquifers. The 
key ecosystem function is considered to be at medium risk in this SDL area. 

1.1.5 Productive base 

Recharge 

Modelled dryland diffuse groundwater recharge derived from WAVES modelling (Crosbie et al., 2010) has been used to 
calculate recharge to the alluvial aquifer. The historical dry climate scenario results in recharge rates ranging from 1.1 to 
3.7 mm/year for salinity zone. This results in a total recharge of 122 GL/year within the SDL area (Table 3). 

Table 3. Recharge calculation  

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 10,250 1,058 9,871 42,227 

Diffuse recharge (mm/yr) 3.7 1.1 1.5 1.6 

Total recharge (GL/yr) 38 1.2 15 68 

Storage 

The vertical extent of the aquifer ranges from 40 to 120 m below ground (URS, 2008). A saturated thickness of 40 m has 
been assumed for input to the storage calculation. Given that there is no hydrogeological data specific to the NSW 
Alluvium above the GAB SDL area, a specific yield value of 10 percent has been used (Johnson, 1967), as it is typical of 
an alluvial aquifer with variable grain size. Based on these assumptions, the total groundwater storage for the area is 
253,624 GL (Table 4). 

Table 4. Storage calculation  

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 10,250 1,058 9,871 42,227 

Saturated thickness (m) 40 40 40 40 

Specific yield 0.1 0.1 0.1 0.1 

Total storage (GL) 41,000 4232 39,484 168,908 

Storage relative to recharge 

The ratio of storage to recharge ranges from 1079 to 3527 for each of the salinity zones. This indicates that there is a low 
risk of the productive base of the aquifer being jeopardised by factors such as climate change and the short-term over 
extraction of the groundwater resource. 

1.1.6 The risk matrix 

Table 5 provides a summary of the risk ranking associated with; key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary:  

• The SDL area is ranked medium risk in terms of environmental assets, with local management rules in place to 
protect the Morella Watercourse/Boobera Lagoon  
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• the SDL area is ranked medium risk in terms of ecosystem function, given that the alluvial aquifer and surface water 
features are highly connected and regulated  

• the SDL area is ranked low risk in terms of the productive base, given that the storage/recharge ratio is large  
• there is a risk to the key environmental outcomes (i.e. groundwater salinity) 
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc



Table 5. Risk matrix 
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1.1.7 Preliminary RRAM extraction limit 

The extraction limit resulting from the RRAM for the NSW Alluvium above the GAB SDL area is 28 GL/year (Table 6). 
This is greater than the volume of current use (i.e. 1.2 GL/year). This means there is a volume of unassigned water (27 
GL/year) associated with this area.  

Table 6. Preliminary extraction limit 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 37.9 1.2 14.8 67.6 

Sustainability factor 0.2 0.23 0.25 0.25 

Extraction limit (GL/yr) 7.6 0.27 3.7 17 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low-
moderate 
connection with 
the groundwater 
system (i.e. < 
50 % impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 
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1.2 NSW sediments above the GAB (GS49) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the NSW 
Sediments above the GAB SDL area. 

1.2.1 Background 

The NSW Sediments above the GAB SDL area incorporates the shallow Mesozoic sediments that overly the main GAB 
formations (as defined in the Water Sharing Plan for the New South Wales GAB (DWE, 2009)) in the plains of north-
western New South Wales. These are mostly shallow, deeply weathered materials with a thin layer of alluvial or 
windblown sediments ranging in grain size from gravels and sands to clays and extending up to 20 m (Quarantotto, 
1986). It should be noted that the SDL area does not include the southern reaches of Paroo and Warrego Rivers and 
associated deeper alluvial sequences. 

Groundwater is used primarily for stock and domestic purposes and current groundwater use is 1.0 GL/year (Table 7). 
For more information regarding the source of the entitlement and use information, refer to CSIRO (2010). 

Table 7. Groundwater take summary for the NSW sediments above the GAB SDL area  

NSW sediments above the GAB SDL area GL/year 

Total 2007/2008 entitlement* 0.31 
Current use for entitlement bores** 0.19 

Estimated use for stock & domestic bores*** 0.85 

Total current use 
1.0 

*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.2.2 Salinity zoning 

The NSW Sediments above the GAB SDL area is dominantly characterised by groundwater of salinity zone 3, along with 
significant areas of groundwater salinity zone 2. The groundwater salinity distribution can be seen in Figure 2 and is 
summarised in Table 8. The distribution of the salinity zones may be influenced by upward leakage from the GAB 
sediments as well as local recharge conditions. 
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Figure 2 NSW Sediments above the GAB watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin in a 
Box dataset (MDBA, 2000) 

 

Table 8. Summary of salinity zones in the NSW sediments above the GAB SDL area 

Watertable salinity zone Portion of total area  Area 

 percent km2 

Zone 1 (0–1500 mg/L TDS) 0.36 162 

Zone 2 (1500–3,000 mg/L TDS) 29 12,816 

Zone 3 (3000–14,000 mg/L TDS) 70 31,482 

Zone 4 (>14,000 mg/L TDS) 0.22 98 

Water bodies 0.89 399 

Total 100 44,957 

1.2.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the NSW Sediments above the GAB 
SDL area.  

1.2.4 Key ecosystem function 

There are no major rivers in this SDL area. The key ecosystem function is considered at low risk.  

1.2.5 Productive base 

Recharge 

Modelled dryland diffuse groundwater recharge derived from WAVES modelling (Crosbie et al., 2010) has been used to 
calculate recharge to the alluvial aquifer. The historical dry climate scenario, results in recharge rates ranging from 1.8 to 
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4.2 mm/year. This results in a total recharge of 184 GL/year within the SDL area (Table 9). Recharge due to throughflow 
and upward leakage from the GAB sediments have not been accounted for here. 

Table 9. Recharge calculation  

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 162 12,816 31,482 98 

Diffuse recharge (mm/yr) 3.6 4.2 4.1 1.8 

Total recharge (GL/yr) 0.58 54 129 0.18 

Storage 

The vertical extent of the alluvial sediments ranges up to 20 m (Quarantotto, 1986) and therefore a saturated thickness of 
the aquifer has been estimated at 15 m. Given that there is no hydrogeological data specific to the NSW Sediments 
above the GAB SDL area, a specific yield value of 10 percent has been used (Johnson, 1967), as it is typical of an 
alluvial aquifer with variable grain size. Based on these assumptions, groundwater storage for the shallow aquifer is 
66,837 GL (Table 10). 

Table 10. Storage calculation  

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 162 12,816 31,482 98 

Saturated thickness (m) 15 15 15 15 

Specific yield 0.1 0.1 0.1 0.1 

Total storage (GL) 243 19,224 47,223 147 

Storage relative to recharge 

The ratio of storage to recharge ranges from 356 to 817 for each of the salinity zones. This indicates that there is a low 
risk of the productive base of the aquifer being jeopardised by factors such as climate change and the short-term over 
extraction of the groundwater resource. 

1.2.6 The risk matrix 

Table 11 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependant in this area 

• the SDL area is ranked low risk in terms of ecosystem function, since there no major rivers in connection with the 
groundwater system which are likely to be influenced by groundwater pumping 

• the SDL area is ranked low risk in terms of the productive base, given that the storage/recharge ratio is >40  
• there is no risk to key environmental outcomes (i.e. groundwater salinity)  
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc



Table 11. Risk matrix 
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1.2.7 Preliminary RRAM extraction limit 

The extraction limit resulting from the RRAM for the NSW Sediments above the GAB SDL area is 97 GL/year (Table 12). 
This is greater than the volume of current use (1.0 GL/year). This means there is a volume of unassigned water (96 
GL/year) associated with this area.  

Table 12. Preliminary extraction limit 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 0.58 54 129 0.18 

Sustainability factor 0.53 0.53 0.53 0.53 

Extraction volume (GL/yr) 0.31 29 68 0.093 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low-
moderate 
connection with 
the groundwater 
system (i.e. < 
50 % impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 
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Where the volume of unassigned water is greater than 50 GL/year and greater than ten times the volume of current use, 
the preliminary RRAM derived extraction limit is superseded by an extraction limit equivalent to the medium risk ranking 
sustainability factor applied to recharge for that particular SDL area.  

Therefore, the revised preliminary estimated extraction limit resulting from the RRAM for the NSW Sediments above the 
GAB SDL area is 46 GL/year (Table 13). This exceeds the volume of current use (1.0 GL/year). This means there is a 
volume of unassigned water (45 GL/year) associated with this area.  

Table 13. Revised rreliminary extraction limit 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 0.58 54 129 0.18 

Sustainability factor 0.25 0.25 0.25 0.25 

Extraction limit (GL/yr) 0.15 13 32 0.044 
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1.3 Western Porous Rock (GS63) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the 
Western Porous Rock SDL area.  

1.3.1 Background 

The Western Porous Rock SDL area is located in the Murray Basin in south-west New South Wales. The SDL area 
incorporates all the major sedimentary aquifers in the region including the Renmark Group, the Murray Group Limestone 
and the Loxton-Parilla Sands. The Loxton-Parilla Sands grades to the Shepparton Formation to the east and north 
(Evans, 1988).  

The Renmark Group contains the basal aquifer within the sedimentary basin and is composed of alluvial sands and 
gravels with inter-bedded carbonaceous clayey units. The Murray Group Limestone is a consolidated limestone limited in 
its extent across the SDL area to the south-western parts, pinching out approximately beneath the Darling Anabranch. 
The Loxton-Parilla Sands overlie both the Murray Group and Renmark Group and consist of fine to coarse sands, whilst 
the Shepparton Formation is composed of fine-grained river and lake-deposited sediments. The clay-rich nature of this 
latter formation means it is characterised by low transmissivities.  

Groundwater quality in all aquifers is poor and consequently usage is limited, with domestic and stock use from the 
Renmark Group the most predominant. The watertable aquifer consists of the Loxton-Parilla Sands and the Shepparton 
Formation, which will be the focus of this RRAM assessment. The Renmark Group is thought to receive recharge via 
very slow leakage through the confining Ettrick Formation over much of the SDL area. It is however, considered a fossil 
resource for the purpose of this RRAM assessment. Current groundwater use is 29 GL/year (Table 14). For more 
information regarding the source of the entitlement and use information, refer to CSIRO (2010). 

Table 14. Groundwater take summary for the Western Porous Rock SDL area  

Western Porous Rock SDL area GL/year 

Total 2007/2008 entitlement* 4.2 
Current use for entitlement bores** 2.5 
Estimated use for stock & domestic bores*** 27 
Total current use 29 

*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.3.2 Salinity zoning 

The Western Porous Rock SDL area has some variability in the groundwater salinity, although it is dominated by poorer 
quality groundwater with TDS of greater than 3000 mg/L (~ 94 percent). Fresher pockets of groundwater (Zone 1 and 
Zone 2) do exist although their extent it limited mainly to areas in proximity to streams. The groundwater salinity 
distribution is shown in Figure 3and is summarised in Table 15Table 14. 



 

Figure 3 Western Porous Rock watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box dataset 
(MDBA, 2000) 

Table 15. Summary of salinity zones in the Western Porous Rock SDL area  

Watertable salinity zone Portion of total 
area  

Area  

 percent km2 

Zone 1 (0–1500 mg/L TDS) 
2.7 1,674 

Zone 2 (1500–3000 mg/L TDS) 
3.6 2,241 

Zone 3 (3000–14,000 mg/L TDS) 
35 21,705 

Zone 4 (>14,000 mg/L TDS) 
59 36,507 

Water bodies 
0.1 62 

Total 
100 62,189 

1.3.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the Western Porous Rock SDL area.  

1.3.4 Key ecosystem function 

The Darling River transects the Western Porous Rock SDL area; however, this river region is incorporated into the Lower 
Darling Alluvium SDL area. The Darling Anabranch is a regulated river that does occur within the SDL boundary. In its 
natural state, the Darling Anabranch is an ephemeral stream. However, water has been supplied to the Anabranch since 
1960s when the Menindee Lakes scheme was developed. Historically, water is released from Lake Cawndilla and 
ponded in approximately 17 weir pools.  

The Anabranch also receives inflows from several other sources including overland flows from the Darling River when 
flows exceed 10,000 ML/day, backwater from the River Murray, groundwater reservoirs (particularly in the lower reaches), 
and overland runoff after a rain event. There is interaction between shallow groundwater and surface waters in the 
Anabranch region. In the upper reaches of the Anabranch, recharge of the watertable from the river ensures acceptable 
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quality – albeit limited in quantity – stock water, but the lower end of the Anabranch is a groundwater-gaining system and 
salinity levels are higher (DECCW, 2008).  

Due to the highly regulated nature of the Anabranch, the minimal groundwater extraction, and the low to moderate 
connectivity, the key ecosystem function risk is considered to be low.  

1.3.5 Productive base 

Recharge 

Modelled dryland diffuse groundwater recharge derived from WAVES modelling (Crosbie et al., 2010) has been used to 
calculate recharge to the alluvial aquifer. The historical dry climate scenario, results in recharge rates ranging from 1.3 to 
2.4 mm/year. This results in a total recharge volume of 134 GL/year for the entire SDL area (Table 16).   

Table 16. Recharge calculation – WAVES modelling  

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 
1674 2241 21,705 36,507 

Diffuse recharge from WAVES 
modelling (mm/yr) 

1.4 1.3 1.9 2.4 
Total recharge (GL/yr) 

2.3 2.9 41 88 

Storage 

A specific yield of 0.1 has been used to calculate the storage of the Loxton-Parilla Sand (Urbano et al., 2004). There is 
little information specific to the aquifer in this region. Consequently this information is based on regional averages.  

Further, there is little information specific to the saturated aquifer thickness in the SDL area boundary. An approximate 
average saturated thickness of 25 m has been adopted (Evans, 1988).  

A total storage for the watertable aquifer of the Western Porous Rocks is estimated to be 155,318 GL (Table 17).  

Table 17. Storage calculation  

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 
1674 2241 21,705 36,507 

Saturated thickness (m) 
25 25 25 25 

Specific yield  
0.1 0.1 0.1 0.1 

Total storage (GL) 
4185 5,603 54,263 91,267 

Storage relative to recharge 

The ratio of storage to recharge ranges from 1,037 to 1,932 for each of the salinity zones. This indicates that there is a 
low risk of the productive base of the aquifer being jeopardised by factors such as climate change and the short-term 
over extraction of the groundwater resource. 

1.3.6 The risk matrix 

Table 18 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependent in this area 

• the SDL area is ranked low risk in terms of ecosystem function, given that the Darling River Anabranch is highly 
regulated and connectivity is considered to be less than 50 percent 

• the SDL area is ranked low risk in terms of the productive base, given that the storage/recharge ratio far exceeds 40  
• there is no risk to key environmental outcomes (i.e. groundwater salinity)   



© Commonwealth of Australia 2010  New South Wales RRAM Report (part 3) 16

• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 
WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc



Table 18. Risk matrix 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low-
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 

1.3.7 Preliminary RRAM extraction limit 

The extraction limit resulting from the RRAM for the Western Porous Rocks is 71 GL/year (Table 19). This is greater than 
the volume of current use (29 GL/year). This means there is a volume of unassigned water (42 GL/year) associated with 
this area.  

Table 19. Preliminary extraction limit 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 2.3 2.9 41 88 

Sustainability factor 0.53 0.53 0.53 0.53 

Extraction limit (GL/yr) 1.2 1.5 22 46 
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1.4 Eastern Porous Rock – Macquarie Castlereagh (GS26) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the 
Eastern Porous Rock – Macquarie Castlereagh SDL area.  

1.4.1 Background  

The Eastern Porous Rock – Macquarie Castlereagh SDL area comprises deposits of the Sydney Basin and the Oxley 
Basin. The Sydney Basin contains 4500 m of Permo-Triassic clastic sediments (Geoscience Australia, 2008a). The 
Oxley Basin contains a series of sandstone and shale units which are essentially a continuation of the formations of the 
GAB. The Oxley Basin sediments have been separated from the GAB because there are hydrogeological discontinuities 
between the two. The Sydney and Oxley Basins are extensive, lying at depth underneath other SDL areas; however their 
outcrop is limited to regions in the Namoi, Gwydir and Macquarie-Castlereagh Basins. The area of the Eastern Porous 
Rocks – Macquarie Castlereagh SDL area encompasses the outcropping Sydney Basin and Oxley Basin in the 
Macquarie Castlereagh catchment.  

Current groundwater use is 5.2 GL/year (Table 20). For more information regarding the source of the entitlement and use 
information, refer to CSIRO (2010). 

Table 20. Groundwater take summary for the Eastern Porous Rock – Macquarie Castlereagh SDL area  

Eastern Porous Rock – Macquarie Castlereagh SDL area GL/year 

Total 2007/2008 entitlement* 3.7 
Current use for entitlement bores** 2.2 
Estimated use for stock & domestic bores*** 3.0 
Total current use 5.2 

*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.4.2 Salinity zoning 

The Eastern Porous Rock – Macquarie Castlereagh SDL area groundwater is characterised by three salinity classes 
(Figure 4). Salinity is roughly evenly portioned between salinity zones 1, 2 and 3 (Table 21). 
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Figure 4 Eastern Porous Rock – Macquarie Castlereagh watertable aquifer salinity distribution, from the shallow salinity layer of the 
MDBA Basin in a Box dataset (MDBA, 2000) 

Table 21. Summary of salinity zones in the Eastern Porous Rock – Macquarie Castlereagh SDL area 

Watertable salinity zone Portion of total area  Area  

 percent km2 

Zone 1 (0–1500 mg/L TDS) 
37 2149 

Zone 2 (1500–3000 mg/L TDS) 
27 1588 

Zone 3 (3000–14,000 mg/L TDS) 
34 1996 

Zone 4 (>14,000 mg/L TDS) 0 0 

Water bodies 2 145 

Total 100 5878 

1.4.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the Eastern Porous Rock – Macquarie 
Castlereagh SDL area.  

1.4.4 Key ecosystem function 

The tributaries to the Castlereagh and Macquarie Rivers originate within the Eastern Porous Rock – Macquarie 
Castlereagh SDL area. These tributaries are unregulated and likely to have a strong connection with the sandstone and 
shale fractured rock groundwater aquifers. Baseflow analysis indicates that the average annual baseflow contribution 
from the upper Castlereagh River is 21 percent, meaning that 21 percent of annual flow is derived from baseflow (SKM, 
2003).  
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The key ecosystem function is considered at high risk in this area given that the aquifers and the unregulated streams 
are connected and the streams are gaining streams.  

1.4.5 Productive base 

Recharge 

Modelled dryland diffuse groundwater recharge derived from WAVES modelling (Crosbie et al., 2010) has been used to 
calculate recharge to the aquifer. The historical dry climate scenario, results in recharge rates ranging from 51 to 55 
mm/year. This results in a total recharge of approximately 303 GL/year for the SDL area (Table 22). 

Table 22. Recharge calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 
2149 1588 1996 

0 

Diffuse recharge from WAVES 
modelling (mm/yr) 

51 53 55 

N/A 

Total recharge (GL/yr) 
109 85 109 

N/A 

Storage 

There is no information available relative to the specific yield of the Eastern Porous Rock – Macquarie Castlereagh and 
therefore a value of 0.02 has been adopted which is typical for consolidated sandstone (Johnson, 1967).  

The Sydney Basin and Oxley Basin are extensive and attain significant thickness in areas. An average saturated 
thickness of the Eastern Porous Rock – Macquarie Castlereagh SDL area is assumed to be approximately 100 ms. The 
depth of this SDL area is substantially deeper than this value; however for the purposes of this assessment 100 m 
saturated thickness is sufficient to indicate that recharge is significantly lower than storage. Total storage of this SDL 
area is approximately 11,467 GL (Table 23). 

Table 23. Storage calculation  

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 2149 1588 1996 0 

Saturated thickness (m) 100 100 100 NA 

Specific yield  0.02 0.02 0.02 NA 

Total storage (GL) 4299 3176 3992 NA 

Storage relative to recharge 

The ratio of storage to recharge ranges between 37 and 39 for each of the salinity zones. This indicates that there is a 
medium risk of the productive base of the aquifer being jeopardised by factors such as climate change and the short-
term over extraction of the groundwater resource. 

1.4.6 The risk matrix 

Table 24 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependent in this area 

• the SDL area is ranked high risk in terms of ecosystem function, given that unregulated gaining rivers exist in this 
area with the fractured rock aquifers 

• the SDL area is ranked medium risk in terms of the productive base, given that the storage/recharge ratio is between 
20 and 40 

• there is no risk to the key environmental outcome (i.e. groundwater salinity)  
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• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 
WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc 
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Table 24. Risk matrix 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low-
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 

1.4.7 Preliminary RRAM extraction limit 

The preliminary estimated extraction limit resulting from the RRAM for the Eastern Porous Rock – Macquarie 
Castlereagh is 14 GL/year (Table 25). This is greater than the volume of current use (5.2 GL/year). However, given the 
high level of groundwater and surface water connectivity, the groundwater extraction limit will be set at current use. 
Further development of the groundwater system is feasible up to the RRAM derived extraction limit of 14 GL/year, where 
an equivalent reduction in surface water is acquired to offset the additional groundwater take on the basis of a 1:1 
relationship between groundwater take and surface water streamflow reduction. 



 

Table 25. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 109 85 109 
0 

Sustainability factor 0.04 0.045 0.05 
N/A 

Extraction limit (GL/yr) 4.4 3.8 5.5 
N/A 
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1.5 Warrumbungle Basalt (GS62) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the 
Warrumbungle Basalt SDL area.  

1.5.1 Background 

The Warrumbungle Basalt SDL area is located in northern New South Wales. The Warrumbungle Basalt is defined as 
being comprised predominantly of basalt, dolerite and trachytes. The Warrumbungle Basalts form the Warrumbungle 
Ranges.  

The Basalts form a fractured rock aquifer, with good groundwater quality and variable yields. Recharge to the basalt 
occurs mainly in the highlands on hilltops, whilst discharge is commonly at the break of slope and valley floors.  

The Warrumbungle Basalt SDL area does not have intense groundwater extraction occurring. Current groundwater use 
is 0.55 GL/year and is predominantly for domestic and stock purposes (Table 26). For more information regarding the 
source of the entitlement and use information, refer to CSIRO (2010). 

Table 26. Groundwater take summary for the Warrumbungle Basalt SDL area  

Warrumbungle SDL area GL/year 

Total 2007/2008 entitlement* 0.01 
Current use for entitlement bores** 0.01 
Estimated use for stock & domestic bores*** 0.54 
Total current use 0.55 
*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.5.2 Salinity zoning 

The figure below indicates that the entire Warrumbungle SDL area falls within salinity zone 1. Figure 5 shows the salinity 
distribution and Table 27 provides a summary of the salinity distribution. 
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Figure 5 Warrumbungle Basalt SDL area watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin in a 
Box dataset (MDBA, 2000) 

Table 27. Summary of salinity zones in Warrumbungle Basalt SDL area  

Watertable salinity zone Portion of total area  Area  

 percent km2 

Zone 1 (0–1500 mg/L TDS) 100 1100 

Zone 2 (1500–3000 mg/L TDS) 0 0 

Zone 3 (3000–14,000 mg/L TDS) 0 0 

Zone 4 (>14,000 mg/L TDS) 0 0 

Water bodies 0 0 

Total 100 1100 

1.5.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the Warrumbungle Basalt SDL area. 

1.5.4 Key ecosystem function 

The Warrumbungle Basalts form the Warrumbungle Ranges in the north of the Macquarie-Castlereagh Rivers catchment. 
Wallumburrawang Creek, a tributary of the Castlereagh River, originates in the Warrumbungle Ranges. 

The Wallumburrawang Creek is an unregulated river system.  Similar to the hydrogeomorphic classification developed in 
Braaten and Gates (2001), the small streams and rivers draining the high relief upland areas of the catchment are 
assumed to have high gradients, and small to non-existent alluvial systems. High rainfall and narrow floodplains produce 
shallow watertables and hydraulic connection between the river and aquifer. Highland river reaches are thought to derive 
a significant proportion of their flow as discharge from fractured rock aquifers with low hydraulic conductivities. As such, 
these river reaches are generally considered to be gaining at a low to moderate rate. This connection between 
groundwater and surface water of the Wallumburrawang Creek is further supported by the baseflow assessment 
completed by SKM (2003). A baseflow index of 0.20 was determined for stream gauge 420010, located at Bearbung on 
the Wallumburrawang Creek. This means that annually approximately 20 percent of the river flow is derived from 
baseflow.  

The risk to the key ecosystem function is high given unregulated gaining rivers exist in this area.  

1.5.5 Productive base 

Recharge 

Modelled dryland diffuse groundwater recharge derived from WAVES modelling (Crosbie et al., 2010) has been used to 
calculate recharge to the aquifer. The historical dry climate scenario, results in a recharge rate of 21 mm/year, which 
corresponds to a recharge volume of 23 GL/year for the SDL area (Table 28).   

Table 28. Recharge calculation – WAVES 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 1100 0 0 0 

Diffuse recharge from WAVES 
modelling (mm/yr) 

21 N/A N/A N/A 

Total recharge (GL/yr) 23 N/A N/A N/A 
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Storage 

Given a lack of information specific to the Warrumbungle Basalt, a typical specific yield value for basalt (0.02) has been 
utilised (Johnson, 1967).  

The thickness of the basalt aquifer in the SDL area is likely to be variable and largely unknown. The maximum drill depth 
of all extraction bores within the Warrumbungle Basalt SDL area is approximately 150 m. With a lack of any more 
specific information, a maximum saturated thickness of 150 m has been assumed.  

The total storage for the Warrumbungle Basalt SDL area is approximately 3301 GL (Table 29). 

Table 29.  Storage calculation  

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 1100 0 0 0 

Saturated thickness (m) 150 N/A N/A N/A 

Specific yield  0.02 N/A N/A N/A 

Total storage (GL) 3301 N/A N/A N/A 

Storage relative to recharge 

The ratio of storage to recharge is 144. This indicates that there is a low risk of the productive base of the aquifer being 
jeopardised by factors such as climate change and the short-term over extraction of the groundwater resource. 

1.5.6 The risk matrix 

Table 30 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependent in this area 

• the SDL area is ranked high risk in terms of ecosystem function, given that unregulated gaining rivers exist in this 
area 

• the SDL area is ranked low risk in terms of the productive base, given that the storage/recharge ratio exceeds 40 
• there is no risk to the key environmental outcome (i.e. groundwater salinity)  
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc
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Table 30. Risk matrix 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium 
EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 

1.5.7 Preliminary RRAM extraction limit 

The extraction limit resulting from the RRAM for the Warrumbungle Basalt SDL area is 1.2 GL/year (Table 31). This is 
greater than the volume of current use (0.55 GL/year). However, given the high level of groundwater and surface water 
connectivity, the groundwater extraction limit will be set at current use. Further development of the groundwater system 
is feasible up to the RRAM derived extraction limit of 1.2 GL/year, where an equivalent reduction in surface water is 
acquired to offset the additional groundwater take on the basis of a 1:1 relationship between groundwater take and 
surface water streamflow reduction. 



 

Table 31. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 23 0 0 0 

Sustainability factor 0.05 N/A N/A N/A 

Extraction limit (GL/yr) 1.2 N/A N/A N/A 
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1.6 Orange Basalt (GS53) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the Orange 
Basalt SDL area.  

1.6.1 Background 

The Orange Basalt SDL area is located in central-eastern New South Wales. It lies predominantly to the south of a large 
rural city, Orange.  

The Orange Basalt SDL area is comprised of numerous basalt extrusions associated with the Canobolas Complex. The 
aquifer is highly variable in its permeability and water yielding capability. The area ranges from open relatively wide 
fractures with considerable capacity for storage and transmission of water, to areas where fractures are rare and 
consequently the aquifer is a poor source of water. Current groundwater use in the Orange Basalt SDL area is 6.9 
GL/year (Table 32). For more information regarding the source of the entitlement and use information, refer to CSIRO 
(2010). 

Table 32. Groundwater take summary for the Orange Basalt SDL area  

Orange Basalt SDL area GL/year 

Total 2007/2008 entitlement* 9.5 

Current use for entitlement bores** 5.7 

Estimated use for stock & domestic bores*** 1.2 

Total current use 6.9 
*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.6.2 Salinity zoning 

The Orange Basalt SDL area is dominated by relatively fresh groundwater, with 89 percent of the area falling within 
salinity zone 1 (< 1500 mg/L TDS). The majority of the remaining area falls within salinity zone 2. The groundwater 
salinity distribution can be seen in Figure 6 and is summarised in Table 33. 
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Figure 6 Orange Basalt SLD Unit watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box 
dataset (MDBA, 2000) 

Table 33. Summary of salinity zones Orange Basalt SDL area  

Watertable salinity zone Portion of total area  Area  

 percent km2 

Zone 1 (0–1500 mg/L TDS) 89 869 

Zone 2 (1500–3000 mg/L TDS) 10 101 

Zone 3 (3000–14,000 mg/L TDS) 1 12 

Zone 4 (>14,000 mg/L TDS) 0 0 

Water bodies 0 0 

Total 100 982 

1.6.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the Orange Basalt SDL area. 

1.6.4 Key ecosystem function 

Flyers Creek is a tributary of Mandagery Creek upstream of its convergence with the Lachlan River. Flyers Creek is 
unregulated and annual average baseflow contribution has been estimated at 28 percent (SKM, 2003). This means that 
annually, 28 percent of streamflow is sourced from baseflow.  

The risk to the key ecosystem function is high, however this risk could be managed via local management rules and 
hence the mitigated risk in this area is medium.  
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1.6.5 Productive base 

Recharge 

Modelled dryland diffuse groundwater recharge derived from WAVES modelling (Crosbie et al., 2010) has been used to 
calculate recharge to the aquifer. The historical dry climate scenario, results in recharge rates ranging from 97 to 119 
mm/year, which corresponds to a recharge volume of 96 GL/year for the SDL area as a whole (Table 34).   

Table 34. Recharge calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 869 101 12 0 

Diffuse recharge from WAVES 
modelling (mm/yr) 97 105 119 N/A 

Total recharge (GL/yr) 84 11 1.4 N/A 

Storage 

Given a lack of information particular to this area, a specific yield value of 0.05 has been adopted, as it is a value typical 
of basalt (Johnson, 1967).  

The thickness of the Orange Basalt is largely unknown. Consequently, the depths of bores within the SDL area have 
been used to approximate this depth. The deepest recorded drill depth in the Orange Basalt SDL area is 200 m. An 
assumed average thickness of 100 m has therefore been adopted for the Orange Basalt.  

The total storage for the Orange Basalt SDL area is approximately 4910 GL (Table 35).  

Table 35. Storage calculation  

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 869 101 12 0 

Saturated thickness (m) 100 100 100 N/A 

Specific yield  0.05 0.05 0.05 N/A 

Total storage (GL) 4345 505 60 N/A 

Storage relative to recharge 

The ratio of storage to recharge ranges between 43 and 52. This indicates that there is a low risk of the productive base 
of the aquifer being jeopardised by factors such as climate change and the short-term over extraction of the groundwater 
resource. 

1.6.6 The risk matrix 

Table 36 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependant in this area 

• the SDL area is ranked medium risk in terms of ecosystem function, with local management rules to mitigate the risk 
to the small unregulated gaining streams 

• the SDL area is ranked low risk in terms of the productive base, given that the storage/recharge ratio is greater than 
40 

• there is no risk to the key environmental outcome (i.e. groundwater salinity)  
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc
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Table 36. Risk matrix 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 

1.6.7 Preliminary RRAM extraction limit 

The preliminary estimated extraction limit resulting from the RRAM for the Orange Basalt SDL area is 24 GL/year (Table 
37). This is greater than the volume of current use (6.9 GL/year). However, given the high level of groundwater and 
surface water connectivity, the groundwater extraction limit will be set at current use. Further development of the 
groundwater system is feasible up to the RRAM derived extraction limit of 24 GL/year, where an equivalent reduction in 
surface water is required to offset the additional groundwater take on the basis of a 1:1 relationship between 
groundwater take and surface water streamflow reduction. 
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Table 37. Preliminary Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 84 11 1.4 0 

Sustainability factor 0.25 0.25 0.25 N/A 

Extraction limit (GL/yr) 21 2.6 0.36 N/A 



 

1.7 Adelaide Fold Belt SDL area (GS19) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the 
Adelaide Fold Belt SDL area. 

1.7.1 Background 

The Adelaide Fold Belt SDL area is located in New South Wales on the northern boundary of the Murray-Darling Basin 
adjacent to the NSW/SA border. The SDL area encompasses part of the Barrier Ranges around Broken Hill; an uplifted 
rocky highland, where the local geological basement outcrops. The Unit contains part of the Willyama Supergroup and 
the Neoproterozoic Adeladian sequence (Geoscience Australia, 2008b). 

The highly deformed metasedimentary schists of the Willyama Supergroup have undergone significant metamorphism, 
predominantly comprising Paleo- to Neo-Proterozoic high grade metamorphic rocks. The Neoproterozoic Adeladian 
sequence comprises sedimentary rocks with minor basalt layers (Geoscience Australia, 2008b). 

The permeability and porosity of these rocks is typically low. Groundwater in the area is mainly contained within the faults, 
fractures and shear zones of the fractured rock aquifer. Current groundwater use in the Adelaide Fold Belt SDL area is 
3.0 GL/year (Table 38). For more information regarding the source of the entitlement and use information, refer to CSIRO 
(2010). 

Table 38. Groundwater take summary for the Adelaide Fold Belt SDL area 

Adelaide Fold Belt SDL area GL/year 

Total 2007/2008 entitlement* 1.5 

Current use for entitlement bores** 0.88 

Estimated use for stock & domestic bores*** 2.1 

Total Current Use 3.0 
*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.7.2 Salinity zoning 

Watertable aquifer groundwater salinity is primarily characterised by salinity zone 3 groundwater. Groundwater salinity 
distribution can be seen in Figure 7 and is summarised in Table 39. 

There is a lack of salinity data in the north and western sections of the SDL area and for the purpose of this RRAM 
assessment, these areas have been assumed to be characterised by salinity zone 3 groundwater.  
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Figure 7 Adelaide Fold Belt salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box dataset (MDBA, 2000) 

 

Table 39. Summary of salinity zones in the Adelaide Fold Belt SDL area,  

Watertable salinity zone Portion of total area  Area 

 percent km2 

Zone 1 (0–1500 mg/L TDS) 0 0 

Zone 2 (1500–3000 mg/L TDS) 0.2 9 

Zone 3 (3000–14,000 mg/L TDS) 85 4336 

Zone 4 (>14,000 mg/L TDS) 3 150 

No salinity coverage 11.5 587 

Total 100 5082 

1.7.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the Adelaide Fold Belt SDL area. 

1.7.4 Key ecosystem function 

There is limited information available regarding watercourses in this SDL area. The creeks are likely to be unregulated 
and ephemeral in nature. The key ecosystem function is considered to be at low risk in this area.  
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1.7.5 Productive base 

Recharge 

Recharge to the watertable aquifer occurs directly from rainfall where a proportion of rainfall percolates down to the 
watertable through the soil profile and fractures in the rock. Modelled dryland diffuse groundwater recharge derived from 
WAVES modelling (Crosbie et al., 2010) has been used to calculate recharge to the unconfined aquifer. The historical 
dry climate scenario, results in recharge rates ranging from 1.2 mm/year to 1.7 mm/year (Table 40). Total recharge 
across the SDL area equates to 6.1 GL/yr. 

Table 40. Recharge calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3  Salinity zone 4 

Area (km2) N/A 9.1 4,923 150 

Diffuse recharge from WAVES 
modelling (mm/yr) 

N/A 1.7 1.2 1.5 

Total recharge (GL/yr) N/A 0.015 5.9 0.23 

 

Storage 

Due to a lack of information specific to the Adelaide Fold Belt hydrogeological area, a typical specific yield value of 0.01 
has been adopted, which is typical for a fractured rock aquifer (Johnson, 1967). A saturated thickness of 100 m has been 
assumed for this area, in the absence of any available information. The total storage in the Adelaide Fold Belt SDL area 
is 5082 GL (Table 41).  

Table 41. Storage calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) N/A 9 4923 150 

Saturated thickness (m) N/A 100 100 100 

Specific yield  N/A 0.01 0.01 0.01 

Total storage (GL) N/A 9 4923 150 

Storage relative to recharge 

The ratio of storage to recharge for the Adelaide Fold Belt SDL area ranges from 600 to 834 for each of the salinity 
zones. This indicates that there is a low risk of the productive base of the aquifer being jeopardised by factors such as 
climate change and the short-term over extraction of the groundwater resource. 

1.7.6 The risk matrix 

Table 42 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependant in this area 

• the SDL area is ranked low risk in terms of ecosystem function 
• the SDL area is ranked low risk in terms of the productive base, given that the storage/recharge ratio far exceeds 40 
• there is no risk to the Key environmental outcome (i.e. groundwater salinity)  
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc. 



New South Wales RRAM Report (part 3)  © Commonwealth of Australia 2010 

 

37

Table 42. Risk matrix 

1.7.7 Preliminary RRAM extraction limit 

The extraction limit resulting from the RRAM for the Adelaide Fold Belt SDL area is 3.3 GL/year (Table 43). This is 
greater than the volume of current use (3.0 GL/year). This means there is a volume of unassigned water (0.3 GL/year) 
associated with this area.  

Table 43. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) N/A 0.015 5.9 0.23 

Sustainability factor N/A 0.53 0.53 0.53 

Extraction limit (GL/yr) N/A 0.0082 3.1 0.12 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 
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1.8 Kanmantoo Fold Belt (GS29) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the 
Kanmantoo Fold Belt SDL area. 

1.8.1 Background 

The Kanmantoo Fold Belt SDL area is located in north-western New South Wales and straddles part of the Upper Darling 
Alluvium. 

The uplifted rocky highland, where the local geological basement outcrops forming the Barrier ranges, occupies a 
significant portion of the Unit. These highly deformed metasedimentary schists of the Willyama Supergroup 
predominantly comprise Paleo- to Neo-Proterozoic high grade metamorphic rocks (Geoscience Australia, 2008b). 

Groundwater in the area is mainly contained within the faults, fractures and shear zones, which form the fractured rock 
aquifer. Permeability and porosity of these rocks is typically low and results in low yields and subsequently, limited 
groundwater extraction. Current groundwater use in the SDL area is 8.2 GL/year and is dominated by stock and 
domestic use (Table 44). For more information regarding the source of the entitlement and use information, refer to 
CSIRO (2010). 

Table 44. Groundwater take summary for the Kanmantoo Fold Belt SDL area 

Kanmantoo Fold Belt SDL area GL/year 

Total 2007/2008 entitlement* 0.01 

Current use for entitlement bores** 0.003 

Estimated use for stock & domestic bores*** 8.2 

Total current use 8.2 

*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.8.2 Salinity zoning 

Groundwater salinity is characterised by 4 salinity zones in the Kanmantoo Fold Belt SDL area. Most of the area is 
characterised by poor quality groundwater (i.e. salinity zone 3 and 4 groundwater). For the area of no salinity data to the 
west, this area has been assumed to equate to the salinity class adjacent to it.  

The groundwater salinity distribution can be seen in Figure 8 and is summarised in Table 45. 
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Figure 8 Kanmantoo Fold Belt salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box dataset (MDBA, 2000) 

 

Table 45. Summary of salinity zones in the Kanmantoo Fold Belt SDL area,  

Watertable salinity zone Portion of total area  Area  

Zone 1 (0–1500 mg/L TDS) 0.40 92 

Zone 2 (1500–3000 mg/L TDS) 7.3 1600 

Zone 3 (3000–14,000 mg/L TDS) 57 12,489 

Zone 4 (>14,000 mg/L TDS) 34 7302 

No data 1.5 319 

Total 100 21,807 

1.8.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the Kanmantoo Fold Belt SDL area. 

1.8.4 Key ecosystem function 

Unregulated tributaries of the Darling River exist in the Kanmantoo SDL area; however these small creeks are 
considered losing in nature. The risk to the key ecosystem function is low.  

1.8.5 Productive base 

Recharge 

Recharge to the watertable aquifer occurs directly from rainfall where a proportion of rainfall percolates down to the 
watertable through the soil profile. Modelled dryland diffuse groundwater recharge derived from WAVES modelling 
(Crosbie et al., 2010) has been used to calculate recharge to the unconfined area. The historical dry climate scenario, 
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results in recharge rates ranging from 2.1 to 2.5 mm/year depending on the salinity class (Table 46). Total recharge in 
the SDL area equates to 52 GL/year. 

Table 46. Recharge calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 92 1600 12,808  7302 

Diffuse recharge from WAVES 
modelling (mm/yr) 

2.1 2.2 2.5 2.2 

Total recharge (GL/yr) 0.19 3.5 32 16 

Storage 

Storage parameters specific to this area are not known. Therefore a typical specific yield for fractured rock aquifers, of 
0.01, has been adopted (Johnson, 1967). A saturated thickness of 100 m has been assumed. This results in a total 
storage of 21,802 GL (Table 47).  

Table 47. Storage calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 92 1600 12,808 7302 

Saturated thickness (m) 100 100 100 100 

Specific yield  0.01 0.01 0.01 0.01 

Total storage (GL) 92 1600 12,808 7302 

Storage relative to recharge 

The ratio of storage to recharge for the Kanmantoo Fold Belt SDL area ranges from 400 to 484 for each of the salinity 
zones. This indicates that there is a low risk of the productive base of the aquifer being jeopardised by factors such as 
climate change and the short-term over extraction of the groundwater resource. 

1.8.6 The risk matrix 

Table 48 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependent in this area 

• the SDL area is ranked low risk in terms of ecosystem function 
• the SDL area is ranked low risk in terms of the productive base, given that the storage/recharge ratio is greater than 

40 
• there is no risk to the key environmental outcome (i.e. groundwater salinity)  
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc.
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Table 48. Risk matrix 

1.8.7 Preliminary RRAM extraction limit 

The extraction limit resulting from the RRAM for the Kanmantoo Fold Belt SDL area is 27 GL/year (Table 49). This is 
greater than the volume of current use (8.2 GL/year). This means there is a volume of unassigned water (19 GL/year) 
associated with this area.  

Table 49. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 0.19 3.5 32 16 

Sustainability factor 0.53 0.53 0.53 0.53 

Extraction limit (GL/yr) 0.10 1.9 17 8.5 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 
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1.9 Lachlan Fold Belt - Lachlan (GS30) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the 
Lachlan Fold Belt – Lachlan SDL area. 

1.9.1 Background 

Lachlan Fold Belt – Lachlan SDL area is located in central western New South Wales, based around the upper reaches 
of the Lachlan River and its tributaries. 

The area contains the metamorphosed, typically Palaeozoic aged, rocks of the Lachlan Fold Belt, consisting of a range 
of different geologies including granites, volcanics and consolidated sediments (CSIRO, 2008b). Together these units 
form the fractured rock aquifer of the area. Groundwater is contained within the fractures of the consolidated rocks and 
dissolution cavities of limestone belts that can occur. In the valleys, minor alluvial sediments also contain small amounts 
of groundwater. Current groundwater use within the SDL area is 23 GL/year (Table 50). For more information regarding 
the source of the entitlement and use information, refer to CSIRO (2010). 

Table 50. Groundwater take summary for the Lachlan Fold Belt - Lachlan SDL area 

Lachlan Fold Belt – Lachlan SDL area GL/year 

Total 2007/2008 entitlement* 8.6 

Current use for entitlement bores** 5.2 

Estimated use for stock & domestic bores*** 18 
Total current use 23 

*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.9.2 Salinity zoning 

Watertable groundwater salinity is characterised by 4 salinity zones in the Lachlan Fold Belt - Lachlan SDL area. 
Groundwater salinity distribution can be seen in Figure 9 and is summarised in Table 51. 
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Figure 9 Lachlan Fold Belt - Lachlan salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box dataset (MDBA, 
2000) 

 

Table 51. Summary of salinity zones in the Lachlan Fold Belt - Lachlan SDL area 

Watertable zalinity zone Portion of total area  Area  

 percent km2 

Zone 1 (0–1500 mg/L TDS) 38 17,676 

Zone 2 (1500–3000 mg/L TDS) 25 11,589 

Zone 3 (3000–14,000 mg/L TDS) 28 13,025 

Zone 4 (>14,000 mg/L TDS) 9.4 4417 

Water bodies 0.20 92 

Total 100 46,799 

1.9.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the Lachlan Fold Belt – Lachlan SDL 
area. 

1.9.4 Key ecosystem function 

The Lachlan Fold Belt – Lachlan SDL area contains unregulated water courses, which include the upper reaches of the 
Lachlan River and its tributaries. These reaches are considered gaining in nature, with groundwater contributing to 
baseflow through the fractures of the fractured rock aquifers (CSIRO, 2008b). The risk to the key ecosystem function is 
therefore considered to be at high risk in this area.  

1.9.5 Productive base 

Recharge 

Recharge to these aquifers occurs directly from rainfall where a proportion of rainfall percolates down to the watertable 
through the soil profile. Modelled dryland diffuse groundwater recharge derived from WAVES modelling (Crosbie et al., 
2010) has been used to calculate recharge to the unconfined area. The historical dry climate scenario results in recharge 
rates ranging from 26 to 55 mm/year depending on the salinity zone (Table 52). Total recharge for the SDL area equates 
to 1803 GL/year. 

Table 52. Recharge calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 17,676 11,589 13,025 4417 

Diffuse recharge from WAVES modelling 
(mm/yr) 55 28 26 37 

Total recharge (GL/yr) 978 322 340 163 

Storage 

Storage parameters specific to this area do not exist and hence parameters common to this aquifer type have been 
adopted for the storage calculation. A specific yield of 0.01 (Johnson, 1967) and saturated thickness of 100 m, results in 
a total storage volume of 46,707 GL for this area (Table 53). 



 

Table 53. Storage calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 17,676 11,589 13,025 4417 

Saturated thickness (m) 100 100 100 100 

Specific yield  0.01 0.01 0.01 0.01 

Total storage (GL) 17,676 11,589 13,025 4417 

Storage relative to recharge 

The ratio of storage to recharge ranges from 18 to 38 for each of the salinity zones. This indicates that there is a high risk 
of the productive base of the aquifer being jeopardised by factors such as climate change and the short-term over 
extraction of the groundwater resource. 

1.9.6 The risk matrix 

Table 54 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependent in this area 

• the SDL area is ranked high risk in terms of ecosystem function, given that there are unregulated river reaches with 
fractured rock in this area 

• the SDL area is ranked high risk in terms of the productive base, given that the storage/recharge ratio is less than 20 
in salinity zone 1 

• there is no risk to the key environmental outcome (i.e. groundwater salinity)  
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc.
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Table 54. Risk matrix 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 

1.9.7 Preliminary RRAM extraction limit 

The extraction limit resulting from the RRAM for the Lachlan Fold Belt – Lachlan SDL area is 90 GL/year (Table 55). This 
is greater than the volume of current use (23 GL/year). However, given the high level of groundwater and surface water 
connectivity, the groundwater extraction limit will be set at current use. Further development of the groundwater system 
is feasible up to the RRAM derived extraction limit of 90 GL/year, where an equivalent reduction in surface water is 
required to offset the additional groundwater take on the basis of a 1:1 relationship between groundwater take and 
surface water streamflow reduction. 



 

Table 55. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 978 322 340 163 

Sustainability factor 0.05 0.05 0.05 0.05 

Extraction limit (GL/yr) 49 16 17 8.1 
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1.10 Lachlan Fold Belt - Western (GS34) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the 
Lachlan Fold Belt – Western SDL area. 

1.10.1 Background 

Lachlan Fold Belt – Western SDL area is located in western New South Wales, incorporating some of the Upper Darling 
River catchment and its tributaries. 

The area contains the deformed and metamorphosed, typically Palaeozoic aged rocks of the Lachlan Fold Belt. A range 
of different geologies are incorporated, including granites, volcanics, and consolidated sediments (CSIRO, 2008a). 
These geological units form the fractured rock aquifer of the area. 

Groundwater is contained mainly within the fractures of the consolidated rocks, which typically have low permeability and 
low yields. In the valleys, alluvial sediments also contain small amounts of groundwater. Current groundwater use within 
the SDL area is 1.2 GL/year (Table 56). For more information regarding the source of the entitlement and use information, 
refer to CSIRO (2010). 

Table 56. Groundwater take summary for the Lachlan Fold Belt – Western SDL area 

Lachlan Fold Belt - Western SDL area GL/year 

Total 2007/2008 entitlement* 1.0 

Current use for entitlement bores** 0.6 

Estimated use for stock & domestic bores*** 0.6 

Total current use 1.2 

*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.10.2 Salinity zoning 

Watertable aquifer groundwater salinity is characterised by four salinity zones in the Lachlan Fold Belt – Western SDL 
area. The groundwater salinity distribution can be seen in Figure 10 and is summarised in Table 57. 
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Figure 10 Lachlan Fold Belt – Western salinity distribution 

 

Table 57 .Summary of Salinity Zones in the Lachlan Fold Belt – Western SDL area, from the shallow salinity layer of the MDBA Basin in 
a Box dataset (MDBA, 2000) 

Watertable salinity zone Portion of total area  Area  

 percent km2 

Zone 1 (0–1500 mg/L TDS) 2 878 

Zone 2 (1500–3000 mg/L TDS) 20 7869 

Zone 3 (3000–14,000 mg/L TDS) 26 10,186 

Zone 4 (>14,000 mg/L TDS) 52 20,430 

Water bodies 1 270 

Total 100 39,632 

1.10.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the Lachlan Fold Belt – Western SDL 
area. 

1.10.4 Key ecosystem function 

The Lachlan Fold Belt – Western SDL area is conceptualised as having deeper groundwater levels that do not interact 
strongly with the small ephemeral creeks. The key ecosystem function is therefore at low risk in this area. 

1.10.5 Productive base 

Recharge 

Recharge to the watertable aquifer occurs directly from rainfall where a proportion of rainfall percolates down to the 
watertable through the soil profile. Modelled dryland diffuse groundwater recharge derived from WAVES modelling 
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(Crosbie et al., 2010) has been used to calculate recharge to the unconfined area. The historical dry climate scenario 
results in a recharge rates ranging from 4.9 to 7.7 mm/year to mm/year depending on the salinity zone (Table 58). Total 
recharge for the SDL area equates to 265 GL/year. 

Table 58. Recharge calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 878 7869 10,186 20,430 
Diffuse recharge from WAVES 
modelling (mm/yr) 6.3 6.6 4.9 7.7 

Total recharge (GL/yr) 5.5 52 50 157 

Storage 

Storage parameters specific to this area do not exist and therefore parameters typical of a fractured rock aquifer have 
been adopted for the purpose of the storage calculation. A specific yield of 0.01 (Johnson, 1967) and saturated thickness 
of 100 m equate to a total storage volume of 39,363 GL (Table 59).  

Table 59. Storage calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 878 7869 10,186 20,430 

Saturated thickness (m) 100 100 100 100 

Specific yield 0.01 0.01 0.01 0.01 

Total storage (GL) 878 7869 10,186 20,430 

Storage relative to recharge 

The ratio of storage to recharge for the Lachlan Fold Belt – Western SDL area ranges between 130 and 204 for each of 
the salinity zones. This indicates that there is a low risk of the productive base of the aquifer being jeopardised by factors 
such as climate change and the short-term over extraction of the groundwater resource. 

1.10.6 The risk matrix 

Table 60 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependent in this area 

• the SDL area is ranked low risk in terms of ecosystem function, given that there is a low degree of connectivity 
between the fractured rock aquifer and the ephemeral creeks in the area 

• the SDL area is ranked low risk in terms of the productive base, given that the storage/recharge ratio far exceeds 40 
• there is no risk to the key environmental outcome (i.e. groundwater salinity)  
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc.
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Table 60. Risk matrix 

1.10.7 Preliminary RRAM extraction limit 

The extraction limit resulting from the RRAM for the Lachlan Fold Belt – Western SDL area is 140 GL/year (Table 61). 
This is greater than the volume of current use (1.2 GL/year). This means there is a volume of unassigned water (139 
GL/year) associated with this area.  

Table 61. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 5.5 52 50 157 

Sustainability factor 0.53 0.53 0.53 0.53 

Extraction limit (GL/yr) 2.9 28 27 83 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 
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As the volume of unassigned water is greater than 50 GL/year and greater than one-hundred times the volume of current 
use, the preliminary RRAM derived extraction limit is superseded by an extraction limit equivalent to the high risk ranking 
sustainability factor. Based on this, the extraction limit resulting from the RRAM for the Lachlan Fold Belt – Western SDL 
area is 13 GL/year (Table 64). This is greater than the volume of current use (1.2 GL/year). This means there is a volume 
of unassigned water (12 GL/year) associated with this area. 

Table 62. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 5.5 52 50 157 

Sustainability factor 0.05 0.05 0.05 0.05 

Extraction limit (GL/yr) 0.28 2.6 2.5 7.9 

 



 

1.11 Lachlan Fold Belt - Murray (GS32) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the 
Lachlan Fold Belt – Murray SDL area. 

1.11.1 Background 

The Lachlan Fold Belt – Murray SDL area is located in southern New South Wales. The area is based around the 
headwaters of the Murray River, bounded by the Great Dividing Range to the east, the Murrumbidgee River catchment to 
the north and Victorian Murray Highlands to the south. 

Groundwater in the area is contained within fractured rock aquifers of the basement rocks typical of the Lachlan Fold Belt. 
These are predominantly consolidated sedimentary rocks with low permeability, where groundwater extraction is limited 
due to the low yields (CSIRO, 2008c). In the highland valleys where major creeks flow, alluvial deposits sometimes form 
localised aquifers with small volumes of groundwater. However, the main source of groundwater is within the fractured 
rock aquifers associated of the Lachlan Fold Belt.  

Current groundwater use within the SDL area is 5.1 GL/year (Table 63). For more information regarding the source of the 
entitlement and use information, refer to CSIRO (2010). 

Table 63. Groundwater take summary for the Lachlan Fold Belt – Murray SDL area 

Lachlan Fold Belt - Murray SDL area GL/year 

Total 2007/2008 entitlement* 4.0 

Current use for entitlement bores** 2.4 

Estimated use for stock & domestic bores*** 2.7 

Total current use 5.1 

*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.11.2 Salinity zoning 

Groundwater salinity is characterised by three salinity zones in the Lachlan Fold Belt – Murray SDL area, however is 
dominated by salinity zone 1 groundwater. The Groundwater salinity distribution can be seen in Figure 11 and is 
summarised in Table 64. 
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Figure 11 Lachlan Fold Belt–  Murray salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box dataset (MDBA, 
2000) 

 

Table 64. Summary of salinity zones in the Lachlan Fold Belt – Murray SDL area 

Watertable salinity zone Portion of total area  Area  

 percent km2 

Zone 1 (0–1500 mg/L TDS) 75 4383 

Zone 2 (1500–3000 mg/L TDS) 24 1428 

Zone 3 (3000–14,000 mg/L TDS) 0.3 17 

Zone 4 (>14,000 mg/L TDS) 0 0 

Water bodies 0.7 48 

Total 100 5876 

1.11.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the Lachlan Fold Belt – Murray SDL 
area.  

1.11.4 Key ecosystem function 

The Lachlan Fold Belt – Murray SDL area contains unregulated upland tributaries of the Murray River. These river 
reaches are likely to be gaining groundwater at low rates, as groundwater moves down gradient from fractures in high 
topographic areas to the streams and valley floors. The key ecosystem function is therefore considered at high risk in this 
area.  
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1.11.5 Productive base 

Recharge 

Modelled dryland diffuse groundwater recharge derived from WAVES modelling (Crosbie et al., 2010) has been used to 
calculate recharge to the unconfined area. The historical dry climate scenario results in recharge rates ranging from 13 
mm/year to 93 mm/year depending on the salinity zone of the area (Table 65). Total recharge for the SDL area equates 
to 511 GL/year. 

Table 65. Recharge calculation 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 4383 1428 17 N/A 

Diffuse recharge from WAVES 
modelling (mm/yr) 

93 73 13 N/A 

Total recharge (GL/yr) 407 104 0.21 N/A 

Storage 

Due to a lack of specific information on the aquifer parameters of the Lachlan Fold Belt – Murray, typical values have 
been adopted to calculate the aquifer storage. A specific yield of 0.01 is typical for fractured rock aquifer (Johnson, 1967). 
A saturated thickness of 100 m has been adopted. The total storage volume is 5828 GL (Table 66). 

Table 66. Storage calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 4383 1428 17 N/A 

Saturated thickness (m) 100 100 100 N/A 

Specific yield  0.01 0.01 0.01 N/A 

Total storage (GL) 4383 1428 17 N/A 

Storage relative to recharge 

The ratio of storage to recharge varies between 11 and 81. This indicates that there is a high risk of the productive base 
of the aquifer being jeopardised by factors such as climate change and the short-term over extraction of the groundwater 
resource. 

1.11.6 The risk matrix 

Table 67 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependent in this area 

• the SDL area is ranked high risk in terms of ecosystem function, given that there are unregulated gaining river 
reaches in this fractured rock aquifer SDL area 

• the SDL area is ranked high risk in terms of the productive base, given that the storage/recharge ratio ranges from 
14 to 80 

• there is no risk to the key environmental outcome (i.e. groundwater salinity) in this area 
• there is a high level of uncertainty given that the RRAM extraction limit is derived from diffuse groundwater recharge 

from WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc.



 

Table 67. Risk matrix 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 

1.11.7 Preliminary RRAM extraction limit 

The preliminary estimated extraction limit resulting from the RRAM for the Lachlan Fold Belt – Murray SDL area is 26 
GL/year (Table 68). This is greater than the volume of current use (5.1 GL/year). However, given the high level of 
groundwater and surface water connectivity, the groundwater extraction limit will be set at current use. Further 
development of the groundwater system is feasible up to the RRAM derived extraction limit of 26 GL/year, where an 
equivalent reduction in surface water is required to offset the additional groundwater take on the basis of a 1:1 
relationship between groundwater take and surface water streamflow reduction. 
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Table 68. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 407 104 0.21 N/A 

Sustainability factor 0.05 0.05 0.05 N/A 

Extraction limit (GL/yr) 20 5.2 0.011 N/A 
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1.12 Lachlan Fold Belt - Macquarie Castlereagh (GS31) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the 
Lachlan Fold Belt – Macquarie Castlereagh SDL area. 

1.12.1 Background 

Lachlan Fold Belt – Macquarie Castlereagh SDL area is located in central-western New South Wales and encompasses 
the upper reaches of the Macquarie and Castlereagh Rivers.  

The Lachlan Fold Belt – Macquarie Castlereagh area contains the deformed and metamorphosed rocks of the Lachlan 
Fold Belt, consisting of folded and fractured crystalline rocks (CSIRO, 2008d). Groundwater is contained within the 
fractures of these consolidated rocks, which have low permeability. In some highland valleys, alluvial sediments also 
contain small quantities of groundwater (CSIRO, 2008d). Current groundwater use within the SDL area is 48 GL/year 
(Table 69). For more information regarding the source of the entitlement and use information, refer to CSIRO (2010). 

Table 69. Groundwater take summary for the Lachlan Fold Belt – Macquarie Castlereagh SDL area 

Lachlan Fold Belt - Macquarie Castlereagh SDL area GL/year 

Total 2007/2008 entitlement* 29 

Current use for entitlement bores** 17 

Estimated use for stock & domestic bores*** 31 

Total current use 48 
*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.12.2 Salinity zoning 

Watertable aquifer groundwater salinity is characterised by four salinity zones in the Lachlan Fold Belt – Macquarie 
Castlereagh SDL area. The north western area is predominantly poorer quality water (i.e. >14,000 mg/L), whilst the 
south eastern area is fresher with salinities typically less than 1500 mg/L. The groundwater salinity distribution can be 
seen in Figure 12 and is summarised in Table 70 
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Figure 12 Lachlan Fold Belt – Macquarie Castlereagh salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box 
dataset (MDBA, 2000) 

 

Table 70 Summary of Salinity Zones in the Lachlan Fold Belt – Macquarie Castlereagh SDL area 

Watertable salinity zone Portion of total aea Area  

 percent km2 

Zone 1 (0–1500 mg/L TDS) 43 17,885 

Zone 2 (1500–3,000 mg/L TDS) 12 5034 

Zone 3 (3000–14,000 mg/L TDS) 7 2738 

Zone 4 (>14,000 mg/L TDS) 38 15,981 

Water bodies 0 33 

Total 100 41,670 

1.12.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the Lachlan Fold Belt – Macquarie 
Castlereagh SDL area. 

1.12.4 Key ecosystem function 

Although the main Macquarie River is highly regulated, the SDL area encompasses the unregulated upper reaches. 
These upland reaches are considered gaining in nature with groundwater contributing to baseflow through the fractures 
of the fractured rock aquifers (CSIRO, 2008d). The key ecosystem function is therefore considered at high risk in the 
area.  
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1.12.5 Productive base 

Recharge 

Recharge to these aquifers occurs directly from rainfall where a proportion of rainfall percolates down to the watertable 
through the soil profile and fractures in the rock. Modelled dryland diffuse groundwater recharge derived from WAVES 
modelling (Crosbie et al., 2010) has been used to calculate recharge to the unconfined aquifer of the area. The historical 
dry climate scenario results in recharge rates ranging from 11 mm/year to 51 mm/year depending on the salinity zone 
(Table 71). Total recharge for the SDL area equates to 1308 GL/yr. 

Table 71. Recharge calculation 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 17,885 5034 2738 15,981 

Diffuse recharge from WAVES 
modelling (mm/yr) 

51 29 27 11 

Total recharge (GL/yr) 912 144 73 179 

Storage 

Due to a lack of specific information on the aquifer parameters of the Lachlan Fold Belt – Macquarie Castlereagh, typical 
values have been adopted to calculate the aquifer storage. A specific yield of 0.01 is typical for fractured rock aquifer 
(Johnson, 1967). A saturated thickness of 100 m has been adopted. The total storage volume is 41,638 GL (Table 72). 

Table 72. Storage calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 17,885 5034 2738 15,981 

Saturated thickness (m) 100 100 100 100 

Specific yield  0.01 0.01 0.01 0.01 

Total storage (GL) 17,885 5034 2738 15,981 

Storage relative to recharge 

The ratio of storage to recharge ranges from 20 to 89 for each of the salinity zones. This indicates that there is a medium 
risk of the productive base of the aquifer being jeopardised by factors such as climate change and the short-term over 
extraction of the groundwater resource. 

1.12.6 The risk matrix 

Table 73 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependent in this area 

• the SDL area is ranked high risk in terms of ecosystem function, given that there are unregulated gaining river 
reaches with fractured rock in this area 

• the SDL area is ranked medium risk in terms of the productive base, given that the storage/recharge ratio is greater 
than 20 

• there is no risk to the key environmental outcome (i.e. groundwater salinity)  
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc.
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Table 73. Risk matrix 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 

1.12.7 Preliminary RRAM extraction limit 

The preliminary estimated extraction limit resulting from the RRAM for the Lachlan Fold Belt – Macquarie Castlereagh 
SDL area is 65 GL/year (Table 74). This is greater than the volume of current use (48 GL/year). However, given the high 
level of groundwater and surface water connectivity, the groundwater extraction limit will be set at current use. Further 
development of the groundwater system is feasible up to the RRAM derived extraction limit of 65 GL/year, where an 
equivalent reduction in surface water is required to offset the additional groundwater take on the basis of a 1:1 
relationship between groundwater take and surface water streamflow reduction.



 

Table 74. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 912 144 73 179 

Sustainability factor 0.05 0.05 0.05 0.05 

Extraction limit (GL/yr) 46 7.2 3.6 9.0 
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1.13 New England Fold Belt - Namoi (GS52) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the New 
England Fold Belt – Namoi SDL area. 

1.13.1 Background  

The New England Fold Belt – Namoi SDL area is located in north-eastern New South Wales and encompasses the 
upper reaches of the Namoi River and comprises Palaeozoic and Mesozoic rocks of the New England Fold Belt. 
Consolidated sedimentary rocks, metamorphic rocks and granites form the fractured rock aquifer (CSIRO, 2007a). Small, 
localised alluvial aquifers are also found in the valley bottoms but most groundwater of the area exists in the fractures 
and faults of the fractured rock aquifers. 

Current groundwater use within the SDL area is 16 GL/year (Table 75). For more information regarding the source of the 
entitlement and use information, refer to CSIRO (2010). 

Table 75 Groundwater Take Summary for the New England Fold Belt – Namoi SDL area 

New England Fold Belt – Namoi SDL area GL/year 

Total 2007/2008 entitlement* 11 

Current use for entitlement bores** 6.5 

Estimated use for stock & domestic bores*** 9.2 

Total current use 16 

*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.13.2 Salinity zoning 

Watertable aquifer groundwater salinity is characterised by three salinity zones in the New England Fold Belt – Namoi 
SDL area, however most of the area is characterised groundwater of salinity <1,500 mg/L. The groundwater salinity 
distribution can be seen in Figure 13 and is summarised in Table 76. 

 

© Commonwealth of Australia 2010  New South Wales RRAM Report (part 3) 62



 

 

Figure 13 New England Fold Belt –- Namoi salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box dataset 
(MDBA, 2000) 

Table 76. Summary of salinity zones in the New England Fold Belt – Namoi SDL area 

Watertable salinity zone Portion of total area  Area 

 percent km2 

Zone 1 (0–1500 mg/L TDS) 74 9093 

Zone 2 (1500–3000 mg/L TDS) 18 2178 

Zone 3 (3000–14,000 mg/L TDS) 7 802 

Zone 4 (>14,000 mg/L TDS) N/A N/A 

Water bodies 2 208 

Total 100 12,299 

1.13.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the New England Fold Belt – Namoi 
SDL area. 

1.13.4 Key ecosystem function 

The New England Fold Belt – Namoi SDL area contains tributaries of the Namoi and Peel Rivers that are unregulated 
and are considered to be gaining from the fractured rock aquifer systems in the upland reaches. The risk to the key 
ecosystem function is considered high.  

1.13.5 Productive base 

Recharge 

Recharge to these aquifers occurs directly from rainfall where a proportion of rainfall percolates down to the watertable 
through the soil profile and fractures in the rock. Modelled dryland diffuse groundwater recharge derived from WAVES 
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modelling (Crosbie et al., 2010) has been used to calculate recharge to the unconfined aquifer of the area. The historical 
dry climate scenario results in recharge rates ranging from 75 mm/year to 77 mm/year depending on the salinity zone 
(Table 77). Total recharge for the SDL area equates to 927 GL/year. 

Table 77. Recharge calculation 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 9093 2178 802 N/A 

Diffuse recharge from WAVES modelling 
(mm/yr) 77 75 75 N/A 

Total recharge (GL/yr) 703 164 60 N/A 

Storage 

There is no specific yield information available for the New England Fold Belt – Namoi and therefore a typical value of 
0.01 has been adopted (Johnson, 1967). An assumed saturated thickness of 100 m has also been adopted for the 
purpose of the storage calculation. The total storage volume is 12,074 GL (Table 78). 

Table 78. Storage calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 9093 2178 802 N/A 

Saturated thickness (m) 100 100 100 N/A 

Specific ield  0.01 0.01 0.01 N/A 

Total storage (GL) 9093 2178 802 N/A 

Storage relative to recharge 

The ratio of storage to recharge for the New England Fold Belt  – Namoi SDL area is 13 for each of the salinity zones. 
This indicates that there is a high risk of the productive base of the aquifer being jeopardised by factors such as climate 
change and the short-term over extraction of the groundwater resource. 

1.13.6 The risk matrix 

Table 79 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependent in this area 

• the SDL area is ranked high risk in terms of ecosystem function, given that there are unregulated gaining river 
reaches in this area, with fractured rock aquifers 

• the SDL area is ranked high risk in terms of the productive base, given that the storage/recharge ratio is less than 20 
• there is no risk to the key environmental outcome (i.e. groundwater salinity)  
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc.
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Table 79. Risk matrix 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow within 
50 years) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow within 
50 years) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 

1.13.7 Preliminary RRAM extraction limit 

The preliminary estimated extraction limit resulting from the RRAM for the New England Fold Belt – Namoi SDL area is 
46 GL/year (Table 80). This is greater than the volume of current use (16 GL/year). However, given the high level of 
groundwater and surface water connectivity, the groundwater extraction limit will be set at current use. Further 
development of the groundwater system is feasible up to the RRAM derived extraction limit of 46 GL/year, where an 
equivalent reduction in surface water is required to offset the additional groundwater take on the basis of a 1:1 
relationship between groundwater take and surface water streamflow reduction. 



 

Table 80. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 703 164 60 N/A 

Sustainability factor 0.05 0.05 0.05 N/A 

Extraction limit (GL/yr) 35 8.2 3.0 N/A 
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1.14 New England Fold Belt – Gwydir (GS51) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the New 
England Fold Belt – Gwydir SDL area. 

1.14.1 Background 

New England Fold Belt – Gwydir SDL area is located in north-eastern New South Wales and encompasses the upper 
reaches of the Gwydir River. 

The SDL area mainly consists of Devonian to Carboniferous rocks of the New England Fold Belt. The SDL area is 
comprised of Palaeozoic granites, consolidated sediments and metasediments (CSIRO, 2007b). These units form the 
fractured rock aquifer. Small, localised alluvial aquifers also exist in the valley floors; however the predominant 
groundwater development is sourced from the fractures rock aquifer. 

The low permeability and yields of the consolidated rocks means groundwater extraction is limited and hence primarily 
used for stock and domestic purposes. Current groundwater use within the SDL area is 4.1 GL/year (Table 81). For more 
information regarding the source of the entitlement and use information, refer to CSIRO (2010). 

Table 81. Groundwater take summary for the New England Fold Belt – Gwydir SDL area 

New England Fold Belt – Gwydir SDL area GL/year 

Total 2007/2008 entitlement* 1.8 

Current use for entitlement bores** 1.1 

Estimated use for stock & domestic bores*** 3.0 

Total current use 4.1 

*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.14.2 Salinity zoning 

Watertable aquifer groundwater salinity is characterised by three salinity zones in the New England Fold Belt – Gwydir 
SDL area, though it is dominated by the low salinity (<1,500 mg/L TDS) groundwater. The groundwater salinity 
distribution can be seen in Figure 14 and is summarised in Table 82. 
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Figure 14 New England Fold Belt – Gwydir salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box dataset 
(MDBA, 2000) 

 

Table 82 Summary of Salinity Zones in the New England Fold Belt – Gwydir SDL area 

Watertable salinity zone Portion of total area) Area) 

 percent km2 

Zone 1 (0–1500 mg/L TDS) 77 8052 

Zone 2 (1500–3000 mg/L TDS) 21 2220 

Zone 3 (3000–14,000 mg/L TDS) 0.34 35 

Zone 4 (>14,000 mg/L TDS) N/A N/A 

Water bodies 1.2 118 

Zone 1 (0–1500 mg/L TDS) 100 10,425 

1.14.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the New England Fold Belt – Gwydir 
SDL area. 

1.14.4 Key ecosystem function 

The New England Fold Belt  Gwydir SDL area contains tributaries of the Gwydir River that are unregulated and 
conceptualised as being baseflow streams. The key ecosystem function is at high risk in this area.  
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1.14.5 Productive base 

Recharge 

Modelled dryland diffuse groundwater recharge derived from WAVES modelling (Crosbie et al., 2010) has been used to 
calculate recharge to the unconfined aquifer of the area. The historical dry climate scenario results in recharge rates 
ranging from 47 mm/year to 74 mm/year depending on the salinity zone (Table 83). Total recharge for the SDL area 
equates to 575 GL/year. 

Table 83. Recharge calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 8052 2220 35 N/A 

Diffuse recharge from WAVES 
modelling (mm/yr) 

58 47 74 N/A 

Total recharge (GL/yr) 468 105 2.6 N/A 

Storage 

Due to a lack of specific information on the aquifer parameters of the New England Fold Belt – Gwydir, typical values 
have been adopted to calculate the aquifer storage. A specific yield of 0.01 is typical for fractured rock aquifer (Johnson, 
1967). A saturated thickness of 100 m has been adopted. The total storage volume is 10,307 GL (Table 84). 

Table 84. Storage calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 8052 2220 35 N/A 

Saturated thickness (m) 100 100 100 N/A 

Specific yield  0.01 0.01 0.01 N/A 

Total storage (GL) 8052 2220 35 N/A 

Storage relative to recharge 

The ratio of storage to recharge for the New England Fold Belt – Gwydir SDL area varies between 13 and 21. This 
indicates that there is a high risk of the productive base of the aquifer being jeopardised by factors such as climate 
change and the short-term over extraction of the groundwater resource. 

1.14.6 The risk matrix 

Table 85 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependant in this area 

• the SDL area is ranked high risk in terms of ecosystem function, given that there are unregulated gaining river 
reaches in this area 

• the SDL area is ranked high risk in terms of the productive base, given that the storage/recharge ratio is less than 20 
• there is no risk to the key environmental outcome (i.e. groundwater salinity)  
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc.
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Table 85. Risk matrix 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow within 
50 years) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow within 
50 years) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 

1.14.7 Preliminary RRAM extraction limit 

The preliminary estimated extraction limit resulting from the RRAM for the New England Fold Belt – Gwydir SDL area is 
29 GL/year (Table 86). This is greater than the volume of current use (4.1 GL/year). However, given the high level of 
groundwater and surface water connectivity, the groundwater extraction limit will be set at current use. Further 
development of the groundwater system is feasible up to the RRAM derived extraction limit of 29 GL/year, where an 
equivalent reduction in surface water is required to offset the additional groundwater take on the basis of a 1:1 
relationship between groundwater take and surface water streamflow reduction. 



 

Table 86. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 468 105 2.6 N/A 

Sustainability factor 0.05 0.05 0.05 N/A 

Extraction limit (GL/yr) 23 5.3 0.13 N/A 
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1.15 New England Fold Belt – Border Rivers (GS50) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the New 
England Fold Belt – Border Rivers SDL area 

1.15.1 Background 

New England Fold Belt – Border Rivers SDL area is located in north-eastern New South Wales and is based around the 
upland reaches of the Dumaresq River, south of the Queensland Border. The Unit mainly consists of Devonian to 
Carboniferous rocks of the New England Fold Belt. The fractures rock aquifer is made up of sandstone, granites, 
consolidated sedimentary rocks and volcanic rocks (CSIRO, 2007c). Small, localised alluvial aquifers are also found in 
the valley floors but contain only minor groundwater stores.  

The low yields associated with a mostly impermeable fractured rock aquifer means groundwater extraction is limited and 
hence primarily used for stock and domestic purposes. Current groundwater use within the SDL area is 3.4 GL/year 
(Table 87). For more information regarding the source of the entitlement and use information, refer to CSIRO (2010). 

Table 87. Groundwater take summary for the New England Fold Belt – Border Rivers SDL area 

New England Fold Belt – Border Rivers SDL area GL/year 

Total 2007/2008 entitlement* 1.9 

Current use for entitlement bores** 1.1 

Estimated use for stock & domestic bores*** 2.3 

Total current use 3.4 
*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.15.2 Salinity zoning 

Watertable aquifer groundwater salinity is characterised by two salinity zones, being less than <3,000 mg/L TDS, in the 
New England Fold Belt – Border Rivers SDL area. The groundwater salinity distribution can be seen in Figure 15 and is 
summarised in Table 88 
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Figure 15 New England Fold Belt – Border Rivers salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box dataset 
(MDBA, 2000) 

 

Table 88. Summary of salinity zones in the New England Fold Belt – Border Rivers SDL area 

Watertable salinity zone Portion of total area  Area  

 percent km2 

Zone 1 (0–1500 mg/L TDS) 74 7412 

Zone 2 (1500–3000 mg/L TDS) 25 2,504 

Zone 3 (3000–14,000 mg/L TDS) N/A N/A 

Zone 4 (>14,000 mg/L TDS) N/A N/A 

Water bodies 1 129 

Total 100 10,046 

1.15.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the New England Fold Belt – Border 
Rivers SDL area. 

1.15.4 Key ecosystem function 

The New England Fold Belt – Border Rivers SDL area contains tributaries of the Dumaresq River that are unregulated 
and considered to be gaining from the aquifer system in some reaches. The key ecosystem function is considered to be 
at high risk in this area.  
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1.15.5 Productive base 

Recharge 

Recharge to these aquifers occurs directly from rainfall where a proportion of rainfall percolates down to the watertable 
through the soil profile and fractures in the rock. Modelled dryland diffuse groundwater recharge derived from WAVES 
modelling (Crosbie et al., 2010) has been used to calculate recharge to the unconfined aquifer of the area. The historical 
dry climate scenario results in recharge rates ranging from 33 mm/year to 37 mm/year depending on the salinity zone 
(Table 89). Total recharge for the SDL area equates to 360 GL/year. 

Table 89. Recharge calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 7412 2504 N/A N/A 

Diffuse recharge from WAVES 
modelling (mm/yr) 

37 33 N/A N/A 

Total recharge (GL/yr) 277 82 N/A N/A 

Storage 

Due to the lack of available specific yield information for the New England Fold Belt – Border Rivers area, a value that is 
typical of a fractured rock aquifer (0.01) has been used (Johnson, 1967). An assumed saturated thickness of 100 m has 
also been adopted for the purpose of the storage calculation. Total storage is 9916 GL (Table 90). 

Table 90. Storage calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 7412 2504 N/A N/A

Saturated thickness (m) 100 100 N/A N/A

Specific yield  0.01 0.01 N/A N/A

Total storage (GL) 7412 2504 N/A N/A

Storage relative to recharge 

The ratio of storage to recharge ranges from 27 to 31 for each of the salinity zones. This indicates that there is a medium 
risk of the productive base of the aquifer being jeopardised by factors such as climate change and the short-term over 
extraction of the groundwater resource. 

1.15.6 The risk matrix 

Table 91 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependent in this area 

• the SDL area is ranked high risk in terms of ecosystem function, given that unregulated gaining rivers exist in this 
area 

• the SDL area is ranked medium risk in terms of the productive base, given that the storage/recharge ratio is between 
20 and 40 

• there is no risk to the key environmental outcome (i.e. groundwater salinity)  
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc.



New South Wales RRAM Report (part 3)  © Commonwealth of Australia 2010 

 

75

Table 91. Risk matrix 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow within 
50 years) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow within 
50 years) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 

1.15.7 Preliminary RRAM extraction limit 

The preliminary estimated extraction limit resulting from the RRAM for the New England Fold Belt – Border Rivers SDL 
area is 18 GL/yr (Table 92). This is greater than the volume of current use (3.4 GL/year). However, given the high level of 
groundwater and surface water connectivity, the groundwater extraction limit will be set at current use. Further 
development of the groundwater system is feasible up to the RRAM derived extraction limit of 18 GL/year, where an 
equivalent reduction in surface water is required to offset the additional groundwater take on the basis of a 1:1 
relationship between groundwater take and surface water streamflow reduction). 



 

Table 92. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 278 82 N/A N/A 

Sustainability factor 0.05 0.05 N/A N/A 

Extraction limit (GL/yr) 14 4.1 N/A N/A 
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1.16 Lachlan Fold Belt – Murrumbidgee (GS33) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the 
Lachlan Fold Belt – Murrumbidgee SDL area. 

1.16.1 Background 

Lachlan Fold Belt – Murrumbidgee SDL area is located in southern New South Wales, based around the upland reaches 
of the Murrumbidgee River.  

The Unit contains multiple geological units including Palaeozoic granites, volcanic and consolidated sediments, which 
make up the fractured rock aquifers of the area (CSIRO, 2008e). In the highland valleys where major creeks flow, 
alluvium deposits exist, which can contain groundwater in small quantities. Groundwater is mainly contained within 
fractures and cracks of the fractured rock aquifers. Current groundwater use in this SDL area is 31 GL/year (Table 93). 
For more information regarding the source of the entitlement and use information, refer to CSIRO (2010). 

Table 93. Groundwater take summary for the Lachlan Fold Belt – Murrumbidgee SDL area 

Lachlan Fold Belt – Murrumbidgee SDL area GL/year 

Total 2007/2008 entitlement* 12 

Current use for entitlement bores** 7.3 

Estimated use for stock & domestic bores*** 24 

Total current use 31 

*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.16.2 Salinity zoning 

Watertable aquifer groundwater salinity is characterised by four salinity zones in the Lachlan Fold Belt – Murrumbidgee 
SDL area. The groundwater salinity distribution can be seen in Figure 16 and is summarised in Table 94.  
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Figure 16 Lachlan Fold Belt – Murrumbidgee salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box dataset 
(MDBA, 2000) 

 

Table 94 Summary of Salinity Zones in the Lachlan Fold Belt – Murrumbidgee SDL area 

Watertable salinity zone Portion of total 
area  

Area  

 percent km2 

Zone 1 (0–1500 mg/L TDS) 65 28,097 

Zone 2 (1500–3000 mg/L TDS) 13 5581 

Zone 3 (3000–14,000 mg/L TDS) 18 7,581 

Zone 4 (>14,000 mg/L TDS) 3 1723 

Water bodies 1 328 

Total 100 43,310 

1.16.3 Key environmental assets 

There are four key environmental assets in this area;  

• Bethungra Dam Reserve 
• Big Badja Swamp 
• Tarcutta Creek  
• Adelong Creek. 

Information pertaining to the level of groundwater dependency of these assets is minimal, and appears to only be 
available for Tarcutta Creek and Adelong Creek. Based on the hydrogeological conceptualisation of these systems they 
have been assumed to be groundwater dependent.  

Adelong Creek is located in the south-east of the Murrumbidgee River catchment. Groundwater of the fractured rock 
aquifers is considered to be a contributor to baseflow in the creek (CSIRO, 2008e). A number of fish and terrestrial 
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species (e.g. the Macquarie Perch and the Southern Bell Frog) have been identified as threatened and it is recognised 
that baseflow must be fully protected from groundwater take (NCC, 2003). Current pressures on water resources, 
including the river system, mean that groundwater inflows are an important contributor to the flow of Adelong Creek.  

Tarcutta Creek initiates approximately 8 km from Laurel Hill (near Tumbarumba) and flows in a northerly direction, and 
joins the Murrumbidgee River at Borambola (DIPNR, 2004). Two main groundwater flow systems contribute to the 
regional ecosystem, including unconsolidated alluvial sediments and underlying fractured Ordovician metasediments in 
valleys and low lying areas. Tarcutta Creek has some dependency on groundwater and so the region’s ecosystem is 
potentially at high risk should watertable conditions change (PB, 2009).  

The Lachlan Fold Belt – Murrumbidgee is considered to be at high risk in terms of the environmental assets associated 
with it. 

1.16.4 Key ecosystem function 

The Lachlan Fold Belt – Murrumbidgee SDL area has several key environmental assets dependent on groundwater 
discharge including unregulated rivers dependent on baseflow contributions from the surrounding fractured rock aquifers. 
The key ecosystem function is therefore expected to be at high risk in this area. 

1.16.5 Productive base 

Recharge 

Recharge to these aquifers occurs directly from rainfall where a proportion of rainfall percolates down to the watertable 
through the soil profile and fractures in the rock. Modelled dryland diffuse groundwater recharge derived from WAVES 
modelling (Crosbie et al., 2010) has been used to calculate recharge to the unconfined aquifer of the area. The historical 
dry climate scenario results in recharge rates ranging from 18 mm/year to 57 mm/year depending on the salinity zone 
(Table 95). Total recharge for the SDL area equates to 2016 GL/year. 

Table 95. Recharge calculation 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 28,097 5581 7581 1723 

Diffuse recharge from WAVES modelling 
(mm/yr) 

57 43 18 26 

Total recharge (GL/yr) 1597 238 136 45 

Storage 

Due to a lack of available information relating to the specific yield of the Lachlan Fold Belt – Murrumbidgee, a typical 
value (0.01) has been adopted to calculate the aquifer storage (Johnson, 1967). An assumed saturated thickness of 100 
m has been adopted for the purpose of the storage calculation. The total storage volume is 42,983 GL (Table 96). 

Table 96. Storage calculation 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 28,097 5581 7581 1723 

Saturated thickness (m) 100 100 100 100 

Specific yield  0.01 0.01 0.01 0.01 

Total storage (GL) 28,097 5581 7581 1723 

Storage relative to recharge 

The ratio of storage to recharge ranges from 18 to 56 for each of the salinity zones. This indicates that there is a high risk 
of the productive base of the aquifer being jeopardised by factors such as climate change and the short-term over 
extraction of the groundwater resource. 
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1.16.6 The risk matrix 

Table 97 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, the 
productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked high risk in terms of environmental assets, given four exist in this area 
• the SDL area is ranked high risk in terms of ecosystem function, given that there are unregulated gaining river 

reaches in this area  
• the SDL area is ranked high risk in terms of the productive base, given that the storage/recharge ratio ranges from 

18 to 56 
• there is no risk to the key environmental outcome (i.e. groundwater salinity)  
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc.
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Table 97. Risk matrix 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow within 
50 years) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow within 
50 years) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 

1.16.7 Preliminary RRAM extraction limit 

The preliminary estimated extraction limit resulting from the RRAM for the Lachlan Fold Belt - Murrumbidgee SDL area is 
101 GL/year (Table 98). This is greater than the volume of current use (31 GL/year). However, given the high level of 
groundwater and surface water connectivity, the groundwater extraction limit will be set at current use. Further 
development of the groundwater system is feasible up to the RRAM derived extraction limit of 101 GL/year, where an 
equivalent reduction in surface water is required to offset the additional groundwater take on the basis of a 1:1 
relationship between groundwater take and surface water streamflow reduction.



 

Table 98. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 1597 238 136 45 

Sustainability factor 0.05 0.05 0.05 0.05 

Extraction volume (GL/yr) 80 12 6.8 2.3 
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1.17 Upper Darling Alluvium (GS55) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the Upper 
Darling Alluvium SDL area.  

1.17.1 Background 

The Upper Darling Alluvium SDL area is located in north-western New South Wales along the Darling River, between 
Bourke and Wilcannia. The alluvial sediments also extend northward along the Paroo and Warrego River drainages and 
are relatively thick with deeper sediments located within the trench eroded into GAB materials. The alluvial sediments are 
comprised of basal sands and gravels and generally become finer closer to the surface. 

The aquifer is recharged predominantly through river recharge during flood events and to a limited extent through diffuse 
rainfall recharge. The nature of the surface water – groundwater interaction is quite varied from maximum losing in the 
Warrego and Paroo Rivers (REM, 2004) to medium to low losing and low gaining along the Darling (CSIRO, 2008a). 

The Darling Salt Interception Scheme  also exists within this area and is located along the Glen Villa reach of the Darling 
River approximately 25 km down river from Bourke. The Darling Salt Interception Scheme consists of four pumping bores 
which remove shallow saline groundwater from the shallow aquifer and transport it to an evaporation basin some 
distance away from the river. The primary aim of the salt interception scheme is to reach river salinity targets at Morgan 
and this scheme contributes to that aim.  

The alluvial aquifer is used for stock and domestic purposes only and current groundwater use is 2.4 GL (Table 99). For 
more information regarding the source of the entitlement and use information, refer to CSIRO (2010). 

Table 99. Groundwater take summary for the Upper Darling Alluvium SDL area  

Upper Darling Alluvium SDL area GL/year 

Total 2007/2008 entitlement* 0.0 

Current use for entitlement bores** 0.0 

Estimated use for stock & domestic bores*** 2.4 

Total current use 2.4 

*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.17.2 Salinity zoning 

The Upper Darling Alluvium SDL area is characterised by four salinity zones that range from <1,500 mg/L to >14,000 
mg/L TDS. The salinity distribution can be seen in Figure 17 and is summarised in Table 100.  
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Figure 17 Upper Darling Alluvium watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box 
dataset (MDBA, 2000) 

Table 100. Summary of salinity zones in the Upper Darling Alluvium SDL area  

Watertable salinity zone Portion of total area  Area  

 percent km2 

Zone 1 (0–1500 mg/L TDS) 15 1289 

Zone 2 (1500–3000 mg/L TDS) 3 290 

Zone 3 (3000–14,000 mg/L TDS) 52 4540 

Zone 4 (>14,000 mg/L TDS) 30 2674 

Total 100 8793 

1.17.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the Upper Darling Alluvium SDL area.  

1.17.4 Key ecosystem function 

Given that there is a salt interception scheme in this area, the potential impact of reduced streamflow associated with 
groundwater pumping, is considered to be low.  

1.17.5 Productive base 

Recharge 

Modelled dryland diffuse groundwater recharge derived from WAVES modelling (Crosbie et al., 2010) has been used to 
calculate recharge to the alluvial aquifer. The historical dry climate scenario results in a total recharge of 9.0 GL/year 
within the SDL area (Table 101). Diffuse recharge is thought to be a minor recharge mechanism in the SDL and flood 
recharge is considered to play a more important role in recharging this aquifer. 
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Table 101. Recharge calculation  

  Salinity zone 1 Salinity zone 2  Salinity zone 3 Salinity zone 4 

Area (km2) 1289 290 4540  2674 

Diffuse recharge (mm/yr) 0.42 2.3 1.1  0.97 

Total recharge (GL/yr) 0.55 0.67 5.2  2.6 

Storage 
Given that there is no available hydrogeological data specific to the Upper Darling Alluvium, a specific yield value of 10 
percent has been used (Johnson, 1967), as it is typical of an alluvial aquifer with variable grain size. A saturated aquifer 
thickness of 15 m has been assumed in the absence of information. Based on these assumptions, groundwater storage 
is estimated at 13,189 GL for the entire area (Table 102). 

Table 102. Storage calculation  

 Salinity zone 1 Salinity Zone 2 Salinity Zone 3 Salinity Zone 4 

Area (km2) 1289 290 4540  2674 

Saturated thickness (m) 15 15 15 15 

Specific yield  0.1 0.1 0.1 0.1 

Total storage (GL) 1934 434 6810 4011 

Storage relative to recharge 

The ratio of storage to recharge ranges from 648 to 3516 for each of the salinity zones. This indicates that there is low 
risk of the productive base of the aquifer being jeopardised by factors such as climate change and the short-term over 
extraction of the groundwater resource. 

1.17.6 The risk matrix 

Table 103 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, 
the productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependant in this area 

• the SDL area is ranked low risk in terms of ecosystem function, given that a salt interception scheme exists in this 
area that aims to reduce groundwater baseflow to the river 

• the SDL area is ranked low risk in terms of the productive base, given that the storage/recharge ratio far greater than 
40 

• there is no risk to the key environmental outcome (i.e. groundwater salinity) 
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc.
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Table 103. Risk matrix 

1.17.7 Preliminary RRAM extraction limit 

The extraction limit resulting from the RRAM for the Upper Darling Alluvium SDL area is 4.8 GL/yr (Table 104). This is 
greater than the volume of current use (2.4 GL/year). This means there is a volume of unassigned water (2.4 GL/year) 
associated with this area.  

Table 104. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 0.55 0.67 5.2  2.6 

Sustainability factor 0.53 0.53 0.53 0.53 

Extraction limit (GL/yr) 0.29 0.35 2.7 1.4 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow within 
50 years) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow within 
50 years) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 
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1.18 Lower Darling Alluvium (GS37) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the Lower 
Darling Alluvium SDL area.  

1.18.1 Background 

The Lower Darling Alluvium SDL area incorporates the more recently deposited alluvial sediments similar to those found 
in the Murray trench that contain groundwater of variable quality. 

Current groundwater extraction in this area is 1.4 GL/year (Table 105) and is dominantly sourced from within close 
proximity to the river. For more information regarding the source of the entitlement and use information, refer to CSIRO 
(2010). 

Table 105. Groundwater take summary for the Lower Darling Alluvium SDL area  

Lower Darling Alluvium SDL area GL/year 

Total 2007/2008 entitlement* 0.81 
Current use for entitlement bores** 0.49 
Estimated use for stock & domestic bores*** 0.95 
Total current use 1.4 

*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.18.2 Salinity Zoning 

The Lower Darling Alluvium SDL area has highly variable groundwater salinity, with fresher groundwater in the upstream 
portion relative to the downstream portion of the area (Figure 18). Approximately half characterised by salinity zone 1 
and 2 groundwater and the other half by salinity zone 3 and 4 (Table 106).  
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Figure 18 Lower Darling Alluvium watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box 
dataset (MDBA, 2000) 

 

Table 106. Summary of salinity zones in the Lower Darling Alluvium SDL area  

Watertable salinity zone Portion of total area Area  

 percent km2 

Zone 1 (0–1500 mg/L TDS) 44 1746 

Zone 2 (1500–3000 mg/L TDS) 12 479 

Zone 3 (3000–14,000 mg/L TDS) 28 1122 

Zone 4 (>14,000 mg/L TDS) 16 652 

Total 100 3999 

1.18.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the Lower Darling Alluvium SDL area.  

1.18.4 Key ecosystem function 

The section of Darling River within this area is regulated and conceptualised as a losing stream. The risk to key 
ecosystem function is considered low for this area. 

1.18.5 Productive base 

Recharge 

Recharge to the Lower Darling Alluvium SDL area has been calculated using dryland diffuse groundwater recharge 
derived from WAVES modelling (Crosbie et al., 2010). The results generated for a historical dry climate scenario results 
in a total recharge of 3.7 GL/year for the SDL area as a whole (Table 107).  

Table 107. Recharge calculation – WAVES 

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 1746 479 1122 652 

Diffuse recharge from WAVES modelling 
(mm/yr) 0.40 0.21 1.2 2.4 

Total recharge (GL/yr) 0.71 0.10 1.3 1.6 

Storage 

The specific yield adopted for the alluvial deposits of the Darling River is 0.05. Given a lack of information specific to this 
area, this typical specific yield value for alluvial sediments has been utilised (Johnson, 1967).  

Total thickness of the alluvial formation in the Menindee region averages 30–40 m, ranging from 10–20 m over Miocene 
structural highs, to 50–60 m in deeper palaeochannels, such as those along the Blantyre and Menindee Troughs (Brodie, 
1994 from Lewis et. al., 2008). The depth to the water table in the Lower Darling Alluvium Groundwater Management 
Area is reported as approximately 15 m below natural surface (AWR, 2005). An average saturated thickness of 15 m has 
been adopted for the purpose of this storage calculation.  

The total storage for the Lower Darling Alluvium SDL area is approximately 3000 GL (Table 108). 



 

Table 108. Storage calculation  

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 
Area (km2) 1746 479 1122 652 

Saturated thickness (m) 15 15 15 15 

Specific yield  0.05 0.05 0.05 0.05 

Total storage (GL) 1310 359 842 489 

Storage relative to recharge 

The ratio of storage to recharge ranges between 306 and 3590. This indicates that there is a low risk of the productive 
base of the aquifer being jeopardised by factors such as climate change and the short-term over extraction of the 
groundwater resource. 

1.18.6 The risk matrix 

Table 109 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, 
the productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependent in this area 

• the SDL area is ranked low risk in terms of ecosystem function 
• the SDL area is ranked low risk in terms of the productive base, given that the storage/recharge ratio far exceeds 40 
• there is a risk to the key environmental outcome (i.e. groundwater salinity) 
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc. 

Table 109. Risk matrix 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem function OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive 
to take 

In the current state, 
groundwater 
discharge provides 
baseflow to the 
unregulated river 
reach. Groundwater 
extraction is likely to 
result in streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of the 
salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a measure 
to reduce risk to groundwater quality, 
the following reductions are made: 

Salinity class 1: reduce SF by 20% 

 

Salinity class 2: reduce SF by 10% 

 

Salinity classes 3 & 4: no reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well 
understood, metered 
extraction) there is no further 
reduction to the SF  

Where there is high 
uncertainty associated with 
the SDL (e.g. no numerical 
model available for 
comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further 
reduced by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive 
to take 

The rivers in the 
SDL unit are 
regulated and they 
are highly connected 
to the groundwater 
system (i.e. >50% 
impact of pumping 
on streamflow) 

Storage/ 
recharge 
20–40 

0.50
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Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem function OR Productive 
base 

Sustainability Key environmental outcome Degree of uncertainty 
factor (SF) 

Low EA that has a 
low groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate connection 
with the groundwater 
system (i.e. <50% 
impact of pumping 
on streamflow) 

Storage/ 
recharge 
>40 

0.70 Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well 
understood, metered 
extraction) there is no further 
reduction to the SF  

Where there is high 
uncertainty associated with 
the SDL (e.g. no numerical 
model available for 
comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further 
reduced by 25% 

1.18.7 Preliminary RRAM extraction limit 

The extraction limit resulting from the RRAM for the Lower Darling Alluvium SDL area is 1.9 GL/year (Table 110). This is 
greater than the volume of current use (1.4 GL/year). This means there is a volume of unassigned water (0.5 GL/year) 
associated with this area. 

Table 110. Extraction limit summary 

  Salinity zone 1 Salinity Zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 0.71 0.10 1.3 1.6 

Sustainability factor 0.42 0.47 0.53 0.53 

Extraction limit (GL/yr) 0.30 0.047 0.70 0.84 
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1.19 Inverell Basalt (GS28) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the Inverell 
Basalt SDL area.  

1.19.1 Background 

The Inverell Basalt SDL area is located in north-eastern New South Wales. Inverell is the major town in the region and 
groundwater extraction is primarily focussed around this area.  

The Inverell Basalt SDL area is predominantly comprised of alkaline olivine basalt and weathered volcaniclastic rocks, 
with an approximate maximum thickness of 80 m (Geoscience Australia, 2010). The Basalt is a fractured rock aquifer 
with relatively good groundwater quality and low yields; averaging between 1 to 2 L/sec. Recharge to the basalt occurs 
mainly on hilltops and slopes with discharge areas at the break-of-slope and as baseflow to streams and valley floors 
(CSIRO, 2007b).  

Current groundwater use is 2.9 GL/year (Table 111). For more information regarding the source of the entitlement and 
use information, refer to CSIRO (2010). 

Table 111. Groundwater take summary for the Inverell Basalt SDL area  

Inverell Basalt SDL area GL/year 

Total 2007/2008 entitlement* 3.0 
Current estimated use for entitlement bores** 1.8 
Estimated use for stock & domestic bores*** 1.1 
Total current use 2.9 
*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.19.2 Salinity zoning 

Groundwater in the Inverell Basalt SDL area is predominantly fresh, with 90 percent of the area characterised by salinity 
zone 1. Groundwater salinity distribution can be seen in Figure 19 and is summarised in Table 112.  
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Figure 19 Inverell Basalts SLD Unit watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin in a Box 
dataset (MDBA, 2000) 

 

Table 112. Summary of salinity zones in Inverell Basalt SDL area  

Watertable salinity zone Portion of total area  Area (km2) 

 percent km2 

Zone 1 (0–1500 mg/L TDS) 90 1567 

Zone 2 (1500–3000 mg/L TDS) 10 183 

Zone 3 (3000–14,000 mg/L TDS) 0 0 

Zone 4 (>14,000 mg/L TDS) 0 0 

Water bodies 0 0 

Total 100 1750 

1.19.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the Inverell Basalt SDL area.  

1.19.4 Key ecosystem function 

The Macintyre River runs through the Inverell Basalt SDL area. The Macintyre River is unregulated with an average daily 
flow of 154 ML/day, as measured at stream gauge 416016. An annual average baseflow contribution to total streamflow 
of approximately 20 percent has been determined (SKM, 2003). As the river is unregulated, and dependent on 
groundwater to maintain flow, the risk to the key ecosystem function is considered high.  

1.19.5 Productive base 

Recharge 

Recharge has been calculated by dryland diffuse groundwater recharge derived from WAVES modelling (Crosbie et al., 
2010). The results generated are for a historical dry climate scenario. The total recharge across the whole Inverell Basalt 
DSL Unit is 82 GL/year (Table 113). 

Table 113. Recharge calculation 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 1567 183 0 0 

WAVES recharge (mm/yr) 47 41 N/A N/A 

Total recharge (GL/yr) 74 7.5 N/A N/A 

Storage 

The specific yield adopted for the basaltic deposits of the Inverell Basalt SDL area is 0.02. Given a lack of information 
particular to this area, a typical specific yield value for basalt has been used (Johnson, 1967).  

The maximum thickness of the Inverell Basalts is approximately 80 m. Due to a lack of information on the average 
saturated thickness of the basalt, it has been assumed that the average thickness would be approximately 60 metres and 
the average saturated thickness would be approximately 50 m.   

The total storage for the Inverell Basalt SDL area is approximately 1750 GL (Table 114). 
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Table 114. Storage calculation  

 Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 1567 183 0 0 

Saturated thickness (m) 50 50 N/A N/A 

Specific yield  0.02 0.02 N/A N/A 

Total storage (GL) 1567 183 N/A N/A 

Storage relative to recharge 

The ratio of storage to recharge ranges from 21 to 24 for each of the salinity zones. This indicates that there is a medium 
risk of the productive base of the aquifer being jeopardised by factors such as climate change and the short-term over 
extraction of the groundwater resource. 

1.19.6 The risk matrix 

Table 115 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, 
the productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependent in this area 

• the SDL area is ranked high risk in terms of ecosystem function, given that unregulated gaining river reaches exist in 
this area 

• the SDL area is ranked medium risk in terms of the productive base, given that the storage/recharge ratio is between 
20 and 40 

• there is no risk to the key environmental outcome (i.e. groundwater salinity)  
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc. 
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 Table 115. Risk matrix 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow within 
50 years) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow within 
50 years) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 

1.19.7 Preliminary RRAM extraction limit 

The preliminary estimated extraction limit resulting from the RRAM for the Inverell Basalt SDL area is 4.1 GL/year (Table 
116). This is greater than the volume of current use (2.9 GL/year). However, given the high level of groundwater and 
surface water connectivity, the groundwater extraction limit will be set at current use. Further development of the 
groundwater system is feasible up to the RRAM derived extraction limit of 4.1 GL/year, where an equivalent reduction in 
surface water is acquired to offset the additional groundwater take on the basis of a 1:1 relationship between 
groundwater take and surface water streamflow reduction. 



 

Table 116. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 74 7.5 0 0 

Sustainability factor 0.05 0.05 N/A N/A 

Extraction limit (GL/yr) 3.7 0.38 N/A N/A 
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1.20 Liverpool Ranges Basalt (GS36) 

This chapter describes the derivation of the preliminary estimated extraction limit resulting from the RRAM for the 
Liverpool Ranges Basalt SDL area.  

1.20.1 Background 

The Liverpool Ranges Basalt SDL area is located in central-eastern New South Wales. It is comprised of multiple 
Tertiary basalt flows with intervening sediments and ash fall material, overlying Jurassic quartz sandstones and shale. 
There is no apparent eruption centre and it is likely that the basalt came from numerous basalt dykes which fed small 
vents.  

Development in the Liverpool Ranges is quite low. Current groundwater use is 2.7 GL/year (Table 117). For more 
information regarding the source of the entitlement and use information, refer to CSIRO (2010). 

Table 117. Groundwater take summary for the Liverpool Ranges Basalt SDL area  

Liverpool Ranges Basalt SDL area GL/year 

Total 2007/2008 entitlement* 1.5 
Current use for entitlement bores** 0.90 
Estimated use for stock & domestic bores*** 1.8 
Total current use 2.7 
*2007/2008 groundwater entitlement data was provided by DECCW 
**Current use is equal to 60 percent of the entitlement volume 
***Stock and domestic use was provided by DECCW 

1.20.2 Salinity zoning 

The Liverpool Ranges SDL area is dominated by relatively fresh groundwater, with 88 percent of the area falling within 
salinity zone 1 (< 1,500 mg/L TDS). The majority of the remaining area falls within salinity zone 2. Overall, the 
groundwater quality appears to be suitable for most stock watering, and some irrigation. Groundwater salinity distribution 
can be seen in Figure 20 and is summarised in Table 118.  

 

Figure 20 Liverpool Ranges Basalt SLD Unit watertable aquifer salinity distribution, from the shallow salinity layer of the MDBA Basin in 
a Box dataset (MDBA, 2000)
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Table 118. Summary of salinity zones Liverpool Ranges Basalt SDL area  

Watertable salinity zone Portion of total area) Area) 

 percent km2 

Zone 1 (0–1500 mg/L TDS) 88 2661 

Zone 2 (1500–3000 mg/L TDS) 10 305 

Zone 3 (3000–14,000 mg/L TDS) 1 19 

Zone 4 (>14,000 mg/L TDS) 0 0 

Water bodies 2 54 

Total 100 3039 

1.20.3 Key environmental assets 

There are no key environmental assets that have been identified as groundwater dependent and sensitive to 
groundwater extraction as part of this RRAM assessment, that are associated with the Liverpool Ranges Basalt SDL 
area.  

1.20.4 Key ecosystem function 

Figure 20 indicates that the Talbragar River and Bundella Creek start in the Liverpool Ranges Basalt SDL area. Similar 
to the hydrogeomorphic classification developed in Braaten and Gates (2001), the small streams and rivers draining the 
high relief upland areas of the catchment are assumed to have high gradients, and small to non-existent alluvial systems. 
High rainfall and narrow floodplains produce shallow watertables and hydraulic connection between the river and aquifer. 
Highland river reaches are thought to derive a significant proportion of their flow as discharge from fractured rock 
aquifers with low hydraulic conductivities. As such, these river reaches are generally considered to be gaining at a low to 
moderate rate. With a lack of further specific information, it is assumed that these rivers have a component of baseflow 
dependency, and as such the risk to ecosystem function via groundwater extraction is considered high.  

1.20.5 Productive base 

Recharge 

Recharge has been calculated by dryland diffuse groundwater recharge derived from WAVES modelling (Crosbie et al., 
2010). The results generated for a historical dry climate scenario have been used. Average recharge across the salinity 
zones ranges from 23 mm/year and 53 mm/year (Table 119). Total recharge across the SDL area equates to 75 GL/year.  

Table 119. Recharge calculation 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 2661 305 19 0 

Diffuse recharge from 
WAVES modelling (mm/yr) 23 47 53 N/A 

Total recharge (GL/yr) 60 14 1.0 N/A 

Storage 

The specific yield adopted for the basaltic deposits of the Liverpool Ranges Basalt SDL area is 0.02. Given a lack of 
information particular to this geology, a typical specific yield value for basalt has been utilised (Johnson, 1967).  

The Liverpool Range is the largest lava field province in NSW, dated between 32 and 40 million years, with up to 400 m 
thickness of basalt covering an area of over 6000 km2. The lava fields did not have a central volcanic vent but erupted 
from multiple fissures (Hunter Catchment Management Trust, 2003). The Liverpool Ranges Basalt SDL area is located 
on the south-eastern edge of the ranges, where the basalt is expected to be thinner. The aquifer has the potential to 
contain large amounts of groundwater in storage due to its lateral extent and significant thickness. However, the 
weathered zone of the aquifer is expected to be the most productive part of the aquifer. A maximum weathered thickness 
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is expected to be approximately 150 m. The depth to the watertable is largely unknown and may be highly variable in the 
highlands. A saturated thickness of 100 m has been assumed for the purpose of this storage calculation. The total 
storage for the Liverpool Ranges Basalt SDL area is approximately 5970 GL (Table 120).  

Table 120. Storage calculation  

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Area (km2) 2661 305 19 0 

Saturated thickness (m) 100 100 100 N/A 

Specific yield  0.02 0.02 0.02 N/A 

Total storage (GL) 5322 610 38 N/A 

Storage relative to recharge 

The ratio of storage to recharge ranges between 38 and 89 for each of the salinity . This indicates that there is a medium 
risk of the productive base of the aquifer being jeopardised by factors such as climate change and the short-term over 
extraction of the groundwater resource. 

1.20.6 The risk matrix 

Table 121 provides a summary of the risk ranking associated with: key environmental assets, key ecosystem function, 
the productive base, the key environmental outcome and the uncertainty inherent in the RRAM calculation. In summary: 

• the SDL area is ranked low risk in terms of key environmental assets, given that none exist that are groundwater 
dependant in this area 

• the SDL area is ranked high risk in terms of ecosystem function, given that unregulated gaining river reaches exist in 
this area 

• the SDL area is ranked medium risk in terms of the productive base, given that the storage/recharge ratio ranges 
from 38 to 88 

• there is no risk to the key environmental outcome (i.e. groundwater salinity)  
• there is a high level of uncertainty given that the RRAM is derived from diffuse groundwater recharge derived from 

WAVES modelling only. It does not include other potential components of groundwater recharge, including river 
leakage, irrigation returns, throughflow etc. 
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 Table 121. Risk matrix 

Risk 
ranking 

Environmental 
assets (EAs) 

OR Ecosystem 
function 

OR Productive 
base 

Sustainability 
factor (SF) 

Key environmental outcome Degree of uncertainty 

High EA that is highly 
groundwater 
dependent and 
highly sensitive to 
take 

In the current 
state, 
groundwater 
discharge 
provides baseflow 
to the unregulated 
river reach. 
Groundwater 
extraction is likely 
to result in 
streamflow 
depletion 

Storage/ 
recharge 
<20 

0.10 
Where there is no risk to the key 
environmental outcome (i.e. 
groundwater salinity) there is no 
reduction to the SF for any of 
the salinity classes 

 

Where there is a risk to the key 
environmental outcome, as a 
measure to reduce risk to 
groundwater quality, the 
following reductions are made: 

Salinity class 1: reduce SF by 
20% 

 

Salinity class 2: reduce SF by 
10% 

 

Salinity classes 3 & 4: no 
reduction 

Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 50% 

Medium EA that is highly 
groundwater 
dependent and is 
moderately 
sensitive to take 

EA that is 
moderately 
groundwater 
dependent and is 
highly sensitive to 
take 

The rivers in the 
SDL unit are 
regulated and 
they are highly 
connected to the 
groundwater 
system (i.e. >50% 
impact of 
pumping on 
streamflow within 
50 years) 

Storage/ 
recharge 
20–40 

0.50 

Low EA that has a low 
groundwater 
dependence and 
low sensitivity to 
take 

EAs do not exist 
in the SDL unit 

The rivers in the 
SDL unit are 
regulated or 
unregulated and 
they have low–
moderate 
connection with 
the groundwater 
system (i.e. <50% 
impact of 
pumping on 
streamflow within 
50 years) 

Storage/ 
recharge 
>40 

0.70 
Where the uncertainty is low 
(e.g. good quality time series 
data, recharge well understood, 
metered extraction) there is no 
further reduction to the SF  

Where there is high uncertainty 
associated with the SDL (e.g. 
no numerical model available 
for comparison, uncertain 
hydrogeology, poor extraction 
data) the SF is further reduced 
by 25% 

1.20.7 Preliminary RRAM extraction limit 

The preliminary estimated extraction limit resulting from the RRAM for the Liverpool Ranges Basalt SDL area is 3.8 
GL/year (Table 122). This is greater than the volume of current use (2.7 GL/year). However, given the high level of 
groundwater and surface water connectivity, the groundwater extraction limit will be set at current use. Further 
development of the groundwater system is feasible up to the RRAM derived extraction limit of 3.8 GL/year, where an 
equivalent reduction in surface water is acquired to offset the additional groundwater take on the basis of a 1:1 
relationship between groundwater take and surface water streamflow reduction.  
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Table 122. Extraction limit summary 

  Salinity zone 1 Salinity zone 2 Salinity zone 3 Salinity zone 4 

Recharge (GL/yr) 60 14 1.0 0 

Sustainability factor 0.05 0.05 0.05 N/A 

Extraction limit (GL/yr) 3.0 0.72 0.050 N/A 
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