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OBJECTION
 

The Artesian Bore Water Users of NSW  Inc.  (ABWUA)  is  the umbrella organisation of both bore
water trusts and private bores in NSW.

Many of our members rely either solely or heavily on water from the GAB for their livelihoods and
their lives. This fact ensures that the health and longevity of the GAB is an emotive issue. Without
GAB water parts of Australia will be uninhabitable as  identified in the Draft Great Artesian Basin
Strategic Management Plan (DSMP) regarding the history of the GAB.

Without the GAB the map of Australia is irreparably changed. This can not be a practise run in risk
management. If we get it wrong this will be the new Australia.
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OBJECTION 
 


The Artesian Bore Water Users of NSW Inc. (ABWUA) is the umbrella organisation of both bore water trusts and private 


bores in NSW.  


Many of our members rely either solely or heavily on water from the GAB for their livelihoods and their lives. This fact 


ensures that the health and longevity of the GAB is an emotive issue. Without GAB water parts of Australia will be 


uninhabitable as identified in the Draft Great Artesian Basin Strategic Management Plan (DSMP) regarding the history 


of the GAB.  


Without the GAB the map of Australia is irreparably changed. This can not be a practise run in risk management. If we 


get it wrong this will be the new Australia. 


 


 
As the executive of ABWUA, on behalf of our members, we object to the Narrabri Gas Project. The objects of ABWUA 
are:  







• To preserve and conserve the water, pressure and health of the Great Artesian Basin for future 


generations.  


• To co-operate with the New South Wales Government departments relevant to ABWUA in equitable 


distribution and beneficial use of Artesian Bore Water.  


• To negotiate with the New South Wales Government, the NSW Office of Water or any other 


authority, organisation or person on any matters affecting the administration and equitable distribution 
of artesian bore water in New South Wales.  


• To promote in every legitimate way the interests of the users of Artesian Bore Water in New South 


Wales.  


• To undertake any legitimate action to preserve and maintain the pressure and the waters of the Great 
Artesian Basin.  


• Continue working with the NSW government to ensure the ongoing success of the vital Great 
Artesian Basin Sustainability Initiative.  


Therefore we can only object to the NGP.  


Independent science, not science paid for by CSG companies and their mates, shows that the CSG industry is not worth 


the risk to our, in many places and especially in times of drought, only water source. It is not clean and green, it is not 


economically viable, it will become a white elephant as renewables improve and come on line and the awful legacy will 


be left on our hands in perpetuity.  An old bushie once asked me when I asked him about the Pilliga, ‘why do you think 


there are no big rivers coming out of such a big area?’ I pondered that question and realised that it is made to be a 


sponge. It is a recharge area of the GAB, just as nature intended.  


Simply understanding The NSW Water Management Act 2000, The Water Sharing Plan for the NSW Great Artesian Basin 


Groundwater Sources 2020 and The Water Sharing Plan for the NSW Great Artesian Basin Shallow Groundwater Sources 


(due 2021) (WSP), NSW Great Artesian Basin Shallow Water Resource Plan, (WRP) The Great Artesian Basin Strategic 


Management Plan (federal) (SMP) the relevant GAB Murray Darling Basin plans and Monitoring, Evaluation and 


Reporting Plans(MER). This list does not even include relevant Gunnedah Oxley Basin acts, plans etc.  


Santos say they will drill through the GAB. This is still interfering with the GAB and so all GAB rules and regulations need 


to be complied with. This needs to be enforced and included in the Final Conditions of Consent and any other legally 


binding instrument.  


 


The Great Artesian Basin Water Sharing Plan Factsheet 


https://www.industry.nsw.gov.au/__data/assets/pdf_file/0019/290332/Factsheet-Changes-to-the-Water-Sharing-


Plan-GAB-WSP.pdf states that “We have updated the estimates in the Great Artesian Basin Water Sharing Plan for 


recharge, planned environmental water and the long-term average annual extraction limit for the Eastern Recharge 


and Southern Recharge Groundwater Sources to incorporate new knowledge and updated information, ensuring that 


the best available methodology is being used.” The Department retained Klohn Crippen Burger to compile a report 


which they then used to increase the estimated recharge rates and increase the extraction limits. They did not 


undertake new research, they simply did a desktop study of a few previously published studies. There is no indication 


as to why these particular studies were chosen to include. ABWUA retained Andrea Broughton, a hydrogeologist with 


one of the best understandings of the GAB to peer review the KCB report. Her review is contained at appendix 2.  


Why were the recharges the only areas done, not Surat, Warrego and Central. If the recharge has indeed increased and 


throughflow has increased why were these areas ignored? 


The Great Artesian Basin Advisory Group (GABAG)is supposed to oversee the final WSP but did not do so. It was 


completed by the Dept and we were told it was finalised – no further feedback from us. 


The following table shows the difference in recharge, throughflow, net recharge and LTAAEL figures between the Great 


Artesian Basin Water Sharing Plan 2008 (GAB WSP 2008) and the GAB WSP 2020. 



https://www.industry.nsw.gov.au/__data/assets/pdf_file/0019/290332/Factsheet-Changes-to-the-Water-Sharing-Plan-GAB-WSP.pdf
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https://www.industry.nsw.gov.au/__data/assets/pdf_file/0003/290307/Factsheet-Eastern-and-Southern-Recharge-


Groundwater-Sources-GAB-WSP.pdf 


The whole increase in recharge and therefore extraction rates comes from the KCB report. (see appendix 1). The Dept 


already admitted the Eastern recharge is over allocated, then they release more extraction volume. 


The Eastern Recharge was limited to extract 32% of total LTAAEL last year. The available water determination (AWD) 


has been set for this current water year at 0.25ML or 25%. Yet they still increase the revised estimate from 13,300 ML/yr 


to 16,200 ML/yr. If you can only use 25% of something and admit it is overallocated why would you increase the total 


amount available to extract? 


How is the figure of 30% of net recharge committed as environmental water ascertained? This presumes the recharge 


figures are correct, the throughflow rates are correct and the extraction is correct. Only access licenses, and not even 


all of those, are metered so much of these figures are arbitrary at best. Fundamentally we don’t see any explanation for 


the allocation and release  of new water when the reserve number is based on history of use/ recovery of water 


basis,  not  a fundamental statement and understanding of actual sustainability . Probable numbers do not make it 


sustainable. Has anyone proven it is sustainable? 



https://www.industry.nsw.gov.au/__data/assets/pdf_file/0003/290307/Factsheet-Eastern-and-Southern-Recharge-Groundwater-Sources-GAB-WSP.pdf
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All these changes and department riding roughshod over set government processes simply make people suspicious and 


question why, when already overallocated, is the dept allowing the trade of more water.  


The Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 2020 contains the following sections 


that we do not believe Santos can comply with.  


Economic objectives 
(1) The broad economic objective of this Plan is to provide access to groundwater to 


optimise economic benefits for groundwater-dependent businesses and local 


economies. 


(2) The targeted economic objectives of this Plan are as follows: 


(a) to provide groundwater trading opportunities for groundwater-dependent 


businesses, 
Note. Trading is a generic term referring to dealings under Division 4 of Part 2 of 
Chapter 3 of the Act. 


(b) to provide access to groundwater in the long term for groundwater-dependent 


businesses, 


(c) to contribute to the maintenance of groundwater salinity levels within ranges 


that maintain a beneficial use category that supports groundwater-dependent 


businesses. 
Note. Beneficial use category is defined in the Dictionary. 


beneficial use category is a water quality categorisation based on salinity which is defined in 


the NSW Great Artesian Basin Shallow Water Quality Management Plan, GW13 Water 


Resource Plan Area. 


CSG is not dependent on groundwater, it is the only industry that treats vital groundwater as a nuisance by-product.  


There are provisions to grant new access licences as out lined in Part 7 of the plan. Section 61 of Water 


Management Act 2000 (WMA2000) allows additional circumstances in which minister may grant new 


access licences. Some circumstances of granting new access licences are: 1. Through dealings 71Q 


(assignment of rights - permanent trade) and 71R (change of water source) 2. Specific purpose access 


licences as described in Part 7 of WSP 3. Specific purpose access licences (SPAL) for Utility Access Licence 4. 


Control allocation of access licences under section 65 of WMA2000 (eg release of part of the savings made 


from the Cap & Pipe the bores) 5. Conveyance access licences For example in Central groundwater source, 


the minister has provisions to grant new licences above the current access licence entitlement of 43 shares 


as there is unassigned water available due to Cap & Pipe Savings and also for SPALs. 


Does this mean that a minister may just grant new access licenses for CSG or mining even though we are told they 


must adhere to the same rules as everyone else? 


This Plan may be amended to include provisions for the following: 


(a) managed aquifer recharge, 


Note. Managed aquifer recharge schemes involve taking water such as recycled water 


or urban stormwater, treating it and then storing it in aquifers under controlled conditions. 


This water can then be extracted at a later time. 


Can this include reinjection of treated produced water? This idea has been touted at various times but independent 


scientific evidence shows this will not work. Please see the report commissioned by ABWUA regarding the stygofauna 


which basically keep the GAB water clean. Without them it would become stagnant dirty water. An example of the 


perfect equilibrium nature works under, until we come along and mess it up. 


http://www.abwua.com.au/-Research/ArtMID/3343/ArticleID/546553/An-Investigation-of-the-Stygofauna-


Community-in-the-Pilliga-Area-2016-17 


Whilst it is very hard to overlay maps we believe that some high priority groundwater-dependent ecosystems are very 


close to existing Santos Infrastructure.  



http://www.abwua.com.au/-Research/ArtMID/3343/ArticleID/546553/An-Investigation-of-the-Stygofauna-Community-in-the-Pilliga-Area-2016-17

http://www.abwua.com.au/-Research/ArtMID/3343/ArticleID/546553/An-Investigation-of-the-Stygofauna-Community-in-the-Pilliga-Area-2016-17





 


The same WSP rules that everyone else has to abide by must also be upheld by Santos. Drilling through the GAB is just 


as risky as drilling into the GAB.  If everyone else must ‘manage the construction and use of water supply works to 


minimise impacts on high priority groundwater-dependent ecosystems and groundwater quality, Note. Part 9 sets 


provisions that manage the location, construction and use of water supply works to prevent impacts on high priority 


groundwater-dependent ecosystems and from sources of contaminated water.’ then Santos must as well. It must also 


be taken into consideration where the lateral wells are. The allowed distance (1000m) should not only be from the 


actual wellhead, it should be wherever the closest point of the well is to the GDE. 


A license for each bore/well must be obtained and is for a set location. Will Santos have to have each well licensed to 


ensure it is situated in the correct spot? 


There are specific rules stating the minimum distance allowed between construction of wells. How can Santos have 


‘nests’ of wells that are within the minimum 200m of the closest well. The rules should apply for all. 


If there is a case of aquifer drawdown who must bear the burden of proof to say the proponent caused it? This could be 


drawn out and expensive and the landowner should not bear the burden of proof or the associated costs. In Qld when 


bores ‘go dry’ the CSG company comes and makes the well deeper. The landowner, in most cases, must sign a 


confidentiality agreement before they get their water back. Otherwise they have to take the company to court and this 


is a protracted and expensive undertaking. It must be in the conditions of consent that there are no confidentiality 


agreements and the relevant state dept is advised of all changes to wells/bores. 


Santos must test (pressure and depth at least) to provide baseline data before the project commences. 


The NGP can not be given the green light on it’s impact alone. We know there are other proposed gasfields and Pels in 


the north-west and the cumulative effect of all these future wells, of an undetermined number, will have a huge effect 


on the GAB. Expansion to include Santos 6 other proposed gasfields as well as other companies expansion into existing 


expired PELs will impact both the Eastern and Southern Recharges as well as the Warrego groundwater sources.  


Cap and pipe. Many farming businesses have spent significant amounts of money, in conjunction with Federal and State 


governments to Cap and Pipe. This has resulted in pressure and water savings in the Great Artesian Basin (GAB). We can 


not allow the ‘dewatering’ of aquifers to undo all the great work paid for by these people, not paid for by the CSG 


companies. 


Santos have had 30 or more years in Queensland to come up with a method of salt/brine disposal. Leaving it in pits or 


storage bunkers can not be allowed. Even with tarps or containment cells like at Leewood no method of containment 


will last forever and eventually will degrade and the salts will leach in to the water table below. That is if it has not been 


destroyed by a flood. 


Santos has signed ‘agreements’ to provide their gas to new industries in Narrabri which will bring jobs. But where is the 


water coming from? These industries are very water intensive. There is plenty of information out there showing what 


happens when industry comes to town. Whitehaven can afford to outbid farmers for water so they can wash coal and 







water roads. Obviously more important than growing food! They say they need the water to keep their employees in 


work. What about the employees of the farmers? They also buy local properties, destroying more community just to 


get more water. So we already have one industry that can take most of the water. Where is the water going to come 


for these new industries? Another bidder to pay exorbitant rates and keep the farmers out of the market? More jobs in 


industry – less in agriculture. If they have been promised the produced water have they actually tested it to see if it is 


fit for purpose? Who is then responsible for the salt etc?  


 


Due to coronavirus and having children at school and uni and selling a house in Queensland I have not been able to read 


all the information I wanted to and provide you with dot points. I have included edited versions of the GAB WSP and 


SMP with comments.  


Life has interfered in the fight for our water again.  


I do not envy you the task ahead. 


 


Thank you, 


Sonya Marshall 


Bachelor of Business (Agribusiness) 


Graduate Diploma in Financial Management 


Minister appointed member of Great Artesian Basin Advisory Group 


Secretary/treasurer Artesian Bore Water Users Association of NSW Inc. 
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1 July 2020 


 


Sonya Marshall 


Secretary/Treasurer 


Artesian Bore Water Users Association 


New South Wales 


Australia 


 


 


Dear Sonya, 


 


Thank you for the opportunity to provide a review of the Klohn Crippen Berger report: ‘Southern and Eastern 


Recharge Groundwater Sources: Literature Review and Recommended Recharge Rates’ (February 2020). 


 


I understand Klohn Crippen Berger Ltd (KCB) were retained by the NSW Department of Industry, Planning and 


Environment (DPIE) to ‘conduct a literature review of published recharge mechanisms and collate existing 


estimates of recharge for the Great Artesian Basin (GAB), focusing on the Southern and Eastern Recharge 


Groundwater Sources in New South Wales’. As a result of their review, KCB recommended recharge volumes in 


the Southern and Eastern Recharge Groundwater Sources should be increased. 


 


The primary concern the Artesian Bore Water Users Association (ABWUA) has is the increase in extraction limits 


for the Southern and Eastern Recharge Groundwater Sources, when the GAB artesian pressure is still finding its 


equilibrium as the result of the ‘cap and pipe’ project. The proposed increase in the existing 2008 LTAAELs has 


been based on recommended increased recharge volumes by KCB. The DPIE have stated that LTAAELs for the 


Eastern and Southern Recharge Groundwater Sources are equivalent to 70% of the net recharge. DPIE have 


stated that their ‘policy position also remains that 30% of net recharge is committed as environmental water and 


70% is the volume that is able to be extracted (i.e. the extraction limit)’. 


 


ABWUA have retained me to review whether KCB used the best available methods and science in arriving at their 


recommendations. My comments regarding the KCB report are as follows: 
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1. KCB have completed a literature review of 17 reports, most of which are CSIRO and/or Geoscience Australia 


reports. KCB stated: ‘The literature review included in Appendix 1 is not a technical critique of the work done to 


reach the conclusions in each individual report, nor is it an exhaustive review of all reports published or issued on 


recharge in the GAB. Supporting content is accepted as correct and current effort in this review was placed solely 


on gathering knowledge and practical tools in understanding and translating the conceptual understanding of 


recharge processes.’  


 


No comment was given by KCB on why they chose these particular reports. Is this a representative sample? Did 


they cherry-pick? Were there no research publications from any Australian universities which are traditionally 


independent researchers? I believe the UNSW Connected Waters Initiative Research Centre; UNSW School of 


Biological, Earth and Environmental Sciences; and Royal Melbourne Institute of Technology, School of Chemical 


and Environmental Engineering; have and still are investigating in the GAB. I also understand that it is difficult for 


universities to attract research grants from the State and/or Federal governments. 


 


2. KCB state the main aquifers in the Southern and Eastern Recharge Groundwater Source are the Pilliga Sandstone 


and the Keelindi Beds. These are included in the Hooray Sandstone and equivalent aquifer groups, and the Cadna-


owie–Hooray Sandstone and equivalent aquifer groups. The Hutton Sandstone is not hydrogeologically equivalent 


to this group. Based on this KCB use recharge rate research undertaken in Queensland within stratigraphically 


equivalent groundwater units to estimate recharge rates and volumes in the Pilliga Sandstone and Keelindi Beds 


aquifers in NSW. However, topography, landuse, vegetation, soil and climate are important factors also influencing 


recharge rates These were not presented in the KCB report in enough detail to determine recharge rates and 


volumes, and to allow an increase in groundwater use as proposed in the Draft NSW GAB WSP (2020). 


 


3. KCB discussed the four main recharge mechanisms in the Southern and Eastern Recharge Groundwater Source: 


a. Diffuse recharge (rainfall over the landscape) 


b. Preferred pathway flow (fractures along Pilliga Sandstone bedding planes, paleochannels) 


c. Localised recharge (via ‘losing’ reaches of the Namoi River, etc.) 


d. Mountain system recharge (via fan deposits) 


 


KCB noted ‘The study by Barron et al (2010) indicated that annual rainfall was a major factor influencing recharge: 


however, rainfall intensity was more of a contributing factor. This was a common theme across the majority of literature 


reviewed: preferred pathway flow, which requires episodic, high-rainfall events, is the dominant recharge mechanism in 


the intake beds, especially compared to diffuse recharge. Estimating recharge using % of rainfall only does not fully 


capture these events.’ 


 


KCB noted that evaporation is higher than rainfall therefore extreme rainfall events are a major factor in recharge by 


one, some, or all, of the above recharge mechanisms. KCB concluded the dominant recharge mechanism in the Pilliga 


Sandstone aquifer, in the Southern and Eastern Recharge Groundwater Sources, is by preferred pathway flow with high 


intensity rainfall (150mm to 200mm continuous 30 days). This is because the regolith above preferred pathways needed 


to be fully saturated before they could recharge the Pilliga Sandstone aquifer. However, high intensity climate is not 


prevalent in the Eastern and Southern Recharge Groundwater Sources, as they are located in the temperate climate 


zone, whereas the sub-tropical climate zone occupies the northern NSW GAB and into the Queensland GAB where some 


of the references KCB were reviewing were based. 
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4. KCB summarised the various recharge estimation methods as follows: 
a. Saturated Zone chloride mass-balance method (covers all the groundwater recharge pathways: diffuse 


recharge, preferred pathway flow, localised recharge via 'losing' streams, and mountain system recharge) 
b. Unsaturated Zone chloride mass-balance method 
c. % of Annual Rainfall (Rainfall is not the only mechanism affecting recharge: topography, land use, 


vegetation, soil or surficial geology, and the hydraulic properties of the subsurface need to be considered. 
% of annual rainfall is too simplistic). 


d. Groundwater Hydrograph Analysis (best for unconfined aquifers in localised recharge from streams and 
rivers) 


e. Radiocarbon and stable isotope dating (can determine groundwater velocities, which in some situations  
may be related to recharge rates; preferred pathway flow is supported by the occurrence of modern 
groundwater, as shown by age dating, at considerable depth in some bores, indicating a relatively quick 
recharge mechanism…but the bore construction details would need to be known as poorly sealed bores 
are often conduits to recharge from surface water). 


 
KCB looked at diffuse recharge, preferred pathway flow and localised recharge separately based on Kellett et al (2003) 
studies in Queensland intake beds because some aquifers are contiguous with the Pilliga Sandstone aquifer. KCB state 
they are relevant to NSW ‘but may require adjustments for factors such as climate and geology’. Habermahl et al (2009) 
did similar studies and compared diffuse recharge with preferred pathway flow. They found preferred pathway flows 
were higher than diffuse recharge. KCB went along with Kellett et al. (2003) and decided the best way to estimate 
recharge is using the saturated zone chloride mass-balance method. I agree this is a good approach for Southern and 
Eastern Recharge Groundwater Sources as it covers all the groundwater recharge pathways (diffuse recharge, preferred 
pathway flow, localised recharge via 'losing' streams, and mountain system recharge). Smerdon et al (2012a) estimated 
recharge rate using data from a 2011 map of chloride deposition for Australia (Leaney et al 2011), and chloride 
concentration in groundwater from Kellett et al (2003) and Habermahl et al (2009). I would like to know whether Leaney 
et al (2011) mapped any parna-rich sediment (aeolian deposits transported from the inland) in the Eastern and Southern 
Recharge Groundwater area, as these deposits have a high concentration of chloride, as found in the NSW Southern 
Tablelands. 
 
KCB made a point of saying they are not critiquing the historic work which they are using to provide new groundwater 
recharge estimates in the Eastern and Southern Recharge Groundwater Sources. KCB calculated the total recharge rates 
(mm/yr) provided in Table 5.2 by summing the recharge rates from Smerdon et al (2012a) for the updated recharge 
areas of the Southern and Eastern Recharge Groundwater Sources provided in Table 5.1 and Figure 5.1. Kellet et al 
(2003) was based on Queensland studies in equivalent hydrostratigraphic units as the Pilliga sandstone located in the 
NSW GAB, but the topography, etc is not the same. KCB state there must be adjustments made for factors such as 
climate and geology but did not state how they adjusted for climate and geology. 
 


5. KCB wrote that across the majority of the Southern and Eastern Recharge Groundwater areas the recharge rate is 
less than 10mm/yr. However, they stated that up to 47.8mm/year is interpreted in the Pilliga National Park and 
Pilliga State Conservation area which are undeveloped and would receive greater recharge. I presume KCB are 
inferring this is because of the exposed Pilliga Sandstone intake beds in this area? Recharge rates are also higher in 
Eastern Recharge Groundwater Source and attribute this to a change from native to summer crops and irrigation 
in this area. I understand this is because irrigation allows the soil to remain mostly saturated, allowing high 
intensity rainfall to recharge via preferred pathways flow. 
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6. KCB found the recharge fluxes calculated for the Southern and Eastern Recharge Groundwater Sources ‘are an 
order of magnitude comparable to the recharge fluxes used to calculate long-term average net recharge in the 
current WSP for the NSW GAB Groundwater Sources (DWE, 2014)’. These were 106,000 ML/year and 47,500 
ML/year for the Southern and Eastern Recharge Groundwater Sources, respectively. However, KCB did not state in 
their Table 4.1 how DWE estimated recharge fluxes. So how does KCB know DWE did not calculate recharge fluxes 
for the Eastern and Southern Recharge Groundwater Sources using the same method? If they both used the same 
method and are an order of magnitude in difference then this would highlight there is an order of magnitude 
variability in using this method of recharge estimation NOT that DWE underestimated recharge and therefore KCB 
believe there is more groundwater available. 


 


7. KCB state in Section 4.3 'limited information available regarding the impact of future climate variation on 
groundwater resources is currently insufficient to predict future recharge rates and fluxes'. Given the Draft 2020 
GAB WSP is a document for the 'future' then I find this statement to be unsatisfactory. 


 


 


 


Yours sincerely, 


 
Andrea Broughton BSc (Hons) Geology; MAppSc Hydrogeology and Groundwater Management 


Principal Hydrogeologist 


Groundwater Solutions International 
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1 INTRODUCTION 


The New South Wales Department of Planning, Industry and Environment (DPIE) is in the process 
of updating the Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 
[Department of Water and Energy (DWE) 2014]. Klohn Crippen Berger Ltd (KCB)has been retained 
by DPIE to conduct a literature review of published recharge mechanisms and collate existing 
estimates of recharge for the Great Artesian Basin (GAB), focusing on the Southern and Eastern 
Recharge Groundwater Sources in New South Wales (Figure 1.1). This report outlines the findings 
of the literature review and provides recommended recharge rates for the Southern and Eastern 
Recharge Groundwater Sources based on historical studies. 


 


Figure 1.1 Southern and Eastern Recharge Groundwater Sources (figure provided from New 
South Wales DPIE) 


1.1 Terminology 


The following terms were applied throughout this assessment: 


 Recharge is the addition of water, usually by infiltration, to an aquifer. Recharge rate is 
measured in mm/year whereas recharge flux is the recharge rate applied to the recharge 
area (ML/year).  
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 Average Annual Net Recharge (DWE 2009b) is the volume of water added to the 
groundwater source annually on a long-term average basis minus an allowance for 
groundwater outflow to adjacent groundwater sources.  


 Intake Beds (Kellett et al. 2003) are areas along the elevated eastern margins of the GAB 
where the sandstone aquifers outcrop or subcrop [i.e. where the overlying low-
permeability confining layer(s) are either absent or extremely thin] and most groundwater 
recharge occurs. 


 Localised Recharge (Kellett at al. 2003) is the seepage of water through saturated alluvium 
into the underlying sandstone aquifers, and is an important local recharge mechanism in 
some places where streams flow across the intake beds. This process is relatively rapid in 
terms of allowing water to infiltrate into the aquifer.  


 Preferred Pathway Flow [Office of Groundwater Impact Assessment (OGIA) 2016a] arises 
from changes in permeability with aquifers and in overlying regolith, providing conduits for 
water to infiltrate (Kellett et al. 2003). Zones of higher permeability may include fissures, 
faults, joints, tree roots, and high-permeability beds within individual formations and along 
bedding planes (Kellett et al. 2003, Suckow et al. 2016).  


 Diffuse Recharge (Kellett et al. 2003) is the process by which rainfall infiltrates directly 
through outcropping or subcropping geological units which host aquifers.  


 Mountain System Recharge (Smerdon et al. 2012a) is the contribution of groundwater 
recharge derived from runoff from mountainous areas into adjacent aquifers.  


 Rejected Recharge (Smerdon et al. 2012a) is the expression used for groundwater flowing 
from springs or streams within and near the GAB intake beds, where groundwater 
emerges from springs or streams because the groundwater levels within the aquifer are 
close to or at the ground surface, resulting in overflow or outflow of the groundwater from 
the exposed aquifers particularly where small or large topographic depressions are 
present.  


Localised recharge, preferred pathway flow, diffuse recharge, and mountain system recharge are 
shown schematically on Figure 1.2 (adapted from Radke et al. 2000). 
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Figure 1.2 Recharge Mechanisms (adapted from Radke et al. 2000) 
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2 HYDROGEOLOGICAL SETTING 


Information provided in this section has been compiled from multiple sources including 
Habermehl (1980), Radke et al. (2000), Habermehl et al. (2009), DWE (2009a), Ransley and 
Smerdon (2012), and Geoscience Australia and Australian Stratigraphy Commission (2017).  


2.1 Great Artesian Basin and Associated Basins 


The GAB is one of the largest groundwater systems in the world. It covers 1.7 million km2, about 
one-fifth of Australia, and underlies parts of New South Wales, Queensland, South Australia, and 
the Northern Territory (Figure 2.1). The New South Wales portion of the GAB covers 207,000 km2, 
which represents about 12% of the basin and about 20% of New South Wales.  


The GAB is a multi-layered confined aquifer system, with aquifers occurring in Triassic, Jurassic, 
and Cretaceous quartzose sandstones. The intervening confining beds consist of low to very low 
permeability siltstone and mudstone. The basin is, in places, 3,000 m thick, and forms a large 
synclinal structure that was uplifted and exposed along its eastern margin and tilted southwest 
(Habermehl 1980).  


The GAB comprises the Surat, Eromanga, and Carpentaria basins, and small upper parts of the 
Bowen and Galilee basins (Figure 2.1 and Figure 2.2). The Coonamble Embayment forms the 
southern part of the Surat Basin in New South Wales. There is some discrepancy in historical 
literature regarding the northern extent of the Coonamble Embayment. Wolfgang (2000) indicates 
that it is separate from the main part of the Surat Basin in New South Wales (Figure 2.3) whereas 
Herczeg and Love (2007) indicate that the Coonamble Embayment covers the entire extent of the 
Surat Basin within New South Wales (Figure 2.4). 


The Southern and Eastern Recharge Groundwater Source Areas are the focus of this study and are 
situated in the New South Wales portion of the Surat Basin (Figure 1.1 and Figure 2.4) 
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Figure 2.1 The Great Artesian Basin (from Smerdon et al. 2012b) 
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Figure 2.2 Basins within the Great Artesian Basin (from Habermehl 1980) 
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Figure 2.3 Location of the Coonamble Embayment (from Wolfgang 2000) 
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Figure 2.4 Map showing the Recharge Zones within the Coonamble Embayment (adapted 
from Herczeg and Love (2007) 


2.2 Southern and Eastern Recharge Groundwater Sources 


The majority of groundwater recharge in the GAB occurs along the elevated eastern margins 
where sandstone aquifers outcrop or subcrop. In Queensland, the intake beds trend north-south 
in a continuous 20 km and 150 km wide arc stretching from Cape York in the north to east of 
Goondiwindi in the south. This recharge zone transitions into the intake beds predominantly 
comprised of the Pilliga Sandstone and Keelindi Beds along the southern and eastern margins of 
the GAB in New South Wales. Recharge enters the Pilliga Sandstone and permeable layers in the 
Keelindi Beds where they outcrop, or at lesser rates, via overlying strata as leakage.  


These intake beds are located in the Southern and Eastern Recharge Groundwater Sources which 
are approximately 23,600 km2 and 6,100 km2 in area, respectively. The Southern Recharge 
Groundwater Source is situated in north-central New South Wales and the Eastern Recharge 
Groundwater Source is situated in northeastern New South Wales (Figure 1.1).  


The Southern and Eastern Recharge Groundwater Sources include all water contained in all rocks 
of Cretaceous, Jurassic, and Tertiary ages, and all alluvial sediments within the boundaries shown 
in Figure 1.1, with the following exceptions (DWE 2014): 


 The water to which the following applies: 
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 Water Sharing Plan for the Lower Gwydir Groundwater Source 2003 (current document 
from 2019); 


 Water Sharing Plan for the Lower Macquarie Groundwater Sources 2003 (current 
document from 2019); 


 Water Sharing Plan for the Upper and Lower Namoi Groundwater Sources 2003; 


 Water Sharing Plan for the Castlereagh below Binnaway Unregulated and Alluvial 
Water Sources 2011 (now called Water Sharing Plan for the Castlereagh River 
Unregulated and Alluvial Water Sources 2011); 


 Water Sharing Plan for the Intersecting Streams Unregulated and Alluvial Water 
Sources 2011; 


 Water Sharing Plan for the NSW Great Artesian Basin Shallow Groundwater Sources 
2011;  


 Water Sharing Plan for the NSW Murray Darling Basin Fractured Rock Groundwater 
Sources 2011; and 


 Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Groundwater 
Sources 2011.  


 Any alluvial sediments within the excluded alluvial areas, as shown on Figure I-5.2 
(excluded alluvial areas are now included in the Water Sharing Plan for the NSW Border 
Rivers Unregulated and Alluvial Water Sources 2012 and the Water Sharing Plan for the 
Macquarie Bogan Unregulated and Alluvial Groundwater Sources 2012).  


2.3 Climate 


Rainfall is an extremely important contributor to all components of recharge in the Southern and 
Eastern Recharge Groundwater Sources. The GAB is largely located in the arid and semi-arid parts 
of Australia. The Southern and Eastern Recharge Groundwater Sources (i.e. the intake beds in 
New South Wales) straddle the subtropical climate zone with no dry season, and the temperate 
climate zone with no dry season and hot summer (classified using the modified Köppen 
classification; Stern et al. 2008). The subtropical climate zone has a mean annual temperature of 
at least 18°C and extends from Queensland into part of the northern intake beds in New South 
Wales. The temperate climate zone occupies part of the eastern and most of the southern intake 
beds. The intake beds in New South Wales are located in the sub-humid rainfall zone with erratic 
and variable rainfall which generally has a uniform seasonal distribution tending towards summer 
dominance in the north. Across the Southern and Eastern Recharge Groundwater Sources, mean 
annual rainfall varies from between 400 mm to 500 mm in the southwest to 600 mm to 700 mm 
in the north, and generally decreases across the intake beds from east to west (Figure 2.5). 
However, this east-west trend is complicated by topography, which causes higher rainfall in areas 
with higher altitudes. Rainfall occurs year-round. High magnitude rainfall events occur more 
commonly in the northern part of the GAB in Queensland compared to New South Wales. Periods 
of below average rainfall droughts occur 20% to 40% of the time. Mean annual evaporation varies 
from about 1600 mm to 2400 mm across the New South Wales intake beds and exceeds rainfall 
everywhere by a considerable amount. 
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Figure 2.5 Average Annual Rainfall for the Intake Beds in New South Wales (from 
Habermehl et al. 2009) 


2.4 Surface Water 


Surface water flow regimes govern the rate, continuity, and extent of groundwater recharge in 
the fluvial recharge system. The intake beds in New South Wales are partly located in the 
catchments and drainage divisions of several streams. These streams are tributaries of the Darling 
River and include (from north to south) the Dumaresq, Macintyre, Gwydir, Namoi, Castlereagh, 
Macquarie, and Bogan Rivers (Figure 1.1). These streams generally drain west, northwest, and 
north, and are sources of recharge water where they cross the intake beds (Habermehl et al. 
2009). Further downstream, these streams may be fed by baseflow from the GAB or rejected 
recharge; this occurs where water is restricted from entering the aquifer and discharges to surface 
due to a shallow water table or geological/ structural controls (Kellett et al. 2012). Habermehl 
(1980) characterised that all streams in the GAB are characterised by extreme variation in 
discharge and flow duration. Some streams alternate between gaining streams and losing streams 
depending on preceding climate conditions and groundwater levels. Variable seasonal and annual 
stream flow patterns are caused by tropical cyclonic and summer monsoonal rainfall (primarily in 
northern Queensland), and in most areas, extended periods of droughts (some lasting for many 
years) alternate with major, long-lasting floods.  
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2.5 Hydrostratigraphy 


The primary aquifers in the northern and central parts of the GAB are hosted in the Mooga, 
Gubberamunda, and Hutton sandstones. The main confining beds include the Wallumbilla, Bungil, 
Orallo, and Westbourne Formations, Walloon Coal Measures, and Evergreen Formation. The 
primary aquifer in the southern portion of the Surat Basin is the Pilliga Sandstone and permeable 
layers in the Keelindi Beds. Confining beds for this portion of the Surat Basin include all or parts of 
the Wallumbilla, Bungil, Orallo, and Purlawaugh formations.  


The intake beds for the Southern and Eastern Recharge Groundwater Sources on the southern 
and eastern margins of the GAB in New South Wales are predominantly comprised of outcrops 
and subcrops of the Pilliga Sandstone and Keelindi Beds. These are described as: 


 Pilliga Sandstone (late Jurassic): medium to coarse grained, well sorted quartzose 
sandstone and conglomerate with minor interbeds of mudstone, siltstone, and fine-
grained sandstone and coal. Maximum thickness of 300 m. The unit was deposited as 
extensive high energy braided alluvial systems and thick channel sequences, with finer-
grained material indicative of channel fill and inter-channel facies.  


 Keelindi Beds (early Cretaceous to late Jurassic): fine- to coarse-grained, poorly sorted to 
well sorted quartzose sandstone, pebbly sandstone, and conglomerate interbedded with 
minor shale, siltstone, and coal. Represents a transition to lower energy fluvial systems 
including meandering stream and flood plain deposition.  


The outcrop of the Pilliga Sandstone and other Jurassic and Cretaceous units and the Cenozoic 
overburden are shown on Figure 2.6.  


Across the GAB, individual geological units that are hydrogeologically equivalent to each other 
have been grouped and assigned an aquifer name based on the primary contributing geological 
unit. The Pilliga Sandstone and Keelindi Beds aquifers are included in the Hooray Sandstone and 
equivalents aquifer group (which also includes the Bungil Formation, Mooga Sandstone, 
Gubberamunda Sandstone, Kumbarilla Beds, Wyandra Sandstone, Cadna-owie Formation, and 
Hooray Sandstone aquifers) as well as the Cadna-owie - Hooray Sandstone and equivalents aquifer 
group. The Hutton Sandstone is not hydrogeologically equivalent to this group. The stratigraphic 
table of the GAB including the Coonamble Embayment is provided in Figure 2.7, with the 
hydrogeologically equivalent aquifers highlighted. 
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Figure 2.6 Outcrop Areas of the Pilliga Sandstone (Jp) (from Ransley et al. 2012a) 
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Figure 2.7 Stratigraphic Table of the Great Artesian Basin (adapted from Kellett et al. 2003) 
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2.6 Groundwater Levels, Flow, and Gradients 


Extensive extraction of groundwater from the GAB since 1978 has impacted both natural and 
artificial discharge regimes. Regional artesian pressure declines in the Surat Basin and the 
Coonamble Embayment in New South Wales are generally 20 m to 50 m less than the maximums 
in southern Queensland (around 100 m); however, some bores do have pressure declines up to 
60 m and there are substantial areas with 20 m to 60 m of decline. This has resulted in reductions 
of artesian flow in all flowing water bores and cessation of artesian flow in some. Artesian springs 
have also suffered a universal decline in groundwater flow and some have ceased flowing 
(Habermehl et al. 2009).  


In New South Wales, the water table along the western slopes of the Great Dividing Range is 
within the Pilliga Sandstone. Groundwater flow is from the western slopes of the Great Dividing 
Range basinward, towards the north, northwest, and west in the vicinity of the Southern Recharge 
Groundwater Source and towards the west and north in the vicinity of the Eastern Recharge 
Groundwater Source (as shown in Figure 2.8 for the entire GAB). Estimated groundwater flow 
velocities vary between the different literature reviewed and range from 0.1 m/year to 0.8 m/year 
(Wolfgang 2000) to 1.6 m/year to 10 m/year (Habermehl 1980). 


A groundwater flow divide is present at the Great Dividing Range to the east of the intake beds, 
which is also the easternmost extent of the GAB in New South Wales. Kellett et al. (2012) 
interprets a groundwater flow divide along the New South Wales and Queensland border. 
Groundwater flow is towards the southwest in Queensland and to the northwest in New South 
Wales, converging around the Macintyre River.  


Where the potentiometric surface in the Pilliga Sandstone (and equivalents) is higher than the 
regional water table, there is the potential for upward flow gradients and vertical leakage into 
shallow aquifers. Where the potentiometric surface in the Pilliga Sandstone (and equivalents) is 
lower than the regional water table, downward leakage will occur. Figure 2.9 shows the difference 
between the regional water table and the potentiometric surface in the Cadna-owie - Hooray 
Sandstone and equivalents aquifer group, which includes the Pilliga Sandstone. Positive values 
indicate the potential for downward flow, while negative values indicate the potential for upward 
flow. The majority of the GAB is under artesian conditions, suggesting that upward vertical 
movement could occur through overlying leaky aquitards, though flow is restrained by the low 
permeability of the confining beds. Along the margins of the GAB, including in the vicinity of the 
Southern and Eastern Recharge Groundwater Sources, downward flow dominates.  


Flowing artesian bores, where water rises to surface under artesian pressure are not present in 
the recharge zones apart from the far northwestern part of the Eastern Recharge Groundwater 
Source area (Figure 2.10) (Habermehl 1980).  
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Figure 2.8 Directions of Regional Groundwater Flow and Springs in the Great Artesian Basin 
(from Radke et al. 2000) 
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Figure 2.9 Difference between the Regional Water Table and the Potentiometric Surface in 
the Cadna-owie – Hooray and Equivalents Aquifer (adapted from Smerdon et al. 
2012a) 
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Figure 2.10 Location of Flowing Artesian Water Bores (from Habermehl 1980) 


2.7 Springs 


Flowing artesian springs within the GAB are generally associated with structural features or water 
under artesian pressure breaking through thin or leaky confining beds. Springs are also present in 
some of the recharge areas along the eastern margins of the GAB, but most of these are caused 
by rejected recharge. The locations of spring complexes and spring supergroups in the GAB are 
provided in Figure 2.8 (from 1980) and Figure 2.11 (from 2012). These figures show that there are 
very few springs in or near the intake beds of the Southern and Eastern Recharge Groundwater 
Sources; however, according to Miles et al. (2012), there have been no major updates to spring 
mapping in New South Wales since 1992. This indicates that there may be more springs that are 
not included in these figures.  


Spring discharges have generally declined since the early development of extraction bores in the 
GAB (Habermehl et al. 2009). 
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Figure 2.11 Spring and Spring Supergroup Locations (from Miles et al. 2012) 







NSW Department of Planning, Industry and 
Environment 
Southern and Eastern Recharge Groundwater Sources  


Literature Review and Recommended Recharge 
Rates  


 


200211R_Literature Review Recharge.docx 


 


Page 19 
D10200A04     February 2020  
 


3 LITERATURE REVIEW 


The literature review summarises information on approaches and techniques applied for 
estimating recharge to the GAB. The review focused on the intake beds in New South Wales and 
Queensland; a factual summary of the review findings is included in Appendix I. The reports 
reviewed include information of varying technical complexity and of variable spatial scale. The 
literature review focused on areas of these documents which relate to recharge mechanisms and 
estimates, with the intent to develop a contemporary body of evidence to better understand 
recharge in the intake beds of the Southern and Eastern Recharge Groundwater Sources. 
Repetition in concepts from prior works is not repeated; rather only new concepts or 
advancements in prior knowledge are generally provided. For this reason, documents are 
presented in chronological order.  


The literature review included in Appendix I is not a technical critique of the work done to reach 
the conclusions in each individual report, nor is it an exhaustive review of all reports published or 
issued on recharge in the GAB. Supporting content is accepted as correct and current effort in this 
review was placed solely on gathering knowledge and practical tools in understanding and 
translating the conceptual understanding of recharge processes. Much of the content is 
paraphrased directly from the source reports.  
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4 LITERATURE REVIEW DISCUSSION 


The majority of groundwater recharge in New South Wales occurs along the elevated eastern 
margins of the GAB where sandstone aquifers (predominantly the Pilliga Sandstone and 
permeable layers in the Keelindi Beds) outcrop or subcrop (i.e. the Southern and Eastern Recharge 
Groundwater Sources in Figure 1.1).  


4.1 Recharge Mechanisms 


Understanding groundwater recharge mechanisms and rates is often referred to as the most 
difficult parameter to measure in a groundwater budget (Healy 2010). Relatively low recharge 
rates combined with large spatial and temporal variability of water fluxes (as is encountered in the 
GAB) results in additional complexity (Smerdon et al. 2012a).  


The principal mechanisms of recharge in the GAB have not appreciably changed since Kellett et al. 
(2003), with the exception of the addition of mountain system recharge by Herczeg and Love 
(2007). Kellett et al. (2003) is heavily cited in later work and, although some variations of the 
processes are presented and the terminology can sometimes vary, the fundamental concepts 
remain consistent. The recharge mechanisms into the Southern and Eastern Recharge 
Groundwater Sources are:  


1. Diffuse recharge; 


2. Preferred pathway flow; 


3. Localised recharge; and  


4. Mountain system recharge (potentially).  


In arid Australia, where evapotranspiration exceeds rainfall, extreme rainfall events are a major 
factor in recharge by one, some, or all of these mechanisms. This implies that recharge is likely to 
be irregular and variable in both time and space (Habermehl et al. 2009). However, there are 
circumstances when each mechanism is likely to occur, as discussed below.  


Diffuse recharge occurs across most of the intake beds in the Southern and Eastern Recharge 
Groundwater Sources, due to outcroppings of permeable sandstone. Diffuse recharge rates are 
inferred to be less than the rates of the other recharge mechanisms; however, diffuse recharge 
occurs over larger areas (nearly everywhere that permeable sandstone outcrops at surface).  


While recharge rates from localised recharge are expected to be higher than diffuse recharge, 
recharge is spatially limited in extent to beneath rivers, streams, and alluvial groundwater systems 
that overlie permeable aquifers. This restricts recharge flux via the localised mechanism. Localised 
recharge in the GAB in New South Wales is expected to occur in locations where larger streams 
such as the Dumaresq, Macintyre, Gwydir, Namoi, Castlereagh, Macquarie, and Bogan Rivers 
overlie the permeable intake beds, though recharge also occurs from smaller ephemeral streams. 
For this recharge mechanism to occur, there must be water in the surface water body and a 
downward hydraulic gradient.  


Similar to localised recharge, recharge rates via preferred pathway flow are expected to be higher 
than diffuse recharge; however, recharge is spatially restricted to permeable features and 
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discontinuities. In addition to these permeable features, previous studies have indicated that at 
least 150 mm to 200 mm of rainfall over a continuous 30-day period is needed to saturate the 
regolith so that preferred pathway flow can occur. Recharge rates via this mechanism are lower in 
New South Wales than northern Queensland as the frequency of high rainfall events is less. 
Therefore, the recharge flux from preferred pathway flow may not be as dominant as the 
historical literature describes.  


Mountain system recharge is a relatively newly defined recharge mechanism for the GAB and as 
such, has not previously been quantified for the New South Wales intake beds. There is the 
potential for runoff from the elevated Great Dividing Range (i.e. mountain system recharge) to 
contribute to recharge in the intake beds.  


4.1.1 Rejected Recharge 


In areas where the potential recharge rate exceeds the rate at which water can enter the 
permeable aquifers, the aquifer becomes fully saturated and available recharge may be rejected 
via springs or through the bases of streams that are in connection with the intake beds. Some of 
these streams may alternate between recharging and discharging line sources depending on the 
amount of recharge occurring. Areas of rejected recharge including springs have not been mapped 
near the Southern and Eastern Recharge Groundwater Sources but are potentially located near 
the western margins of the intake beds where the potentiometric surface is close to or at ground 
surface.  


4.2 Recharge Estimation Methods 


Recharge can be estimated using a wide range of methods. Recharge is commonly estimated at 
the watershed scale using simple water budget methods or numerical groundwater flow models. 
These methods provide an average recharge estimate for an area; however, recharge can vary 
both within and between watersheds because of variations in land use, topography, geology, and 
climate. Because of this, recharge estimates with site-specific data can complement the larger-
scale methods.  


The preferred approach to estimating recharge is to use multiple methods to determine, and then 
refine, the recharge rate. Recharge studies should begin with a review of background information 
(including maps, soils, geology, vegetation, land use, stream flow data, precipitation and climate 
data, groundwater level data, groundwater and air quality data, hydraulic properties of the 
aquifers, historical studies, etc.) to determine the most suitable approach based on site 
conditions. Lists of potential estimation methods, as well as advantages and disadvantages for 
each, are provided in Tables I-4.1 and I-11.1 in Appendix I. Depending on the results, numerical 
modelling may be beneficial so that the recharge estimates can be further constrained.  


According to Crosbie et al. (2010), 77% of the recharge estimates in Australia were made using the 
saturated zone steady-state chloride-mass-balance method, with the remaining typically made 
from the unsaturated zone steady-state and transient state chloride-mass-balance, groundwater 
hydrograph analysis, water balance, and environmental tracer methods. In the intake beds of New 
South Wales, the chloride-mass-balance method has been used most frequently to estimate 
recharge. This method is generally applied at a point scale but often needs to be upscaled to a 
regional scale for water management purposes. A recent study by Crosbie et al. (2018) combined 
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the chloride-mass-balance method with regression analysis to upscale the recharge. Other 
methods used in New South Wales have included using a percentage of annual rainfall and 
isotope analysis. This is similar for Queensland, though groundwater hydrograph analysis and 
radiocarbon dating have also been used.  


The following sections provide more detail about the key methods used to estimate recharge in 
New South Wales and Queensland, as well as which recharge mechanism(s) each is most suitable 
for estimating. 


4.2.1 Saturated Zone Chloride-Mass-Balance Method 


The majority of literature reviewed for the GAB in New South Wales and Queensland used the 
saturated zone chloride-mass-balance method as the principal method to estimate recharge 
through the intake beds. The premise behind this method is that, in low- to moderate-salinity 
environments (much like the Pilliga Sandstone outcrops), the dissolved chloride ion is 
conservative, indicating that it does not take part in any geochemical reactions (such as diffusion, 
dispersion, adsorption, etc.). As a result of this, chloride concentrations in rainfall can be 
compared to those measured in groundwater using the following formula: 


𝑅𝑅𝑅𝑅𝑅𝑅ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑅𝑅 =  
𝐶𝐶ℎ𝑙𝑙𝑙𝑙𝑎𝑎𝑙𝑙𝑙𝑙𝑅𝑅 𝐶𝐶𝑙𝑙𝐶𝐶𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝑎𝑎𝑎𝑎𝐶𝐶𝑙𝑙𝑙𝑙𝐶𝐶 𝑙𝑙𝐶𝐶 𝑅𝑅𝑎𝑎𝑙𝑙𝐶𝐶𝑅𝑅𝑎𝑎𝑙𝑙𝑙𝑙 𝑎𝑎𝐶𝐶𝑙𝑙 𝐷𝐷𝑎𝑎𝐷𝐷 𝐷𝐷𝑅𝑅𝐷𝐷𝑙𝑙𝐷𝐷𝑙𝑙𝐶𝐶𝑙𝑙𝑙𝑙𝐶𝐶 × 𝑃𝑃𝑎𝑎𝑅𝑅𝑅𝑅𝑙𝑙𝐷𝐷𝑙𝑙𝐶𝐶𝑎𝑎𝐶𝐶𝑙𝑙𝑙𝑙𝐶𝐶


𝐶𝐶ℎ𝑙𝑙𝑙𝑙𝑎𝑎𝑙𝑙𝑙𝑙𝑅𝑅 𝐶𝐶𝑙𝑙𝐶𝐶𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝑎𝑎𝑎𝑎𝐶𝐶𝑙𝑙𝑙𝑙𝐶𝐶 𝑙𝑙𝐶𝐶 𝐺𝐺𝑎𝑎𝑙𝑙𝑟𝑟𝐶𝐶𝑙𝑙𝑟𝑟𝑎𝑎𝐶𝐶𝑅𝑅𝑎𝑎
 


The chloride concentration in rainfall and dry deposition component is mainly comprised of wet 
deposition, and dry deposition is generally considered to be a minor or negligible component 
(OGIA 2016a).  


This method is commonly used because the data is relatively easy and inexpensive to obtain, the 
calculation is simple to use, and the recharge estimates can easily be refined as more data 
becomes available. The method effectively provides estimates of net recharge using all recharge 
mechanisms (i.e. diffuse recharge, preferred pathway flow, localised recharge) and excludes 
recharge that is discharged back into streams or lost through evapotranspiration (Kellett et al. 
2003, Habermehl et al. 2009, OGIA 2016a). Recharge can be estimated over larger spatial scales, 
as the saturated zone chloride-mass-balance method produces a lumped long-term recharge rate 
that has been damped against annual and seasonal variations in rainfall, weather patterns, and 
chloride inputs. It removes the bias due to point sampling in the unsaturated zone, an important 
consideration in the intake beds where large heterogeneities over horizontal distances occur 
frequently (Habermehl et al. 2009). 


There is a time lag between the time of recharge at surface and the actual occurrence of recharge 
into groundwater; however, the saturated zone chloride-mass-balance method estimates long-
term mean recharge rates with the assumption that there are no other sources or sinks for the 
deposited chloride.  


Herczeg and Love (2007) indicated that extreme care should be used when applying the saturated 
zone chloride-mass-balance method to large temporal scales, as the amount of rainfall and the 
amount of chloride in rainfall likely varies temporally. This is an important consideration when 
assessing palaeo-recharge and predicting future recharge, which are discussed further in Section 
4.3.  







NSW Department of Planning, Industry and 
Environment 
Southern and Eastern Recharge Groundwater Sources  


Literature Review and Recommended Recharge 
Rates  


 


200211R_Literature Review Recharge.docx 


 


Page 23 
D10200A04     February 2020  
 


4.2.2 Unsaturated Zone Chloride-Mass-Balance Method 


The unsaturated zone chloride-mass-balance method requires continuous coring from the ground 
surface to the water table. Chloride enters the soil zone with meteoric water and the water is 
subsequently lost by evapotranspiration, leaving residual chloride proportional to the amount of 
water lost. The nature of the chloride profile reflects the balance between diffuse recharge and 
preferred pathway flow. Bulges in chloride concentrations in the upper portion of the hole 
followed by a steady or slow decline can be used to estimate diffuse recharge. Lower chloride 
concentrations in deeper parts of the hole may represent zones where water is transmitted via 
preferred pathway flow.  


4.2.3 Percentage of Annual Rainfall 


Recharge has historically been expressed as a percentage of average annual rainfall for ease of 
reference and application to modelling studies; however, this approach is overly simplistic except 
when there is a long-time scale or the recharge area is quite large. The study by Barron et al. 
(2010) indicated that annual rainfall was a major factor influencing recharge; however, rainfall 
intensity was more of a contributing factor. This was a common theme across the majority of 
literature reviewed: preferred pathway flow, which requires episodic, high-rainfall events, is the 
dominant recharge mechanism in the intake beds, especially compared to diffuse recharge. 
Estimating recharge using a percentage of average annual rainfall only does not fully capture 
these events. 


Another reason this estimation method is simplistic is that rainfall is not the only mechanism 
affecting recharge: topography, land use, vegetation, soil or surficial geology, and hydraulic 
properties of the subsurface also need to be considered. With that being said, this is still a useful 
method to provide a general indicator of recharge or to quickly confirm recharge rates from other 
estimation methods.  


4.2.4 Groundwater Hydrograph Analysis 


Evidence of localised recharge from stream leakage may be observed in groundwater hydrographs 
from nearby monitoring bores. The groundwater level response to changing stream flows and 
levels over time can then be evaluated to estimate recharge.  


This method is best applied to shallow water tables that show sharp water level increases and 
decreases. It is important to note that changes in the groundwater level may be unrelated to 
recharge (i.e. groundwater extraction). 


4.2.5 Radiocarbon and Stable Isotope Dating 


Radiocarbon or stable isotope dating of groundwater can be used to determine groundwater 
velocities, which in some situations may be related to recharge rates. Preferred pathway flow is 
supported by the occurrence of modern groundwater, as shown by age dating, at considerable 
depth in some bores, indicating a relatively quick recharge mechanism. Groundwater dating 
techniques are also useful as they can provide information about the groundwater systems over 
large time scales.  
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4.3 Historical and Future Recharge Rates 


Palaeo-recharge can be estimated from the combination of stable isotopes and detailed 
groundwater chemistry results. Love et al. (2000), Herczeg and Love (2007), and Radke et al. 
(2000) suggested that both wetter climates and higher recharge rates (potentially at least three 
times greater) occurred in the past, with regional rainfall and diffuse recharge in steady decline 
from 130,000 to 10,000 years ago and intermittent periods of no recharge. Habermehl et al. 
(2009) assessed stable isotopes, radioactive isotopes, and detailed groundwater chemistry, and 
observed that recharge processes in the southern intake beds of the GAB showed the same 
evaporative concentration for the past ~30,000 years and isotopic composition had been 
relatively constant over that period. This may suggest that recharge rates may not have not 
changed substantially over time in the southern intake beds of the GAB. 


Few studies have been completed worldwide assessing the impact of future climate variations on 
groundwater resources and, in particular, recharge. Welsh et al. (2012) developed models so that 
the impact of climate and groundwater development on groundwater levels in 2070 could be 
assessed. The future climate scenarios included a change of rainfall and evaporation (extreme wet 
conditions, current conditions, and dry conditions). The results indicated that recharge is 
predicted to:  


 Increase everywhere in the Southern and Eastern Recharge Groundwater Sources if the 
current climate and development stay the same;  


 Decrease in the northern and southern parts of the groundwater sources and increase in 
the remaining parts of the groundwater sources if the current climate stays the same but 
development (i.e. extraction) increases; 


 Increase everywhere in the groundwater sources under extreme wet conditions (for both 
current and future development); and  


 Decrease in the majority of the areas under extreme dry conditions (for both current and 
future development).  


Barron et al. (2010) focused on the impact of future climate variations on groundwater in 
Australia. Key results include: 


 The climate type for the Southern and Eastern Recharge Groundwater Sources had not 
changed since at least 1939 and were not predicted to change by either 2030 or 2050.  


 Annual rainfall is a major factor influencing recharge; however, recharge is more 
dependent on rainfall intensity. Rainfall intensity under future climate scenarios is 
important to project, particularly in the southern region of the country. 


 A single global climate model, downscaling method (from regional-scale to local-scale), 
and hydrological model may be inadequate for future groundwater resources projection, 
and instead, multiple models and methods may be required.  


4.4 Historical Recharge Estimates (compiled from Literature Review) 


Recharge estimates from the literature review for New South Wales, New South Wales and 
Queensland, and Queensland are summarised in Table 4.1, Table 4.2, and Table 4.3, respectively. 
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Table 4.1 Summary of Recharge Estimates from Literature Review – New South Wales 


Source State Location Details 
Recharge Area 


(km2) Estimation Method Comments 
ML/year mm/year 


Mulholland 
(1950) NSW 


western flanks of the 
Warrumbungle Ranges 


in the Coonamble 
Embayment 


2,880  453 percentage (15%) of annual rainfall 
from Wolfgang (2000): appears low due 


to underestimation of recharge area 
and the prevailing rainfall rate 


Wolfgang (2000) NSW Coonamble Embayment 
intake beds 


370 to  
1,830 0.2 to 1.1 1,625 


36Cl age data from Radke et al. (2000) 
and Pilliga Sandstone storage volume 


from Wolfgang (2000): appears low; 
residence time calculations suggest this 


should be reassessed 


Wolfgang (2000) NSW Coonamble Embayment 
intake beds 9,740 


6 
(1.2 to 
51.2) 


1,625 chloride-mass-balance in saturated 
zone; log mean of 6 mm/year 


from Wolfgang (2000): consistent with 
lower values estimated from studies 


conducted in QLD 


Wolfgang (2000) NSW Coonamble Embayment 
intake beds 


9,740 to 
48,750 6 to 30 1,625 


applied recharge rates (mm/year) 
estimated from separate studies 


conducted in QLD 
 


DWE (2009a, 
2009b, 2014) NSW Southern Recharge 


Groundwater Source 106,000   not provided 


recharge flux calculated from long-term 
average net recharge reported in DWE 
(2014) (42,400 ML/year) assuming that 


60% throughflow is occurring 
(McCallum, A., pers. comm)  


DWE (2009a, 
2009b, 2014) NSW Eastern Recharge 


Groundwater Source 47,500   not provided 


recharge flux calculated from long-term 
average net recharge reported in DWE 
(2014) (19,000 ML/year) assuming that 


60% throughflow is occurring 
(McCallum, A., pers. comm) 


Habermehl et al. 
(2009) NSW intake beds  0.1 to 9.0  chloride profiles in unsaturated zone diffuse recharge 


Habermehl et al. 
(2009) NSW intake beds  1.5 to 41.3  chloride profiles in unsaturated zone preferred pathway flow 


Habermehl et al. 
(2009) NSW intake beds  0 to 10  chloride profiles in saturated zone assume all mechanisms 


Habermehl et al. 
(2009) NSW intake beds 295,000 9 32,740 chloride-mass-balance for 


unsaturated and saturated zones  
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Source State Location Details 
Recharge Area 


(km2) Estimation Method Comments 
ML/year mm/year 


Kellett et al. 
(2012) NSW intake beds 84,000 9 9,300 


applied recharge rate (mm/year) 
from Habermehl et al. (2009) to a 


smaller area 
 


Smerdon et al. 
(2012a) NSW intake beds  0.7 to 47.8 


(mean 8.1)  chloride-mass-balance in saturated 
zone  


Crosbie et al. 
(2018) NSW Gwydir Study Area  


6 to 10.4 
(median 


7.8) 
 chloride-mass-balance and 


regressional kriging area extends to west of intake beds 


Crosbie et al. 
(2018) NSW Namoi Study Area  


6.4 to 10.2 
(median 


7.8) 
 chloride-mass-balance and 


regressional kriging area extends to west of intake beds 


Crosbie et al. 
(2018) NSW Central West Study Area  


4.7 to 7.5 
(median 


5.8) 
 chloride-mass-balance and 


regressional kriging area extends to west of intake beds 


Notes: Blank cell = data was not provided in the literature. 
NSW = New South Wales, QLD = Queensland. 
 


Table 4.2 Summary of Recharge Estimates from Literature Review – New South Wales and Queensland 


Source State Location Details 
Recharge Area 


(km2) Estimation Method Comments 
ML/year mm/year 


Welsh et al. 
(2012) 


NSW 
and 
QLD 


all of GAB except 
northern Cape York 


Peninsula 
185,000 0 to 33 


(mean 2.4)  numerical model (GABtran) recharge flux (ML/year) was provided in 
Smerdon et al. (2012a) 


Smerdon et al. 
(2012a) 


NSW 
and 
QLD 


Surat Basin: Cadna-owie 
- Hooray aquifer and 


equivalents 
157,000   chloride-mass-balance in saturated 


zone  


Ransley et al. 
(2012b) 


NSW 
and 
QLD 


Surat Basin: Cadna-owie 
- Hooray aquifer and 


equivalents and Hutton 
aquifer 


237,500   conceptual diagrams potential incorrect recharge fluxes used 
for this estimate 


Notes: Blank cell = data was not provided in the literature. 
NSW = New South Wales, QLD = Queensland, Surat CMA.  
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Table 4.3 Summary of Recharge Estimates from Literature Review – Queensland 


Source State Location Details 
Recharge Area 


(km2) Estimation Method Comments 
ML/year mm/year 


Kellett et al. 
(2003) QLD intake beds  0.03 to 2.4  various methods diffuse recharge 


Kellett et al. 
(2003) QLD intake beds  0.5 to 28.2  various methods preferred pathway flow 


Kellett et al. 
(2003) QLD intake beds  up to 30  various methods localised recharge 


Kellett et al. 
(2003) QLD Hooray Sandstone 


aquifer and equivalents 264,590   chloride-mass-balance in the 
saturated zone  


Kellett et al. 
(2003) QLD Hutton Sandstone 


aquifer 115,860   chloride-mass-balance in the 
saturated zone  


Kellett et al. 
(2003) QLD Border Rivers 


Catchment 41,680   chloride-mass-balance in the 
saturated zone  


OGIA (2016a) QLD Surat CMA intake beds 358,331 8.9  chloride-mass-balance in the 
saturated zone  


OGIA (2016b) QLD Surat SMA intake beds 172,263 4.3  numerical model using recharge 
inputs from OGIA (2016a)  


KCB (2016) QLD Surat CMA intake beds 
230,000 


to 
250,000 


  estimated values based on previous 
data  


OGIA (2019) QLD Surat CMA intake beds 300,000 9  chloride-mass-balance  
Notes: Blank cell = data was not provided in the literature. 


NSW = New South Wales, QLD = Queensland, Surat CMA = Surat Cumulative Management Area. 
Methods to estimate recharge rates in Kellett et al. (2003) included hydrograph analysis, chloride-mass-balance calculations, radiocarbon dating of groundwater, and 
stable isotope analysis. 
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4.4.1 Discussion on the Historical Recharge Rate Estimates 


Recharge rates estimated in New South Wales (Table 4.1) range from 0.1 mm/year (Habermehl et 
al. 2009) to 51.2 mm/year (Wolfgang 2000); however, the majority of the mean rates range 
between 6 mm/year and 10 mm/year. These rates are comparable to the mean recharge rates 
estimated in recent studies in Queensland, ranging from 4 mm/year to 9 mm/year (Table 4.3).  


Recharge rates estimated in early studies by Mulholland (1950) and Wolfgang (2000) can largely 
be ignored when estimating the recharge rate for the Southern and Eastern Recharge 
Groundwater Sources, as they are focused on only a small portion of the intake beds in New South 
Wales (i.e. the western Coonamble Embayment).  


The study by Kellett et al. (2003) was one of the first and most detailed studies focused on 
quantifying recharge rates in the Surat Basin. As part of this study, recharge rates for diffuse 
recharge, preferred pathway flow, and localised recharge were estimated separately. While this 
study was focused on the Queensland portion of the intake beds, the rates estimated are relevant 
to New South Wales, but may require adjustments for factors such as climate and geology. 
Habermehl et al. (2009) conducted a similar study for the New South Wales portion of the Surat 
Basin, focusing on diffuse recharge and preferred pathway flow only. For both the Queensland 
and New South Wales studies, the range of rates estimated for preferred pathway flow were 
higher than for diffuse recharge.  


The diffuse recharge rates from Kellett et al. (2003) are quite a bit lower than the diffuse recharge 
rates from Habermehl et al. (2009), which is unexpected as diffuse recharge is expected to be 
higher in Queensland due to higher rainfall in this area of Australia. The lower recharge rates from 
Kellett et al. (2003) are from a smaller study area and data set, with three years of rainfall data 
collected from two weather stations and chloride concentrations from over 600 bores. The 
Habermehl et al. (2009) estimates are from a larger study area and data set, with recharge rates 
estimated from the long-term mean annual rainfall from ten weather stations and chloride 
concentrations in groundwater from over 13,000 bores. It is possible that the diffuse recharge 
rates measured by Kellett et al. (2003) are lower than average as a result of the smaller study 
area, which may be located in an area that has lower rainfall amounts, lower chloride 
concentrations in rainfall, and/or higher chloride concentrations in groundwater, all of which may 
result in a lower recharge rate.  


A mean recharge rate of 9 mm/year was estimated by Habermehl et al. (2009) using the saturated 
zone chloride-mass-balance method. This value is consistent with the rest of the measurements 
for New South Wales and is comparable with recent estimates by OGIA in Queensland, which 
were also estimated using the chloride-mass-balance method.  


The study by Crosbie et al. (2018) was focused on coal-bearing basins in eastern New South Wales 
rather than just the intake beds of the GAB or Surat Basin. Three study areas, delineated by 
surface water catchments, include the intake beds of the Southern and Eastern Recharge 
Groundwater Source Areas (Figure 4.1). Recharge rates were estimated for the Jurassic sediments 
(i.e. the Pilliga Sandstone) for each of the study areas using a combination of chloride-mass-
balance and regressional kriging to upscale from point-scale to regional-scale. Recharge rates 
ranged between 4.7 mm/year and 10.4 mm/year and decreased from northeast to southwest. 
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Figure 4.1 Gwydir, Namoi, and Central West Study Areas (used in Crosbie et al. 2018) 


4.4.2 Discussion on the Historical Area Estimates 


The recharge areas assessed in New South Wales have varied between studies ranging from 
453 km2 (for the western Coonamble Embayment) to 32,740 km2 (for the entire intake bed area in 
New South Wales). The large range is in part due to the individual studies varying in scale from 
regional, such as Habermehl et al. (2009) being focused on the entire intake bed area in New 
South Wales, to local, such as Wolfgang (2000) being focused on sub-areas (i.e. the Western 
Coonamble Embayment). Adequately delineating the recharge area for the intake beds is an 
important factor for estimating recharge flux. 


The Southern and Eastern Recharge Groundwater Sources have areas of approximately 
23,600 km2 and 6,100 km2 respectively, for a total area of approximately 29,700 km2. This is 
similar to the recharge area used by Habermehl et al. (2009) (32,740 km2). Kellett et al. (2012) 
assessed this area as being too large and subsequently reassessed the extent of the intake beds as 
part of water table mapping. The intake bed area was reduced to 9,300 km2 after removal of the 
following: mapped basalts, basement inliers, Warrumbungle dolerites, Garrawilla Volcanics, and 
intake beds west of Narromine. The extent of the reduced recharge area was not produced within 
their report. 
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4.4.3 Discussion on the Historical Recharge Flux Estimates 


While recharge rates measured across the intake beds in New South Wales are relatively 
consistent, large discrepancies are evident when translating from a recharge rate in mm/year to 
recharge flux in ML/year. This is because the area of the intake beds varies between studies, as 
discussed in Section 4.4.2. Because of this, this discussion on historical recharge fluxes calculated 
from historical literature is limited.  


The study by OGIA (2016a) estimated recharge rates and fluxes for the individual 
hydrostratigraphic units in the Queensland portion of the Surat Cumulative Management Area 
using the saturated zone chloride-mass-balance method. The study by OGIA (2016b) used these as 
inputs into a numerical model to refine the recharge estimates. The Bungil Formation, Mooga 
Sandstone, and Gubberamunda Sandstone are three of the intake beds in Queensland, and are 
hydrogeologically equivalent to the Pilliga Sandstone in New South Wales. Conceptually, the 
recharge rates for these three aquifers range between 1.1 mm/year and 5.0 mm/year, with a flux 
of 39,937 ML/year (OGIA 2016a). When these values are numerically modelled, the recharge flux 
reduced to 25,253 ML/year (OGIA 2016b). These values are lower but within the same order of 
magnitude as the estimated recharge flux estimated by Kellett et al. (2012) using a mean recharge 
rate of 9 mm/year and an area of 9,300 km2 (84,000 ML/year). The differences are due to lower 
recharge rates and a smaller intake area for the Bungil Sandstone, Mooga Sandstone, and 
Gubberamunda Sandstone compared to the Pilliga Sandstone. 
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5 RECHARGE FOR THE SOUTHERN AND EASTERN RECHARGE GROUNDWATER 
SOURCES 


Recharge rates and fluxes for the Southern and Eastern Recharge Groundwater Sources have been 
estimated from the reviewed literature. Differing assumptions for recharge mechanisms, 
estimation methods, and recharge areas between previous studies contribute to the variations 
observed between the individual studies. A summary of recharge for the Southern and Eastern 
Recharge Groundwater Sources is provided in the following sections. 


5.1 Recharge Mechanisms 


Diffuse recharge is expected to occur across most of the intake beds that make up the Southern 
and Eastern Recharge Groundwater Sources. Where rivers and streams overlie permeable 
sandstone, localised recharge may occur when these surface water bodies are flowing or contain 
standing water. Preferred pathway flow may occur where sub-surface features or discontinuities 
that are more permeable than the Pilliga Sandstone and Keelindi Beds are present. Flow within 
these zones is likely to be episodic and occur when rainfall events saturate overlying regolith, 
where present. Mountain system recharge from the Great Dividing Range is also likely 
contributing to recharge to the intake beds of the Southern and Eastern Recharge Groundwater 
Sources. 


5.2 Estimation Method 


Most previous studies completed in New South Wales and Queensland have concluded that the 
saturated zone chloride-mass-balance method is appropriate for estimating recharge to the intake 
beds. This approach was also recently used in updates to the Underground Water Impact Report 
for the Surat Cumulative Management Area by OGIA (2019) and, in the absence of additional data, 
is also preferred to estimate recharge for the intake beds of the Southern and Eastern Recharge 
Groundwater Sources. This approach is suited to the regional scale of this assessment as it 
considers contributions from all recharge mechanisms and excludes rejected recharge and 
evapotranspiration effects. 


5.3 Recharge Areas 


The Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 2008 (DWE 2014) 
indicates that the Southern and Eastern Recharge Groundwater Sources include groundwater 
within Cretaceous, Jurassic, and Tertiary rocks and alluvial sediments spatially constrained within 
the groundwater source boundaries shown in Figure 1.1.  


Digital surficial geology data from the Geological Survey of New South Wales statewide database 
was used to estimate recharge areas. Groundwater sources included in adjoining or overlapping 
water sharing plans were excluded from the assessment to minimise double accounting of 
recharge. These excluded areas included:  


 Unconsolidated alluvial sediments within the Lower Namoi Groundwater Source and the 
Upper Namoi Zone 5, Namoi Valley (Gin’s Leap to Narrabri) Groundwater Source (from the 
Water Sharing Plan for the Upper and Lower Namoi Groundwater Source 2019). 
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 Alluvial sediments within the Castlereagh Alluvial Groundwater Source and the Castlereagh 
River Unregulated Water Source (from the Water Sharing Plan for the Castlereagh River 
Unregulated and Alluvial Water Sources 2011). 


 Alluvial sediments within the NSW Border Rivers Downstream Keetah Bridge Alluvial 
Groundwater Source, NSW Border Rivers Upstream Keetah Bridge Alluvial Groundwater 
Source, Macintyre Alluvial Groundwater Source, and Ottleys Creek Alluvial Groundwater 
Source (from the Water Sharing Plan for the NSW Border Rivers Unregulated and Alluvial 
Water Sources 2012).  


 Alluvial sediments within the Macquarie Bogan Alluvial Groundwater Source (from the 
Water Sharing Plan for the Macquarie Bogan Unregulated and Alluvial Water Sources 
2012). 


 All rocks that are not of Cretaceous, Jurassic, and Tertiary ages and all alluvial sediments in 
the Lachlan Fold Belt MDB Groundwater Source and New England Fold Belt MDB 
Groundwater Source (from the Water Sharing Plan for the NSW Murray Darling Basin 
Fractured Rock Groundwater Sources 2011). 


 All basalt and sediments of Tertiary age and all alluvial sediments in the Warrumbungle 
Basalt Groundwater Sources (from the Water Sharing Plan for the NSW Murray Darling 
Basin Fractured Rock Groundwater Sources 2011). 


 All rocks that are not of Cretaceous, Jurassic, and Tertiary ages and all alluvial sediments in 
the Gunnedah-Oxley Basin MDB Groundwater Source (from the Water Sharing Plan for the 
NSW Murray Darling Basin Porous Rock Groundwater Sources 2011). 


Figure 5.1 shows the updated recharge areas for the Southern and Eastern Recharge Groundwater 
Sources and excluded areas. Table 5.1 summarises the updated recharge areas for the Southern 
and Eastern Recharge Groundwater Sources. 


Table 5.1 Updated Recharge Areas for the Southern and Eastern Recharge Groundwater 
Sources 


Groundwater Source 
Updated 


Recharge Area 
(km2) 


Percentage of Area Assessed by: 
Habermehl et al. 


(2009) 
(32,740 km2) 


Kellett et al. 
(2012) 


(9,300 km2) 
Southern Recharge Groundwater Source 18,531 not calculated as areas were not 


delineated in Habermehl et al. 
(2009) and Kellett et al. (2012) Eastern Recharge Groundwater Source 5,656 


TOTAL 24,187 74% 260% 
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Figure 5.1 Updated Recharge Areas for the Southern and Eastern Recharge Groundwater Sources (excluded areas also shown)
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5.4 Recharge Rates and Fluxes 


5.4.1 Recharge Rates 


Smerdon et al. (2012a) estimated recharge in the intake beds of New South Wales using the 
saturated zone chloride-mass-balance method, incorporating data from a 2011 map of chloride 
deposition for Australia (Leaney et al. 2011) and chloride concentrations in groundwater from 
Kellett et al. (2003) and Habermehl et al. (2009).  


Using the recharge estimates from Smerdon et al. (2012a) and the updated recharge areas 
provided in Section 5.3, the recharge rates for the Southern and Eastern Recharge Groundwater 
Sources were estimated. The rates are provided in Table 5.2 and shown in Figure 5.2. The Total 
Recharge Rate (mm/year) listed in Table 5.2 was calculated by summing the recharge rates from 
Smerdon et al. (2012a) for the updated areas of the Southern and Eastern Recharge Groundwater 
Sources.  


Table 5.2 Estimated Recharge Rates for the Southern and Eastern Recharge Groundwater 
Sources 


Recharge Rate Southern Recharge 
Groundwater Source 


Eastern Recharge 
Groundwater Source 


Southern and Eastern Recharge 
Groundwater Sources 


Mean (mm/year) 7.5 10.2 8.0 
25th Percentile (mm/year) 2.3 6.5 - 
50th Percentile (mm/year) 3.7 10.1 - 
75th Percentile (mm/year) 8.1 13.6 - 


Total (mm/year) 5,468 2,013 - 
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Figure 5.2 Estimated Recharge Rates for the Southern and Eastern Recharge Groundwater Sources 
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Across the majority of the Southern and Eastern Recharge Groundwater Sources, recharge rates 
are less than 10 mm/year. Recharge rates up to 47.8 mm/year are interpreted near the centre of 
the Southern Recharge Groundwater Source where the Pilliga National Park and Pilliga State 
Conservation Area are located. The vegetation in this undeveloped area is different to the 
surrounding developed area, which may be the cause for the higher recharge rates. Higher 
recharge rates in the Eastern Recharge Groundwater Source may be a response to the shift from 
native to summer crops and irrigated crops in this area (Smerdon et al. 2012a). 


5.4.2 Relationship between Mean Annual Rainfall and Recharge 


As a general indicator of recharge, mean annual rainfall across the Southern and Eastern Recharge 
Groundwater Sources varies between 400 mm to 500 mm in the southwest to 600 mm to 700 mm 
in the north, with higher rainfall in some isolated higher altitude areas along the eastern edge of 
the groundwater sources. An average recharge rate of 8.0 mm/year (from Table 5.2) equates to 
1% to 2% of mean annual rainfall, while the areas of higher recharge (up to 47.8 mm/year) equate 
to 5% to 12% of mean annual rainfall. This is generally consistent with historical literature, which 
estimated recharge rates ranged between 1% to 7% of mean annual rainfall.  


5.4.3 Recharge Fluxes 


Using the recharge estimates in Table 5.2 and the updated recharge areas in Table 5.1, total 
recharge flux was calculated for the intake beds, with results provided in Table 5.3.  


Table 5.3 Estimated Recharge Fluxes for the Southern and Eastern Recharge Groundwater 
Sources using Recharge Rates from Smerdon et al. (2012a) 


Recharge Flux Southern Recharge Groundwater Source Eastern Recharge Groundwater Source 
Updated Area (km2) 18,531 5,656 


Mean (ML/year) 138,983 57,691 
25th Percentile (ML/year) 42,621 36,764 
50th Percentile (ML/year) 68,565 57,126 
75th Percentile (ML/year) 150,101 76,922 


Total (ML/year) 138,226 57,806 
 
The recharge fluxes for the Southern Recharge Groundwater Source and the Eastern Recharge 
Groundwater Source are order of magnitude comparable to the recharge fluxes used to calculate 
long-term average net recharge in the current Water Sharing Plan for the NSW Great Artesian 
Basin Groundwater Sources (DWE 2014) (106,000 ML/year and 47,500 ML/year, respectively).  


Based on the information reviewed as part of this study, the recommended recharge fluxes to 
inform the resource extraction limit are: 


 Southern Recharge Groundwater Source: 138,200 ML/year, with a range of 
42,600 ML/year to 150,100 ML/year (calculated using the 25th and 75th percentiles). 


 Eastern Recharge Groundwater Source: 57,800 ML/year, with a range of 36,800 ML/year 
to 76,900 ML/year (calculated using the 25th and 75th percentiles). 


As discussed in Section 4.3, the limited information available regarding the impact of future 
climate variations on groundwater resources is currently insufficient to predict future recharge 
rates and fluxes. 
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6 CLOSING 


This report is an instrument of service of Klohn Crippen Berger Ltd (KCB). The report has been 
prepared for the exclusive use of New South Wales Department of Planning, Industry and 
Environment (Client) for the specific application to the Southern and Eastern Recharge 
Groundwater Sources - Recharge Review project, and it may not be relied upon by any other party 
without KCB's written consent. 


KCB has prepared this report in a manner consistent with the level of care, skill and diligence 
ordinarily provided by members of the same profession for projects of a similar nature at the time 
and place the services were rendered. KCB makes no warranty, express or implied. 


 


Yours truly, 


KLOHN CRIPPEN BERGER LTD 
 
 


 
Carlin Pacholko, P.Geo.   Andrew Hovey, RPGeo 
Senior Hydrogeologist    Senior Hydrogeologist, Associate 


cp/ah:sj 
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Appendix I  
Literature Review 


I-1 THE GREAT ARTESIAN BASIN, AUSTRALIA (HABERMEHL 1980) 


This report is a technical interpretation of the Great Artesian Basin (GAB), covering all elements of 
the system at the time of authorship, including previous investigations and sources of data, 
geology, groundwater hydrology, groundwater resources, and groundwater utilisation. It covers 
all areas of the GAB: New South Wales, Queensland, South Australia, and the Northern Territory. 


Outcrop areas of aquifers, most of which provide the opportunity for recharge to the aquifer 
units, occur mainly along the eastern margins of the GAB. Most recharge areas are on the western 
slope of the Great Dividing Range, though some aquifers in rocks of Triassic age outcrop on the 
eastern side of the surface watershed and dip to the southwest. Recharge areas vary from scarp-
bounded plateaus and cuestas to alluvial or rolling country, traversed by creeks and rivers. Some 
recharge takes place through Cainozoic sandy sediments overlying sandstone units.  


Discharge from the GAB occurs as natural discharge from concentrated spring outflow, vertical 
leakage towards the regional water table, and subsurface outflow into neighbouring basins, and 
as artificial discharge by means of free-flowing bores and pumped discharge from sub-artesian 
bores. The largest concentrations of springs are in the southern, south-central, and southwestern 
parts of the basin. There are few springs in or near the intake areas in New South Wales, with flow 
primarily the result of ‘overfilling’ of aquifers (i.e. rejected recharge). Spring discharges generally 
have declined since the early development of the bores in the GAB. 


Flowing artesian bores occur mainly in the northern, eastern, and southern marginal areas of the 
GAB, and in most of the south-central part (Figure I-1.1). In the eastern marginal parts, there are 
many non-flowing artesian bores. The GAB is indicated by the grey boundary in Figure I-1.1.  


Prior to development, the GAB was in a natural steady-state condition, with an equilibrium 
between recharge and natural discharge (e.g. by springs, vertical leakage, and some lateral 
outflow). Following development, artificial discharge by bores became very prominent and 
vertical leakage and spring discharge diminished. A visible effect has been the reduction in flow 
from springs in the south-central and southwestern parts of the basin. Abstraction by bores 
caused a steepening of the hydraulic gradient and allowed more recharge water to enter the 
system (from about 26 m3/s to 35 m3/s). Habermehl (1980) indicated that, at present (i.e. 1980), a 
new steady-state condition had been reached in which total recharge and discharge were 
reaching equilibrium again; this was not expected to change significantly provided no new major 
developments occurred. Continued or increased development of the GAB by drilling more flowing 
and non-flowing artesian water bores or abstracting more water from existing bores by pumping 
was predicted to further lower the potentiometric surface and, in time, result in diminishing flows 
and cause more bores to cease flowing.  


A previous study (Hind and Helby 1969) estimated that groundwater movement in the Coonamble 
Embayment varied between 1.6 m/year and 10 m/year. The study by Habermehl (1980) estimated 
that groundwater movement in the eastern marginal areas of the basin had an average velocity 
between 1 m/year and 5 m/year.  
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This is a frequently cited body of work that remains largely contemporary in its interpretation and 
forms strong linkage to later, more detailed investigations. Of note, the reference list for this 
paper is extensive. 


 


Figure I-1.1 Location of Flowing Artesian Water Bores (from Habermehl 1980) 


I-2 HYDROGEOLOGY OF THE PILLIGA SANDSTONE AQUIFER IN THE WESTERN 
COONAMBLE EMBAYMENT AND ITS IMPLICATIONS FOR WATER 
RESOURCE MANAGEMENT (WOLFGANG 2000) 


This PhD thesis is focused on the Pilliga Sandstone aquifer in the western Coonamble Embayment, 
a portion of the GAB in New South Wales. The water balance for this unit was approximated using 
geological, hydrogeological, and hydrogeochemical analyses completed as part of the thesis. It 
was determined that rechange in this area was primarily from rainfall and possibly river leakage, 
with minimal inflow laterally, upwards, or downwards from surrounding aquifers. Only diffuse 
recharge was estimated, as the data to estimate localised recharge from rivers was either not 
available or did not support that method of recharge.  
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The conceptual model for recharge to this portion of the GAB was via outcrops and subcrops of 
the Pilliga Sandstone aquifer along the western slopes of the Great Dividing Range through alluvial 
fans on the Warrumbungle Ranges in the southern and eastern portions of the Coonamble 
Embayment. The flow regime within the Coonamble Embayment was thought to be isolated from 
the rest of the GAB. Localised recharge was inferred to have changed over geological time due to 
Warrumbungle volcanism and climate shifts. 


The author surmised from previous studies that the area in which recharge occurred in the 
Coonamble Embayment may range from 453 km2 to 35,000 km2. The large range is due to some 
studies only considering a small portion of the intake beds being permeable and other studies 
including units other than the Pilliga Sandstone (such as the Cainozoic alluvium and fractured 
rocks and volcanics in the Warrumbungle Ranges). The author indicated that there was 
uncertainty regarding the rate of recharge previously used for the Pilliga Sandstone in the 
Coonamble Embayment, in part due to widely-ranging estimates of recharge area.  


Historical estimates of diffuse recharge, as well as estimates determined by Wolfgang (2000) using 
an intake area of 1,625 km2 (selected based on an interpretation of the drainage patterns of the 
Warrumbungle Ranges), are provided in Table I-2.1. The author proposed that a study should be 
conducted to confirm the recharge area for the main portion of the Pilliga Sandstone in the 
Coonamble Embayment so that recharge could be estimated more accurately. 


Table I-2.1 Recharge Estimates (from Wolfgang 2000) 


Source Location 
Recharge 


Rate 
(mm/year) 


Area 
(m2) 


Recharge 
Flux 


(ML/year) 
Estimation Method 


Wolfgang (2000) 
Comments on 


Data 


Mulholland 
(1950) 


western flanks 
of the 


Warrumbungle 
Ranges in the 
Coonamble 
Embayment 


 453 2,880 percentage (15%) of 
annual rainfall  


appears low due 
to 


underestimation 
of recharge area 
(did not include 


most of the 
Warrumbungle 
Ranges due to 


structural 
considerations) 


and the 
prevailing rainfall 


rate 


Wolfgang 
(2000) 


Coonamble 
Embayment 
intake beds 


0.2 to 1.1 1,625 370 to 
1,830 


36Cl age data from 
Radke et al. (2000) and 


estimated Pilliga 
Sandstone storage 


volume 


appears low; 
residence time 


calculations 
suggest this 
should be 
reassessed 


Wolfgang 
(2000) 


Coonamble 
Embayment 
intake beds 


6 1,625 9,740 


chloride-mass-balance 
in saturated zone; log 
mean of 6 mm/year 


(range from 
1.2 mm/year to 
51.2 mm/year) 


consistent with 
lower values 


estimated from 
separate studies 


conducted in 
Queensland 
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Source Location 
Recharge 


Rate 
(mm/year) 


Area 
(m2) 


Recharge 
Flux 


(ML/year) 
Estimation Method 


Wolfgang (2000) 
Comments on 


Data 


Wolfgang 
(2000) 


Coonamble 
Embayment 
intake beds 


6 to 30 1,625 9,740 to 
48,750 


applied recharge rates 
(mm/year) estimated 
from separate studies 


conducted in 
Queensland 


no comments 


Notes: Blank cell indicates data was not provided in Wolfgang (2000). 
 
Based on an assessment of chloride concentrations in precipitation, soil, and groundwater at 14 
bores installed in the Pilliga Sandstone and volcanic, basalt, and fractured rock, Wolfgang (2000) 
estimated that up to 7% of mean annual rainfall recharges groundwater. The highest recharge 
occurred in bores installed in fractured rock. 


I-3 GROUNDWATER RECHARGE IN THE GREAT ARTESIAN BASIN INTAKE 
BEDS, QUEENSLAND (KELLETT ET AL. 2003) 


I-3.1 Background 


This report is a frequently cited technical assessment of groundwater recharge in the Queensland 
portion of the GAB, focused on the intake beds. Most subsequent technical reports addressing 
recharge refer to this report and apply similar procedures.  


An overview of the physiography and hydrogeology of the Queensland GAB is provided as the 
basis for the technical assessments presented in the report. The report presents an analysis and 
interpretation of a broad range of data regarding recharge. The conclusions section of the report 
presents relevant concepts that have been carried across to more recent assessments. A summary 
of the relevant information is provided below; for more details, refer directly to Kellett et al. 
(2003). 


I-3.2 Previous Work 


Key points from Kellett et al. (2003) regarding previous work were: 


 Acknowledgement that there had been little research done on recharge processes in the 
GAB, and measurements of recharge are sparse. 


 A study (Airey et al. 1979) of the environmental isotopes δ2H and δ18O from groundwater 
in flowing artesian bores in the Eromanga Basin supported the assumption of continuing 
meteoric recharge from geological to modern times. This study also equated sodium and 
chloride pulses in groundwater with changes to annual rainfall and redistribution of cyclic 
salts in the intake beds over the past 120,000 years.  


 Calf and Habermehl (1984) measured δ13C and 14C activities in flowing artesian bores and 
identified two areas adjacent to the Queensland intake beds where groundwater 
contained elevated levels of 14C, with the inference being that relatively rapid recharge 
was occurring into the adjacent intake beds. One of the areas was close to Goondiwindi, 
located near the Queensland and New South Wales border. 
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 With a half-life of 300,000 years, 36Cl is not an appropriate isotope for estimating recharge 
rates into the intake beds. 


I-3.3 Investigation Techniques and Interpretation 


Investigation techniques used by Kellett et al. (2003) included: delineation of intake beds using 
geological maps, remote sensing, and airborne gamma-radiometrics datasets; monitoring bore 
drilling and construction; use of automatic water level recorders; core, bore, and rainfall sampling 
and analyses; preparation of water table, depth to water, and chloride concentration maps; and 
radiocarbon dating of groundwater.  


Interpretations were conducted based on bore hydrographs, depth and configuration of the 
regional water table, environmental isotopic signatures, and both unsaturated zone and saturated 
zone chloride-mass-balance methods. These interpretations have allowed for recharge 
mechanisms occurring in the Queensland GAB intake beds to be identified: localised recharge, 
preferred pathway flow, and diffuse recharge.  


I-3.4 Recharge Mechanisms 


Localised recharge occurs beneath rivers, creeks, and alluvial groundwater systems that overlie 
permeable aquifers. The zones are restricted to the alluvium unless the sandstone has been 
eroded by the stream and the aquifer is hydraulically loaded by pools. Direct evidence of localised 
recharge from stream leakage was identified by the hydrograph response in some observation 
bores. Indirect evidence of localised recharge was indicated by groundwater chloride 
concentrations increasing systematically with distance away from recharge streams. It was also 
identified that some streams which flow across the intake beds alternate between being losing 
streams and gaining streams.  


The unsaturated zone and saturated zone chloride-mass-balance methods identified preferred 
pathway flow as an important recharge process in the intake beds of the Queensland GAB. Kellett 
et al. (2003) concluded that, despite limited knowledge, preferred pathway flow is the dominant 
recharge process in the GAB intake beds, likely occurring in bedding plane partings and thin 
porous strata. Rainfall events with high intensity and volume are required to provide sufficient 
saturation of the regolith for recharge events; it is estimated that at least 200 mm of rainfall is 
required within a 30-day period for preferred pathway flow to occur. Since the frequency of these 
high magnitude events is about twice as high in northern Queensland compared to both central 
and southern Queensland, recharge tends to be significantly higher in northern Queensland.  


Diffuse recharge has been identified in all the unsaturated zone chloride profiles. Recharge rates 
were calculated using the chloride-mass-balance method. The area influenced by the process of 
diffuse rainfall recharge is substantial; virtually the entire Queensland GAB intake beds. This 
process therefore has the largest spatial extent of the recharge mechanisms considered. However, 
rates are an order of magnitude lower than preferred pathway flow and localised recharge 
mechanisms.  
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I-3.5 Recharge Rates 


Recharge rates were calculated by various methods throughout the Queensland intake beds. The 
estimates are comparable between each of the methods used. However, in extrapolating data 
from different methods over an area, care must be taken to understand the conditions and 
factors that affect recharge (e.g. climate, vegetation, topography, soil and aquifer attributes, land 
use, etc.).  


Recharge rates are locally variable. Rates have been measured across three orders of magnitude 
from 0.03 mm/year up to 30 mm/year. Diffuse recharge is responsible for the widespread 
addition of less than 0.1 mm/year up to about 3 mm/year over the whole of the intake beds. 
Preferred pathway flow generated by high magnitude rainfall events (>200 mm/month) is variable 
depending on climatic conditions. Localised recharge rates generated by stream leakage are up to 
30 mm/year for this study but may be higher elsewhere. The calculated recharge rates were 
generally supported by radiocarbon age dating of groundwater, as older waters were detected in 
areas with lower estimates of groundwater recharge. Ranges of expected recharge for the 
Queensland intake beds as measured in the study were: 


 Diffuse recharge  0.03 mm/year to 2.4 mm/year 


 Preferred pathway flow  0.5 mm/year to 28.2 mm/year 


 Localised recharge  up to 30 mm/year 


The total volumetric recharge flux estimated from this study was 264,590 ML/year for the Hooray 
Sandstone and equivalents and 115,860 ML/year for the Hutton Sandstone. The Border Rivers 
Catchment, located at the border of Queensland and New South Wales, had an estimated 
recharge flux of 41,680 ML/year. The saturated zone chloride-mass-balance method was used for 
these flux estimates as it produces a lumped long-term recharge rate damped against annual and 
seasonal variations in rainfall and weather patterns, and chloride input. The advantage of using 
this method to estimate recharge is that it removes the bias due to point sampling in the 
unsaturated zone, an important consideration in the intake beds where heterogeneities over 
horizontal distances of the order of tens of metres are the rule rather than the exception. Also, 
the saturated zone represents the accumulation of all inputs (diffuse, preferred pathway flow, and 
localised recharge) and, since chloride profiles indicate bypass recharge is significantly higher than 
diffuse recharge, groundwater chlorinity should be more influenced by the chemistry of the 
bypass flow water than the diffuse recharge. A disadvantage of using the saturated zone chloride-
mass-balance method is that the groundwater at each sampling site is composed of a mixture of 
chloride that has infiltrated vertically and chloride that has been transmitted laterally from 
upgradient. 


I-3.6 Relationship between Rainfall and Recharge 


Historically, recharge to the GAB intake beds has been expressed as a percentage of average 
annual rainfall. This percentage has been estimated to vary between 1% and 3% in the 
Queensland and New South Wales intake beds, but in some cases, percentages of up to 5% of 
average annual rainfall have been proposed. Kellett et al. (2003) indicate that the notion of 
recharge expressed as a percentage of annual rainfall is overly-simplistic. This study has 
established that rainfall of the order of 200 mm or greater over a single month is required to 
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generate preferred pathway type recharge. These episodic, high magnitude rainfall events 
dominate recharge in the intake beds (in particular in northern Queensland), and recharge 
therefore needs to be considered as a function of the frequency of high magnitude rainfall events 
and should be regarded in terms of a recharge area index. 


I-4 REVIEW OF RECHARGE MECHANISMS FOR THE GREAT ARTESIAN BASIN 
(HERCZEG AND LOVE 2007) 


I-4.1 Background 


The project areas reviewed by Herczeg and Love (2007) were: the western margin of the GAB, 
stretching from near Woomera in South Australia, north, then northeast across the southeast of 
the Northern Territory and into southwest Queensland; and the Coonamble Embayment within 
the New South Wales portion of the GAB (Figure I-4.1). The recharge zones are those areas where 
the GAB either outcrops or where overlying water table aquifers have higher heads than the main 
GAB aquifer.  


 


Figure I-4.1 Delineation of the Project Areas (from Herczeg and Love 2007) 


The Coonamble Embayment is thought to be an isolated part of the GAB, with discharge and 
recharge occurring within the embayment and little, if any, connection to the remainder of the 
GAB outside of New South Wales. There have been varying estimates of the water balance of the 







NSW Department of Planning, Industry and 
Environment 
Southern and Eastern Recharge Groundwater Sources  


Literature Review and Recommended Recharge Rates 
Appendix I - Literature Review 


 
 


Appendix I.docx 


 


Page I-8 
D10200A04  February 2020   
 


Pilliga Sandstone aquifer system, with recharge rates and fluxes varying by nearly two orders of 
magnitude.  


Current recharge rates may be much less than in the past, and storage within the aquifer may be a 
legacy of higher recharge rates that were prevalent during much wetter periods many tens to 
hundreds of thousands of years ago. The only historical reference to quantifying palaeo-recharge 
was from Love et al. (2000), who suggested that recharge rates approximately 30,000 years ago 
along the western margin of South Australia were likely to be at least three times greater based 
on a decrease in chloride concentrations and depletion of the stable isotopes of the water 
molecule along groundwater flow paths.  


The large variation in rainfall in Australia in both time and space has resulted in groundwater 
recharge varying temporally and spatially. This variability is particularly pronounced in the semi-
arid and arid regions of the continent.  


I-4.2 Recharge Mechanisms 


This study indicated that the three dominant recharge mechanisms in the Coonamble Embayment 
are diffuse recharge, localised recharge, and mountain block recharge. The relative importance of 
the different recharge mechanisms will vary from place to place. There is potentially evidence to 
suggest that diffuse recharge is extremely small or non-existent under the current climate 
(Matthews 1997; Love et al. 2000), though this does not imply that diffuse recharge did not occur 
at higher rates in the past. The importance of ephemeral stream recharge on the basin scale 
depends upon the size of the landscape occupied by streams in comparison to the zones of diffuse 
recharge as well as the amount of diffuse recharge. Further discussion on mountain block 
recharge for the Coonamble Embayment was not included in Herczeg and Love (2007).  


I-4.3 Recharge Estimation Techniques 


The various methods to estimate recharge that are relevant to semi-arid and arid regions were 
described in this study. A summary of advantages and disadvantages of the different recharge 
estimation techniques was provided in the Herczeg and Love (2007) report and reproduced in 
Table I-4.1. 
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Table I-4.1 Summary of Different Techniques to Estimate Recharge (from Herczeg and Love 2007) 


Method Recharge Rate 
(mm/year) 


Spatial Scale 
(m2) 


Temporal Scale 
(years) Advantage Disadvantage 


General 


Background Information 
(hydrogeomorphic 
mapping) 


Can provide 
order of 
magnitude 
estimate of 
recharge 


Local to 
regional 


Generally 
provides process 
information 


A prerequisite for any recharge study. Develops 
conceptual model of recharge processes. 
Iterative approach should be used as more data 
is gathered throughout the recharge study to 
improve the conceptual model. 


None. 


Water Budget 
Order of 
magnitude at 
best 


Local to 
regional Generally yearly Useful as a check on other methods. 


Requires accurate estimates of 
precipitation, evaporation, 
transpiration, and runoff. 
Estimation of localised recharge 
from ephemeral creeks only. 


Geophysics and Remote 
Sensing Not applicable Local to 


regional 
At the time of 
measurement 


Non-invasive. Good spatial resolution. Provides 
data for scaling recharge.  


Generally requires expensive 
ground-truthing.  


Surface Water 


Channel Loss 5 to >50 Local to 
intermediate Daily Only application under ephemeral creeks and 


flood out zones. 


Requires daily estimates of 
evaporation, transpiration, and 
runoff. Expensive. 


Unsaturated Zone 


Darcy - Richards Law 20 to 400 Point <300 Does not accurately estimate low water fluxes. Expensive. Requires accurate 
estimates of hydraulic conductivity. 


Lysimeters 5 to >100 20 Length of test 2 
to 3 years 


Can provide accurate estimates of deep 
drainage. 


Expensive field instrumentation and 
monitoring. Difficult to represent 
natural conditions. 


Applied Tracers 10 to >1,000 100 Length of test <5 
years 


Very accurate estimates of recharge under 
ideal situations. 


Needs approval from 
environmental agencies. Requires 
high water fluxes.  


Chloride-mass-balance 0.01 to 200 Point 5 to 10,000 years Very accurate for low recharge rates. Has wide 
application in semi-arid and arid zones.  


Requires estimates of the total 
chloride flux under present and 
past climates. 


Event Markers 10 to 60 Point <50 years Potentially useful technique assuming high 
water fluxes under ephemeral creeks. 


Under low water fluxes, the bomb 
peak is still in the root zone. 
Requires sufficient water fluxes.  
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Method Recharge Rate 
(mm/year) 


Spatial Scale 
(m2) 


Temporal Scale 
(years) Advantage Disadvantage 


Radiotracer Decay 0.1 to 30 Point 500 to >100,000 
years 


Used in combination with chloride-mass-
balance to provide palaeo-recharge rates. 


Need to account for subsurface 
sources and sinks of tracers. 
Requires specialised interpretation.  


Unsaturated Modelling Infinite <100 All time scales Can constrain recharge provided reliable field 
data is available. 


Relies on reliable estimates of 
hydraulic conductivity. Order of 
magnitude at best.  


Saturated Zone 


Darcy’s Law Order of 
magnitude 


Local to 
regional Short None in arid zones dominated by palaeo-


recharge. 
Requires accurate estimates of 
hydraulic conductivity and gradient.  


Hydrographs 5 to 400 50 to 10,000 Length of record 


Useful technique if water table is shallow. May 
be useful under ephemeral streams. In certain 
situations, may detect change in land use or 
climate.  


Has limited application in GAB due 
to deep water tables that do not 
reflect seasonal recharge. 


Chloride-mass-balance 0.01 to 400 5 to 10,000 10 to >10,000 


Integrates preferred flow in unsaturated zone. 
Can provide sub-regional estimates of recharge. 
Very useful in arid zones as it can measure low 
water fluxes. 


Must ensure there are no additional 
sources or sinks of chloride other 
than atmosphere.  


Event Markers 20 to 1,000 5 to 10,000 <50 years Potentially useful technique assuming high 
water fluxes under ephemeral creeks. 


Requires accurate estimates of 
input functions. Requires expert 
interpretation in isotope hydrology. 


Accumulating Tracers Semi-qualitative 
only 5 to 10,000 1,000 to >10,000 


May provide estimates of residence time to 
back-calculate recharge. Improves conceptual 
understanding of system.  


Often requires sophisticated 
sampling methods. Data can be 
difficult to interpret. Requires 
expert interpretation in isotope 
hydrology.  


Radiotracer Decay 1 to 100 5 to 10,000 
14C: 500 to 25,000 
36Cl 50,000 to 
300,000 


Integrates recharge process. Very useful for low 
water fluxes. 


Need to account for subsurface 
sources and sinks of tracers. Data 
can be difficult to analyse. Requires 
expertise in dating methodologies. 


Groundwater Modelling Infinite (in 
theory) 


Local to 
regional All time scales 


Use should be restricted to constraining 
recharge rates with additional isotopic and 
chemical data. 


Relies on accurate estimates of 
hydraulic conductivity. Order of 
magnitude at best. 
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The most commonly used method to estimate diffuse recharge in arid and semi-arid regions is 
using chloride profiles in the unsaturated zone (i.e. chloride-mass-balance). This technique is most 
accurate when surface runoff is low and where estimates of long-term chloride deposition from 
atmospheric aerosols are available. Extreme care should be used when applying the chloride-
mass-balance method at large temporal scales, as precipitation and chloride deposition rates vary 
temporally and therefore the use of modern chloride deposition rates and chloride concentrations 
from the aquifer can lead to erroneous estimates of palaeo-recharge. 


Methods to estimate recharge from localised recharge rates rely on both unsaturated zone and 
saturated zone water balance and tracer methods; these recharge rates are typically one to two 
orders of magnitude greater than the diffuse recharge estimates. Water balance approaches have 
a wide range of uncertainty because they rely on accurate measurements of precipitation, 
evaporation, transpiration, and runoff to estimate recharge. Increasing the number of time steps 
to calculate daily water balances can reduce these errors; however, this approach is considered to 
be extremely limited in most applications in the GAB and the only potential use could be the 
estimation of localised recharge from ephemeral creeks.  


One of the most promising methodologies to estimate recharge are those that use environmental 
tracers, which can provide information on a wide range of spatial and temporal scales. It is 
strongly encouraged to use multiple environmental tracers for the assessment as some will 
provide better estimates on recharge rates and others will provide better information on recharge 
mechanisms.  


The water table fluctuation method using groundwater hydrographs is likely only to be useful in 
areas where the water table is shallow or potentially under zones of localised recharge. It is 
important to keep in mind though that groundwater levels may be increasing or decreasing due to 
factors unrelated to recharge, such as groundwater extraction. In areas where the water table is 
deep, groundwater hydrographs may be constant over time and will not show any seasonal 
variations required to estimate recharge.  


Recharge estimation techniques that rely on estimating hydraulic conductivity such as Darcy’s Law 
and unsaturated and saturated modelling will only provide an order of magnitude estimate of the 
recharge rate due to the large spatial variability in hydraulic conductivity. However, groundwater 
modelling that incorporates groundwater tracer data has the potential to constrain the recharge 
rate and should be attempted, if feasible. 


I-5 WATER SHARING PLAN FOR THE NSW GREAT ARTESIAN BASIN 
GROUNDWATER SOURCES 2008 [MOST RECENT VERSION: DEPARTMENT 
OF WATER AND ENERGY (DWE) 2014], BACKGROUND INFORMATION 
(DWE 2009A), AND GUIDE (DWE 2009B) 


These documents detail how groundwater from the New South Wales GAB is to be shared 
between the environment and water users as well as between different types of water users.  


The New South Wales GAB has been divided into five groundwater sources, for management 
purposes. Two of these (Southern and Eastern Recharge Groundwater Sources) are in the non-
artesian part of the basin. The remaining three (Surat, Warrego, and Central Groundwater 
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Sources) are in the artesian part of the basin, where water in bores can flow to surface under 
artesian pressures. The locations are shown in Figure I-5.1.  


 


Figure I-5.1 Locations of Groundwater Sources in New South Wales (from DWE 2009a) 


Groundwater recharge in New South Wales takes place primarily along the eastern fringe of the 
GAB where the sandstone aquifers are exposed at surface. Natural discharge from springs takes 
places in the Bogan River-Carinda and Yantabulla-Bourke-Weilmoringle areas in New South Wales, 
which are located to the west of the Southern and Eastern Recharge Groundwater Sources.  


Recharge of the GAB is derived from rainfall and steam flow entering sandstones in the recharge 
areas. The percentage of water entering these units is estimated to be less than 2% of rainfall 
because of the limited capacity of the intake beds to transmit water.  


The following summary is focused on the Southern and Eastern Recharge Groundwater Sources in 
New South Wales. According to DWE (2014), these groundwater sources include all water 
contained in all alluvial sediments and all rocks of Cretaceous, Jurassic, and Tertiary age within the 
boundaries shown in Figure I-5.1, with the exception of any alluvial sediments within the excluded 
alluvial areas (shown in Figure I-5.2) as well as waters to which the following applies: 


 Water Sharing Plan for the Lower Gwydir Groundwater Source 2003; 


 Water Sharing Plan for the Lower Macquarie Groundwater Sources 2003; 


 Water Sharing Plan for the Upper and Lower Namoi Groundwater Sources 2003;  
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 Water Sharing Plan for the Castlereagh below Binnaway Unregulated and Alluvial Water 
Sources 2011;  


 Water Sharing Plan for the Intersecting Streams Unregulated and Alluvial Water Sources 
2011; 


 Water Sharing Plan for the NSW Great Artesian Basin Shallow Groundwater Sources 2011;  


 Water Sharing Plan for the NSW Murray Darling Basin Fractured Rock Groundwater 
Sources 2011; and 


 Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Groundwater Sources 
2011. 


It is important to note that the groundwater source areas shown in Figure I-5.2 have slightly 
changed since DWE (2014) was first issued in 2011 (refer to Figure 1.1 for the current boundaries). 


 


Figure I-5.2 Locations of Groundwater Sources in New South Wales including Excluded 
Alluvial Areas (from DWE 2014) 


The current basis for determining how water is to be shared in the Southern and Eastern Recharge 
Groundwater Sources is the long-term average annual net recharge, which is the difference 
between recharge and the throughflow water component required for the other groundwater 
sources. An average figure is used as the level of recharge to a groundwater source varies from 
year to year. The long-term average annual net recharge flux values are provided in Table I-5.1. 
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Table I-5.1 Long-term Average Annual Net Recharge Rates (from DWE 2009a, 2009b, 2014) 


Groundwater Source 
(New South Wales only) Estimation Method Long-term Average Annual Net Recharge 


(ML/year) 
Southern Recharge long-term average annual net recharge 42,400 
Eastern Recharge long-term average annual net recharge 19,000 


 
The Water Sharing Plan recognises the effect of climate variability on recharge in the groundwater 
sources by having provisions that manage: the sharing of water in these groundwater sources 
within the limits of water availability on a long-term basis; and water extraction to a volume that 
ensures both the protection of groundwater dependent ecosystems and water quality of these 
groundwater sources. 


I-6 SUSTAINABLE GROUNDWATER ALLOCATIONS IN THE INTAKE BEDS OF 
THE GREAT ARTESIAN BASIN IN NEW SOUTH WALES (HABERMEHL ET AL. 
2009) 


The study by Habermehl et al. (2009) presented a better understanding of recharge processes and 
recharge rates within the New South Wales intake beds, similar to the study conducted by Kellett 
et al. (2003) for the Queensland intake beds. The study included the following: drilling of 20 fully-
cored holes along a transect from Yetman, south of the Queensland border, to near Dubbo to 
provide representative coverage of hydrogeological conditions across the study area; sampling 
and analyses of cores from the unsaturated zone of some of these drill holes; installing eight 
monitoring bores and equipping each with a datalogger to continuously monitor water levels; 
collecting and analysing groundwater samples from the eight new monitoring bores and 17 
existing water bores for hydrochemistry and environmental isotopes; collecting rainfall samples 
on a monthly basis to analyse chloride levels; and assessing regional water levels. The results from 
the field and laboratory investigations were combined with existing information to distinguish 
between the different recharge processes that occur in the New South Wales intake beds and to 
estimate recharge rates.  


Some key findings of the study included: 


 Estimation of recharge for the intake beds based on the hydrograph responses in 
groundwater to rainfall was not possible due to a short data record (five months) and lack 
of significant rainfall events during this period. 


 The shape of some contours of the regional water table reflects streams crossing the 
intake beds. Leakage through the alluvium of streams could be a major contributor to 
recharge, which is supported by fresh groundwater with low chloride concentrations and 
total dissolved solids in water bores located near streams.  


 Based on the chloride profiles in the unsaturated zone of the eight new monitoring bores, 
recharge rates were estimated for both diffuse recharge and preferred pathway recharge. 
Recharge rates were also estimated at these bores using the saturated zone chloride-
mass-balance method, which represents all recharge mechanisms. The recharge rates 
estimated using the saturated zone chloride-mass-balance method are similar to the 
recharge rates estimates from unsaturated preferred pathway recharge and much larger 
than the unsaturated diffuse recharge estimates, supporting the assumption that 
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preferred pathway recharge is a more dominant recharge mechanism than diffuse 
recharge. Diffuse recharge in the unsaturated zone ranged from 0.1 mm/year to 
9.0 mm/year, preferred pathway recharge in the unsaturated zone ranged from 
1.5 mm/year to 41.3 mm/year, and combined recharge in the saturated zone ranged from 
0 mm/year to 10 mm/year.  


 Depletion of δ2H and δ18O in groundwater occurs with increased rainfall. According to the 
δ2H and δ18O data from the eight new monitoring bores, the intake beds did not 
experience very high intensity rains during the study. The study also determined that 
significant preferred pathway recharge probably only occurs after rainfall events of at least 
150 mm to 200 mm in a single continuous period of 30 days.  


 Palaeo-recharge trends of different recharge frequency in the past and changes to the 
climatic conditions as a result of different palaeo-climates over time could be determined 
from a combination of stable isotopes (δ2H, δ18O, and 13C), radioactive isotopes (14C and 
36Cl), and detailed groundwater chemistry results. Some of the stable isotope values from 
the intake beds of the GAB showed that recharged rainwater had been subjected to some 
degree of evaporation before recharge. While limited samples were analysed as part of 
this study, the results may indicate that the recharge processes showed the same degree 
of evaporative concentration for the past ~30,000 years and that the isotopic composition 
had been relatively constant over that period.  


Based on the results of this study, different recharge processes were distinguished that operate in 
the New South Wales part of the GAB intake beds. 


 Diffuse recharge generally occurs throughout most of the intake beds, but the rate of 
inflow is probably much lower than localised or preferred pathway recharge.  


 Preferred pathway flow requires full saturation of the regolith. This condition will only be 
satisfied part of the time as high intensity rainfall is required to provide sufficient water 
and saturation of the profile. Little is known about the characteristics of bedding planes, 
joints, fractures, zones or beds of different porosity and permeability, and tree roots 
within the Pilliga Sandstone in the intake beds.  


 Localised recharge rates could not be estimated, as more localised and detailed studies are 
required to properly assess. Prominent localised recharge zones are likely to include 
stretches of the Macintyre, Gwydir, Namoi, Castlereagh, Macquarie, and Bogan Rivers 
where they cross the exposed or subcropping Pilliga Sandstone aquifers. A number of 
smaller streams and creeks probably also contribute to localised recharge.  


Figure I-6.1 shows the recharge rate estimates derived by the saturated zone chloride-mass-
balance method in the Pilliga Sandstone outcrop areas. The recharge rates typically ranged from 
0 mm/year to 10 mm/year across the study area, with a maximum of 35+ mm/year in an area 
near the Warrumbungle Ranges. Figure I-6.2 combines the recharge rates estimated in this study 
with the recharge rates estimated for the intake beds in Queensland by Kellett et al. (2003) (also 
estimated using the saturated zone chloride-mass-balance method). The recharge rates estimated 
in the northern part of New South Wales and southern part of Queensland are comparable 
(approximately 9 mm/year to 10 mm/year).  
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Figure I-6.1 Recharge Estimates for the New South Wales Intake Beds (from Habermehl et al. 
2009) 
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Figure I-6.2 Recharge Estimates for the New South Wales and Queensland Intake Beds (from 
Habermehl et al. 2009) 


Airborne gamma-radiometrics and remote sensing data was also used as part of this study to 
enhance the delineation of the exposed recharge beds in New South Wales and investigate the 
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permeability of surface cover, resulting in an estimated area for the intake beds of 32,740 km2. 
Using this area and an average recharge rate of 9 mm/year, the recharge flux to the intake beds of 
the Pilliga Sandstone in New South Wales was estimated at 295 GL/year.  


Habermehl et al. (2009) concluded that it was difficult to define the range of recharge rates for 
the Pilliga Sandstone intake beds with the limited number of observation points and the time 
period and samples available as part of this study. They indicated it was even more difficult to 
determine the values of recharge rates and the differences between the different types of 
recharge, as well as recharge rate differences between the different regions, with such a limited 
number of observation points.  


I-7 INVESTIGATING THE IMPACT OF CLIMATE CHANGE ON GROUNDWATER 
RESOURCES (BARRON ET AL. 2010) 


The primary objective of the project by Barron et al. (2010) was to determine how temporal 
variability in rainfall and temperature due to climate change will impact groundwater recharge 
and groundwater resources across different aquifer types in different climate types across 
Australia. A lack of studies has been completed worldwide investigating the impact of climate 
change on groundwater resources. A common approach was to apply climate projections derived 
from climate models as an input to hydrological models, which in turn were used to define 
changes in water flux. However, the results did not adequately account for uncertainties inherent 
in using only a single global climate model, downscaling method, and hydrological model to make 
projections of groundwater resources under a future climate. As of 2010, there had not been a 
study of the influence of climate types upon recharge anywhere in the world.  


One aspect of the study was to analyse climate types and climate type transitions across Australia 
for the historical period beginning in 1930 to 2009 and under projected future climates for 2030 
and 2050. According to the “current” Australian baseline Köppen-Geiger climate type map from 
1979 to 2009, the New South Wales intake beds are predominantly located in a temperate 
without dry season hot climate (Cfa climate type). Looking at historical climate maps, this area has 
remained the same climate type since at least 1939. Projected climate types were produced for 
low, medium, and high global warming projections in 2030 and 2050; there did not appear to be a 
change in climate type for either 2030 or 2050. 


Another aspect of the study was to investigate diffuse groundwater recharge within different 
climate types. The Cfa climate type that the intake beds in New South Wales are a part of have 
rainfall year round, with winter-dominated rainfall prevalent further south and summer-
dominated rainfall prevalent further north. For the entire study, it was determined that: 


 Annual rainfall is a major factor influencing recharge; however, for the majority of the 
considered climate types, the total annual rainfall had a weaker correlation with recharge 
than the rainfall parameters reflecting rainfall intensity.  


 Annual recharge is more sensitive to daily rainfall intensity in regions with winter-
dominated rainfall, where it is also less sensitive to absolute changes in annual rainfall. 


 In regions with winter-dominated rainfall, annual recharge under the same annual rainfall, 
soils, and vegetation conditions is less than in regions with summer-dominated rainfall. 
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This was attributed to the differences in rainfall patterns associated with monsoons or 
cyclones with predominantly heavy rains in the north and frontal weather systems with 
prolonged periods of light daily rainfall in the south.  


 The relative importance of climate parameters other than rainfall is highest in the tropical 
climate type in northern Australia. Climate parameters have lowest relative importance in 
the arid climate type (with cold winters) and the temperate climate type.  


The results highlight the importance of projecting rainfall intensity under future climate scenarios, 
particular in the southern region of the country.  


The final aspect of the project was to consider a single global warming scenario and estimate 
recharge for 2050 using future climate derived from five global climate models, three downscaling 
methods, and four hydrological models at three field sites. The sites were located in Wanneroo 
(Western Australia), Moorook (South Australia), and Livingstone Creek (New South Wales). None 
of the sites are located in the GAB. There were considerable differences in the change in recharge 
projected by the different combinations of global climate models, downscaling method, and 
hydrological model at each site; therefore, trends in recharge were not provided. The range in 
projections across the sites highlights the uncertainty in making projections of recharge under a 
future climate, and indicates that the application of a single global climate model, downscaling 
method, and hydrological model could be inadequate for future groundwater resources 
projection.  


I-8 MODELLING OF CLIMATE AND GROUNDWATER DEVELOPMENT (WELSH 
ET AL. 2012) 


The purpose of the groundwater modelling completed as part of this assessment was to estimate 
the impact of climate and groundwater development on long-term groundwater levels in 2070 in 
the GAB. The modelling considered different scenarios of climate and groundwater development: 


 Scenario A - historical climate and current development 


 Scenario C - future climate and current development 


 Scenario D - future climate and future development 


The future climate scenarios included a change of rainfall and evaporation (wet extreme, median, 
and dry extreme), which produced different groundwater recharge rates occurring at the intake 
beds from 2010 to 2070. These future climate scenarios included existing groundwater recharge 
rates spanning between 66% lower under the dry extreme climate and 83% higher under the wet 
extreme climate. For the future development scenario, rates of groundwater extraction were 
increased.  


Three different groundwater models were used in this assessment; however, only one is relevant 
to New South Wales (GABtran model). The GABtran model is a large-scale, transient groundwater 
model that simulates groundwater levels in the Cadna-owie - Hooray and equivalents aquifer as a 
single layer spanning the GAB. It covers most of the GAB, except the northern Cape York 
Peninsula. Modelled recharge rates varied across the model from 0 mm/year to 33 mm/year, 
averaging 2.4 mm/year. The highest rate of recharge (about 7% of rainfall) occurred where the 
intake beds are at their maximum elevation on the Great Dividing Range. 
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Focusing on New South Wales, under the wet scenarios, recharge increases in most areas. Under 
the median scenarios, recharge either increases in all areas (based on current development) or 
decreases in the north and south and increases elsewhere (based on future development). Under 
the dry scenarios, recharge decreases in most areas. The basin-margin areas (i.e. intake beds) are 
most sensitive to changes in groundwater recharge as they have a lower capacity to transmit 
water downgradient. 


I-9 REGIONAL WATERTABLE (KELLETT ET AL. 2012) IN: 
HYDROSTRATIGRAPHY, HYDROGEOLOGY AND SYSTEM 
CHARACTERISATION OF THE GREAT ARTESIAN BASIN (RANSLEY AND 
SMERDON 2012) 


Kellett et al. (2012) were of the opinion that the recharge flux estimate for the intake beds of the 
Pilliga Sandstone in the Coonamble Embayment of New South Wales (295,000 ML/year; from 
Habermehl et al. 2009) was too high in comparison to the Queensland intake beds1. They 
therefore used the Habermehl et al. (2009) values for chloride in groundwater and the latest 
chloride concentration values in rainfall from collector gauges, and re-assessed the extent of the 
Pilliga Sandstone intake beds as part of water table mapping. The amended calculation was 
84,000 ML/year for the recharge flux in the Pilliga Sandstone intake beds. The reduction in 
estimation of recharge flux is a consequence of the amended area of outcrop of the Pilliga 
Sandstone of 9,300 km2 compared to the Habermehl et al. (2009) estimate of 32,740 km2. The 
reduced area of outcrop was derived after removal of the following: all areas mapped as basalt, 
basement inliers, Warrumbungle dolerites, Garrawilla Volcanics, and intake beds west of 
Narromine. This new recharge flux estimate is more compatible with the Queensland data 
(Section I-3.5).  


I-10 REGIONAL HYDRODYNAMICS (SMERDON ET AL. 2012A) IN: 
HYDROSTRATIGRAPHY, HYDROGEOLOGY AND SYSTEM 
CHARACTERISATION OF THE GREAT ARTESIAN BASIN (RANSLEY AND 
SMERDON 2012) 


The saturated zone chloride-mass-balance method was used in this study to estimate recharge 
across the intake beds for the Surat Basin in both New South Wales and Queensland. Chloride 
concentrations in rainfall were obtained from a map of chloride deposition for Australia 
constructed (Leaney et al. 2011) and chloride concentrations in groundwater were obtained from 
the recharge studies by Kellett et al. (2003) and Habermehl et al. (2009).  


Figure I-10.1 shows the estimated recharge rates for both the Cadna-owie - Hooray and 
equivalents aquifer group (which includes the Pilliga Sandstone) and the Hutton aquifer. Across 
most of the intake beds, recharge is estimated to be less than 5 mm/year. Focusing on New South 
Wales, higher rates of recharge in the area of the Warrumbungle Ranges are evident (up to 


 
1 Kellett et al. (2012) referred to total recharge fluxes in the Queensland portion of the Surat Basin of 73,150 ML/year 
for the Hooray Sandstone and equivalents and 80,330 ML/year for the Hutton Sandstone. They indicated that these 
values were from Kellett et al. (2003); however, these differ from what was presented in the Kellett et al. (2003) 
report (264,590 ML/year for the Hooray Sandstone and equivalents and 115,860 ML/year for the Hutton Sandstone). 
The reasons for the discrepancy were not provided. 
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45 mm/year) and may be the result of higher rainfall in this elevated area. High recharge rates 
near Moree and Warialda (up to approximately 25 mm/year to 30 mm/year) could be a response 
to the shift from native to summer crops and irrigated crops in this area, as well as incised creeks 
and rivers and infiltration into the Pilliga Sandstone of groundwater out of the overlying, jointed 
basalts or sandy alluvial terraces. The recharge rates in the area of the New South Wales - 
Queensland border show a seamless continuation of the recharge estimates for the New South 
Wales and Queensland portions of the recharge areas.  
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Figure I-10.1 Groundwater Recharge Rates for the Cadna-owie - Hooray and Equivalents 
Aquifer Group and the Hutton Aquifer (from Smerdon et al. 2012a) 


For the GAB, like many other semi-arid to arid zone aquifers around the world, the current rate of 
recharge is significantly less than discharge. Table I-10.1 summarises the recharge estimates for 
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the Surat Basin using various methods. There is a degree of uncertainty for these estimates, which 
can lead to a range of values that have either been determined from a single method (having a 
range of uncertainty) or from using the findings from different studies. The values presented are 
representative of modern-day values and do not reflect temporal variations in recharge. The 
chloride-mass-balance recharge estimate is based on relatively simple relationships and the 
extrapolation of point measurements to a broad spatial scale. This includes concentrations of 
chloride in precipitation and groundwater. Considering these uncertainties, the regional water 
budget components in Table I-10.1 should be considered indicative, rather than exact.  


Table I-10.1 Recharge Flux Estimates (from Smerdon et al. 2012a) 


Author Estimation 
Method 


Recharge Flux 
(ML/year) Comments 


Smerdon et 
al. (2012a) 


chloride-mass-
balance 157,000 Surat Basin (New South Wales and Queensland); 


Cadna-owie - Hooray and equivalents aquifer 
Welsh et al. 


(2012) 
assessment 
modelling 185,000 GABtran model (GAB except Cape York 


Peninsula) 


Ransley et al. 
(2012b) 


conceptual 
diagrams 


237,500 
(80,300: Hutton Sandstone 


in Queensland; 
73,200: Hooray equivalent 


in Queensland; 
84,000: Pilliga Sandstone in 


New South Wales)2 


Surat Basin (New South Wales and Queensland); 
Cadna-owie - Hooray and equivalents aquifer 


group and the Hutton aquifer 


 
Palaeo-recharge in the GAB was not assessed as part of this study; however, a brief summary of 
previous work was included. Several historical studies showed observed systematic variations in 
the chloride levels of the artesian groundwater in part of the eastern marginal and basinward 
areas that could reflect variations in the rate of recharge and infiltration of recycled salt 
throughout the late Quaternary. The age and residence times of the artesian groundwater and the 
groundwater movement rates and flow patterns in the GAB have been determined by 14C, 36Cl, 
and noble gases. Groundwater ages from the GAB determined from these are generally in good 
agreement with calculated hydraulic ages, suggesting that flow conditions of the artesian 
groundwater have remained largely unchanged during at least the past one million years.  


Recharge processes in the southern area of the intake beds in the GAB included the same degree 
of evaporative concentration for the past approximately 30,000 years (as indicated by the 
characteristic δ2H and δ18O proportions of groundwater relative to 14C activities) and isotopic 
composition has been relatively consistent over that period. This suggests that recharge rates 
have not changed significantly over time in the southern area of the intake beds (i.e. New South 
Wales). Groundwater in the central area of the intake beds in the GAB suggests that recharge 
conditions have become progressively more evaporated from about 10,000 years ago to present. 
The δ2H and δ18O proportions of groundwater in the northern area of the intake beds in the GAB 


 
2 Ransley et al. (2012b) referred to total recharge fluxes in the Queensland portion of the Surat Basin of 
73,200 ML/year for the Hooray Sandstone and equivalents and 80,300 ML/year for the Hutton Sandstone. These 
values are consistent with the values from Kellett et al. (2012). Kellett et al. (2012) indicated that these values were 
from Kellett et al. (2003); however, these differ from what was presented in the Kellett et al. (2003) report 
(264,590 ML/year for the Hooray Sandstone and equivalents and 115,860 ML/year for the Hutton Sandstone). The 
reasons for the discrepancy were not provided. 
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indicate that recharge conditions have involved about the same degree of evaporative 
concentration over the past 30,000 years, but the most modern groundwater tends to be the 
most depleted. This could indicate a change in rainfall patterns to a greater frequency of high 
intensity rainfall events (more than 200 mm per 30 days) commencing about 3,500 years ago.  


I-11 RECHARGE ESTIMATION IN THE SURAT BASIN (READING ET AL. 2014) 


This report is part of an ongoing multi-phase project with the Centre for Coal Seam Gas and the 
Centre for Water in the Minerals Industry. A review of current techniques used globally was 
conducted to determine which recharge estimation methods might be suitable for recharge 
estimation in the Queensland portion of the Surat Basin. Key findings were: multiple methods 
should ideally be applied because of the considerable uncertainty in any one approach; and it is 
important to keep in mind the assumptions and limitations of each method as individual 
approaches are tailored to a range of time and spatial scales. In addition, extensive field 
measurements are an essential part of developing models and achieving useful levels of reliability 
in recharge estimates.  


Recharge estimation methods historically applied in the Surat Basin include groundwater 
hydrograph analyses, groundwater (i.e. saturated zone) chloride-mass-balance, unsaturated zone 
chloride-mass-balance, and soil water balance modelling. These previous recharge estimates 
included a range of spatial scales but were typically limited to long-term averages with limited 
information about temporal variation. The soil water balance modelling method resulted in the 
greatest range of recharge estimates.  


In general, the most suitable approach to estimating groundwater recharge is to derive a 
conceptual model for recharge processes first, then determine groundwater recharge using one or 
more suitable methods (Scanlon et al. 2002). A suitable conceptual model may include aspects of 
location, timing, and likely unsaturated flow pathways. As part of the development of a 
conceptual model, available hydrological data including precipitation records, streamflow records, 
and groundwater level records should be evaluated (Scanlon et al. 2002). 


A summary of advantages and limitations of the recharge estimation methods is provided in Table 
I-11.1. 
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Table I-11.1 Recharge Estimation Methods (from Reading et al. 2014) 


Method Description Parameters Required Main Advantages Main Limitations 


Groundwater 
hydrograph analysis 
(water table 
fluctuation method) 


Groundwater levels, specific yield, 
rainfall, and groundwater pumping. 


Can make use of available groundwater level 
data. 
Additional monitoring is cheap. 
Recharge estimation at the water table. 


Requires knowledge of specific yield and good water 
level records. 
Works at small scales but is difficult to extend to larger 
areas without extensive monitoring systems. 
Restricted by assumptions regarding other influences on 
groundwater levels. 


Discharge-storage 
relationships Streamflow time-series. 


Can make use of available streamflow data. 
Provides a “lower-bound” recharge estimate/ 
estimates “net recharge”. 


Assumes baseflow volumes equal recharge volumes.  
Limited to water sheds where lateral fluxes, pumping, 
leakage, and water storage changes are minimal. 


Lysimetry 


Deep drainage is directly measured 
but data on rainfall, irrigation, and 
soil hydraulic properties may be 
useful in interpreting results. 


Can provide accurate data on deep drainage 
and crop water use. 


Expensive to construct and not transportable.  
Only provide point estimates of deep drainage. 
Soil hydraulic properties will be disturbed during 
installation of lysimeters. 


Unsaturated zone 
moisture 
measurements 


Soil moisture content and soil 
hydraulic properties. 


Relatively simple measurement techniques can 
be used (unless deep profiles are monitored). 


Requires data on both water content and water 
pressure. 
Only provides point estimates of deep drainage (unless 
monitoring extends to the water table in which case, 
provides point estimates of recharge). 


Unsaturated zone 
process models 


Rainfall, irrigation, runoff, climate 
variables for estimating evaporation 
(ideally also soil moisture and 
pressure). 
For simple models, soil “bucket” 
parameters need to be calibrated or 
estimated using regionalisation.  
For Richards’ equation models, 
hydraulic properties need to be 
calibrated and estimated using 
regionalisation or laboratory or in-
situ experiments. 


Can be applied regionally when simple (bucket-
type) models are used.  
Where more complex (e.g. Richards’ equation) 
models are used, the modelling may be too 
computationally demanding to use regionally 
but can be used for local recharge and to 
improve understanding of recharge processes. 
Can provide high resolution recharge estimates.  


Requires knowledge of other components of water 
balance, which may have high uncertainty. 
Limited by how well the chosen model represents the 
physical system. 
Model parameter uncertainty can be high. 
Typically used to provide estimates of deep drainage (but 
can be used to provide estimates of groundwater 
recharge if the entire unsaturated zone is simulated). 


Water balance 
calculation using 
remotely sensed data 


Remote sensing data can be used to 
estimate precipitation, near-surface 
soil moisture, evapotranspiration, 


Reasonable spatial and temporal resolution, 
and near-global coverage. 


Unknown uncertainty in conversion of raw remote 
sensing signals to hydrological data. 
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Method Description Parameters Required Main Advantages Main Limitations 
land cover, and, in some cases, large 
river flows and groundwater levels. 
Independent estimates of surface 
flow are usually needed. 


Generally does not account for deep unsaturated zone 
changes in storage.  


Groundwater 
modelling - 
calibration of 
recharge 


Geological model, aquifer and 
aquitard hydraulic properties, 
groundwater levels, groundwater 
pumping, etc. 


Can make use of existing groundwater models. Recharge is controlled by hydraulic properties and 
boundary conditions (therefore non-unique). 


Darcy’s Law (i.e. 
relating the 
groundwater flow 
rate through a cross-
sectional area of the 
aquifer to the surface 
area that contributes 
to recharge) 


Hydraulic conductivity, hydraulic 
gradient, and surface area for 
geological formations of interest. 


Potential to integrate over large spatial scales. 


This method suffers significantly from reliable estimates 
of hydraulic conductivity. 
Considering the natural variation in hydraulic 
conductivity and the difference in scaling up regional 
values of hydraulic conductivity, the method at best 
would provide order of magnitude estimates of recharge. 


Groundwater 
chloride-mass-
balance 


Chloride concentrations in 
groundwater and rainfall. 


Can make use of readily available data 
(therefore there is potential for regional 
recharge estimation using this method). 


Based on long-term average precipitation and chloride 
concentrations in rainfall and groundwater or soil water. 
Assumes steady-state conditions (provides long-term 
estimates of recharge). 


Groundwater age 
dating 


Tracer concentrations in 
groundwater.  


Not a direct measure of flux (bounding fluxes must be 
determined indirectly). 
Assumptions related to groundwater flow paths and 
solute sources/ sinks. 


Unsaturated zone 
solute tracers 


Solutes in rainfall, solutes in 
unsaturated zone. 


Relatively cheap (therefore it is possible to 
make multiple measurements at multiple 
locations). 


Only provide point estimates of deep drainage.  
Piston flow reduces the value of this method. 


Water balance 
measurements 


As many components of the water 
balance are measured as possible 
(e.g. rainfall, potential evaporation, 
soil moisture, groundwater levels, 
surface water levels, plant/ tree 
water uptake, etc.) 


Reduced reliance on models and indirect 
measurements. 


The recharge rates are site-specific (i.e. controlled by the 
physical properties of the site).  
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I-12 HYDROGEOLOGICAL CONCEPTUALISATION REPORT FOR THE SURAT 
CUMULATIVE MANAGEMENT AREA [OFFICE OF GROUNDWATER IMPACT 
ASSESSMENT (OGIA) 2016A] 


This report presents the current (as of 2016) hydrogeological understanding of the Surat, 
Clarence-Moreton, and Bowen Basins within the Surat Cumulative Management Area based on 
primary and secondary data interpretation. The Surat Cumulative Management Area covers the 
current and planned coal seam gas development in the Surat Basin and the southern Bowen 
Basin, and is limited in extent to Queensland only.  


Localised recharge areas and zones of preferred pathway flow were not available for this study as 
they had not been consistently mapped. Groundwater recharge was therefore estimated using 
the chloride-mass-balance approach.  


Recharge estimates were made based on three chloride concentration scenarios: 


 Method 1: Chloride in rainfall only. No adjustments were made to mean annual rainfall for 
potential runoff or chloride removal by crops and pasture.  


 Method 2: Removal of chloride from runoff losses. Based on local studies, potential runoff 
amounts of 0%, 5%, 10%, 15%, 20%, and 25% were subtracted from the mean annual 
rainfall of <500 mm, 500 mm to 550 mm, 550 mm to 600 mm, 600 mm to 650 mm, 
650 mm to 700 mm, and >700 mm, respectively.  


 Method 3: Removal of chloride from runoff losses and estimated removal of chloride via 
plant uptake and grazing. Up to 25% of chloride accession in the field could be removed 
from a combination of animals and plants.  


To interpolate chloride-mass-balance recharge estimates from borehole locations, the following 
process was used. The ratio of chloride-mass-balance recharge estimates to long-term average 
rainfall was calculated at each borehole location to provide estimated recharge rates. The 
recharge rate estimates were then grouped by stratigraphic unit and interpolated to produce 
spatial maps of estimated recharge using simple kriging with automatic calculation of nugget, 
partial sill, and variogram range. The average recharge rate in each stratigraphic unit was used for 
extrapolation beyond the influence of the variogram range. From the average recharge rate as 
estimated through the interpolation process, average recharge was subsequently calculated for 
the estimated outcrop area of each stratigraphic unit by multiplying by the Bureau of Meteorology 
long-term average rainfall map.  


The rate of recharge decreases from Method 1 to Method 2 to Method 3. For the regional model, 
Method 3 was preferred as it includes those factors that may be influencing the amounts of net 
rainfall and chloride accession. For this reason, only the results of Method 3 are provided in this 
literature review, with results summarised in Table I-12.1.  
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Table I-12.1 Interpolated Long-term Average Recharge Rates (Method 3) (from OGIA 2016a) 


Hydrostratigraphic Unit3 
Calculated Recharge Rate 


(mm/year) Calculated Recharge Flux 
(ML/year) 


Minimum  Average Maximum 
Condamine Alluvium - 4.0 - 21,876 


Other Alluvium 5.1 6.8 10.3 167,628 
Main Range Volcanics 7.5 8.7 12.2 56,033 


Upper Cretaceous formations 1.0 1.3 1.5 66,886 
Wallumbilla Formation 2.0 2.4 2.7 19,519 


Bungil Formation 1.1 1.3 1.5 8,552 
Mooga Sandstone 2.3 2.7 3.0 17,003 
Orallo Formation 3.7 4.3 4.7 22,038 


Gubberamunda Sandstone 3.9 4.6 5.0 14,382 
Westbourne Formation 1.8 2.1 2.2 5,619 


Springbok Sandstone 1.6 1.8 1.9 6,832 
Walloon Coal Measures 3.2 3.6 4.9 37,627 


Durabilla Formation 2.7 3.0 4.1 12,990 
Hutton Sandstone 4.2 4.8 7.0 58,423 


Evergreen Formation 6.2 7.3 10.5 85,313 
Precipice Sandstone 18.0 20.8 26.5 53,871 


Moolayember Formation 2.2 2.5 3.0 18,974 
Clematis Sandstone 24.4 26.9 32.3 131,339 


Rewan Group 1.0 1.2 1.3 13,575 
Bandanna Formation 4.5 5.0 5.8 14,159 


Pre-Bandanna aged units 6.0 6.8 8.6 97,976 
 
The results suggest that the majority of recharge to GAB aquifers in the Surat Cumulative 
Management Area is within the outcrop areas of the Clematis, Precipice, Hutton, Gubberamunda, 
and Mooga sandstone aquifers and the Evergreen Formation (i.e. the intake beds in Queensland). 
The total recharge flux for these intake beds is approximately 358,331 ML/year, which is 
equivalent to 8.9 mm/year of net recharge rate. 


This recharge flux is a similar order of magnitude than previously estimated by Kellett et al. (2003) 
(380,450 ML/year for a substantially larger area). OGIA (2016a) makes several observations in this 
regard: 


 The lower chloride-mass-balance recharge rates in Kellett et al. (2003) may be due to 
lower concentrations of chloride in rainfall (measured from only two stations within the 
Surat Cumulative Management Area), lower rainfall (measured over three years from only 
two stations in the Surat Cumulative Management Area), and/or higher concentrations of 
chloride in groundwater for the selected bores (618 bores total). In comparison, OGIA was 
able to source additional rainfall station data (>10 locations) to generate chloride in rainfall 
for all bore locations, long-term mean rainfall for all bore locations, and chloride 
concentrations in groundwater from more than 13,000 bores.  


 
3 The Pilliga Sandstone in New South Wales is equivalent to the Bungil Formation, Mooga Sandstone, and 
Gubberamunda Sandstone. 
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 Very low chloride concentrations in groundwater in the Clematis Sandstone and Precipice 
Sandstone, averaging from 35 mg/L to 60 mg/L have resulted in higher rates of diffuse 
recharge (averaging up to 27 mm/year) in the outcrop areas. 


 Average annual recharge to the Main Range Volcanics is likely higher than 8.7 mm/year. 
Lower diffuse recharge rates may be attributed to limitations from using the chloride-
mass-balance method in hard rock and/or fracture-dominated systems, where lower 
chloride concentrations may be indicative of relatively rapid recharge via fractures, rather 
than low recharge rates. 


I-13 GROUNDWATER MODELLING REPORT FOR THE SURAT CUMULATIVE 
MANAGEMENT AREA (OGIA 2016B) 


This report is a detailed summary of the groundwater flow model for the Surat Cumulative 
Management Area in Queensland, prepared in support of the 2016 Underground Water Impact 
Report (OGIA 2016c). The work is based on the conceptualisation discussed in OGIA (2016a).  


The average calculated recharge rates from OGIA (2016a) were used as the pre-calibration 
estimates of recharge. Recharge shows spatial variation over the area of each outcropping unit 
because of variation in long-term average rainfall over each such outcrop zone. However, the so 
called “leaching fractions” (i.e. the ratio of recharge to rainfall) is constant over each zone. To 
support adjustment of recharge during the model calibration process, a spatially invariant 
multiplier was applied to recharge over each outcrop zone.  


Recharge was generally reduced during the calibration process in most modelled stratigraphic 
units, with the total average recharge rate decreasing from 4.5 mm/year to 2.5 mm/year. The 
calibrated values remained generally consistent with previous estimates made by Kellett et al. 
(2003) and others. Consistent with current conceptual models of the Surat Cumulative 
Management Area, the model calibrated rates are also generally higher for the main aquifers in 
the system than for the major aquitards. The calibrated rate for the Clematis Sandstone is 
considered to be anomalously high.  


The calibrated results are summarised in Table I-13.1. It should be noted that the calibrated 
recharge values are rates which are applied at the modelled ground surface. In most stratigraphic 
units, most applied recharge is subsequently rejected via modelled “drains” located at the ground 
surface. Modelled net recharge is therefore negligible in many cases.  


The total estimated recharge flux in the GAB intake beds (Clematis, Precipice, Hutton, 
Gubberamunda, and Mooga sandstone aquifers and the Evergreen Formation) from the calibrated 
model is approximately 172,263 ML/day, which is equivalent to 4.3 mm/year of net recharge rate. 
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Table I-13.1 Calibrated Recharge Rates (from OGIA 2016b) 


Hydrostratigraphic Unit4 Model 
Layer(s) 


Recharge 
Multiplier 


Calibrated Average Recharge 
(ML/year) (mm/year) 


Condamine Alluvium 1 1.10 21,682 3.7 
Other Alluvium 1 0.45 72,011 3.0 


Main Range Volcanics 1 2.30 128,876 20.0 
Other Basalt 1 1.11 8,412 9.9 


Upper Cretaceous/ Cenozoic Sediments 2 0.20 13,458 0.3 
Wallumbilla Formation 3 0.77 15,028 1.8 


Bungil Formation 4 1.60 13,662 2.0 
Mooga Sandstone 5 0.32 5,429 0.9 
Orallo Formation 6 0.25 5,584 1.1 


Gubberamunda Sandstone 7 0.43 6,162 2.0 
Westbourne Formation 8 0.31 1,755 0.6 


Springbok Sandstone 9 - 10 0.36 2,489 0.7 
Walloon Coal Measures 11 - 16 0.58 21,832 2.1 


Durabilla Formation 17 0.68 8,825 2.1 
Hutton Sandstone 18 - 19 0.77 44,709 3.7 


Evergreen Formation 20 0.24 20,215 1.8 
Precipice Sandstone 21 0.12 6,206 2.4 


Moolayember Formation 22 0.95 18,111 2.4 
Clematis Sandstone 23 0.68 89,542 18.4 


Rewan Group 24 0.10 1,357 0.1 
Bandanna Formation 25 - 27 0.10 1,408 0.5 


Undifferentiated Upper Bowen Basin 28 - - - 
Cattle Creek 29 - 31 - - - 


Undifferentiated Lower Bowen Basin Strata 32 0.10 9,810 0.7 


I-14 HYDROGEOLOGICAL ASSESSMENT OF THE GREAT ARTESIAN BASIN - 
CHARACTERISATION OF AQUIFER GROUPS SURAT BASIN (KCB 2016) 


A brief summary of previous recharge rate estimates was provided in this report, values of which 
have been provided in previous sections of this literature review. From these values, KCB (2016) 
determined that recharge flux for the Queensland portion of the Cadna-owie - Hooray and 
equivalents aquifer group and the Hutton aquifer was approximately 230,000 ML/year to 
250,000 ML/year based on the proportional footprint of the intake beds. 


I-15 ESTIMATING GROUNDWATER RECHARGE AND ITS ASSOCIATED 
UNCERTAINTY: USE OF REGRESSION KRIGING AND THE CHLORIDE MASS 
BALANCE METHOD (CROSBIE ET AL. 2018) 


This study focused on the coal-bearing basins of eastern New South Wales, comprised of the 
Permian Gloucester, Sydney, and Gunnedah Basins and part of the Jurassic Surat Basin that 
overlies the Gunnedah and Sydney Basins. The chloride-mass-balance method of estimating 
groundwater recharge is generally applied at a point scale, but water resources management 


 
4 The Pilliga Sandstone in New South Wales is equivalent to the Bungil Formation, Mooga Sandstone, and 
Gubberamunda Sandstone. 
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usually requires information at a regional scale. To estimate groundwater recharge regionally, 
previously used upscaling methods have ranged from simple averaging to empirical relationships 
and geostatistical interpolation. This study combined the “best” components of these methods by 
using regression kriging. In areas that contained sparse data, the recharge was upscaled using 
global regression equations with gridded rainfall and surface geology as covariates. In areas that 
contained dense data, the kriging of the regression equation residuals ensured that the upscaled 
recharge estimates respect the point estimates of recharge. It was determined that this method 
provides robust estimates of recharge and its associated uncertainty, and was therefore 
applicable to any regional study with variable density input data. 


For the Jurassic units in the Surat Basin, which is predominantly Pilliga Sandstone, recharge rates 
were estimated for three study areas (previously defined regions primarily based on surface water 
catchments): Gwydir, Namoi, and Central West. The recharge rates are provided in Table I-15.1 
and the areas are shown in Figure I-15.1. Recharge rates were highest towards the north and 
ranged from 4.7 mm/year to 10.4 mm/year. These rates compare well with previous more 
detailed site-specific studies.  


Table I-15.1  Recharge Estimates (from Crosbie et al. 2018) 


Area 
Recharge Rate (mm/year) 


5th Percentile Median 95th Percentile 
Gwydir 6 7.8 10.4 
Namoi 6.4 7.8 10.2 


Central West 4.7 5.8 7.5 
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Figure I-15.1 Location of Gwydir (GWY), Namoi (NAM), and Central West (CNW) Study Areas 
(from Crosbie et al. 2018) 


I-16 RECHARGE ESTIMATION IN THE SURAT BASIN (WEST ET AL. 2018) 


This document presents work associated with an ongoing multi-phase project with the Centre for 
Coal Seam Gas and the Centre for Water in the Minerals Industry scheduled to be completed in 
2020. The study comprised fieldwork undertaken over a 3-year period at three locations in the 
Surat Basin in Queensland. Only one of the locations (Kathleen Field) has direct relevance for New 
South Wales. The study at this location evaluated conditions for the Gubberamunda Sandstone in 
Queensland, which is an equivalent aquifer to the Pilliga Sandstone in New South Wales  
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I-16.1 Kathleen Field Study 


The objective of the Kathleen Field study was to further understand the role of creek-bed 
recharge through Gubberamunda Sandstone outcrops, in particular recharge rates and principal 
controls affecting the recharge rates and time variability.  


The surface geology in the Kathleen Field comprises, from youngest to oldest: Mooga Sandstone 
(aquifer), Orallo Formation (leaky aquitard or discontinuous aquifer), Gubberamunda Sandstone 
(aquifer), and Westbourne Formation (aquitard). Although the monitoring design targeted the 
Gubberamunda Sandstone, the monitored sites upstream and downstream of the creek on the 
property were actually within outcrops of the Orallo Formation and Westbourne Formation.  


The conceptualisation of the Orallo Formation outcrop suggested variably connected-
disconnected, losing conditions between the surface water and the Orallo Formation with 
continually downwards drainage. However, the rising groundwater level in the Orallo Formation 
suggests the surface water-groundwater system may enter a ‘transition’ period as the 
groundwater level rises, potentially resulting in a connected, variably losing/ gaining system over 
longer time-scales. Creek bed recharge increases during the development of flow events. Storage 
of water in the alluvium sustains drainage beyond the end of periodic surface flow events. The 
recharge associated with major flow events is observed in the surrounding aquifer levels over a 
period of months, typical of focused recharge signals in a medium-permeability formation. This is 
considered typical of permeable rock with alluvium creek beds recharging to shallow groundwater 
levels. The conceptualisation of the Orallo Formation is likely applicable to the Gubberamunda 
Sandstone.  


This contrasts somewhat with the conceptualisation of the lower permeability Westbourne 
Formation outcrop, where water level variations show no evidence of connection between the 
Westbourne Formation groundwater and the stream bed, despite the water level in the 
Westbourne Formation being only a few metres below the stream bed. This does not mean that 
localised recharge is not occurring, rather it means that pulses of recharge from the stream bed 
become less distinct as they travel through the unsaturated zone, leading to a small but constant 
rate of recharge to the Westbourne Formation.  


The limited coverage of the monitoring network did not permit outcrop-scale recharge rates to be 
estimated.  


I-16.2 Regional Recharge 


This study also included a discussion on the chloride-mass-balance method for recharge 
estimation and consequences to using this method to predict recharge across the Surat Basin. A 
case study conducted on the Main Range Volcanics (located in Queensland) indicated at least 500 
chloride in groundwater samples are required to achieve a convergence to within 1 mm/year for 
modelled average recharge rates in the outcrop areas, though the rates may still be sensitive to 
chloride in rainfall concentrations. The study concluded with the recommendation that the 
chloride-mass-balance method should be combined with other estimation methods, including 
those based on chemical tracers and those based on water balance modelling, to gain more 
confidence in recharge inputs to regional groundwater models. 
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I-17 UNDERGROUND WATER IMPACT REPORT FOR THE SURAT CUMULATIVE 
MANAGEMENT AREA - CONSULTATION DRAFT (OGIA 2019) 


Preliminary results from part of the ongoing multi-phase project with the Centre for Coal Seam 
Gas and the Centre for Water in the Minerals Industry (of which one of the phases was discussed 
in Section I-16) concluded that the chloride-mass-balance method used by OGIA in previous 
studies is an appropriate method for estimating mean recharge to the outcrop areas of the 
Springbok Sandstone, Walloon Coal Measures, and Hutton Sandstone. The method provides 
estimates of recharge at the surface in most cases; however, numerical modelling work suggests 
that most surficial recharge discharges locally to streams and rivers and less than 10% of this 
recharge reaches the deeper confined aquifers. Recent work completed by CSIRO (Suckow et al. 
2016) using geochemical methods reached a similar conclusion suggesting that actual recharge to 
the deeper confined parts of the Hutton Sandstone in the north of the Surat Basin is 
approximately 3% of the chloride-mass-balance recharge calculated in the outcrop area.  


Revised chloride-mass-balance calculations undertaken for the 2019 Underground Water Impact 
Report (consultation draft) suggest total recharge flux of around 300,000 ML/year, which is 
equivalent to 9 mm/year on average. This is marginally higher than what was previously measured 
in 2016. This estimate was applied in OGIA’s groundwater flow model prior to calibration, which 
suggested that as much as 95% of this recharge is rejected locally through streams, creeks, and 
tree evaporation and only around 14,000 ML/year makes its way to the deeper formations as net 
recharge. 
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1 INTRODUCTION 


The New South Wales Department of Planning, Industry and Environment (DPIE) is in the process 
of updating the Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 
[Department of Water and Energy (DWE) 2014]. Klohn Crippen Berger Ltd (KCB)has been retained 
by DPIE to conduct a literature review of published recharge mechanisms and collate existing 
estimates of recharge for the Great Artesian Basin (GAB), focusing on the Southern and Eastern 
Recharge Groundwater Sources in New South Wales (Figure 1.1). This report outlines the findings 
of the literature review and provides recommended recharge rates for the Southern and Eastern 
Recharge Groundwater Sources based on historical studies. 


 


Figure 1.1 Southern and Eastern Recharge Groundwater Sources (figure provided from New 
South Wales DPIE) 


1.1 Terminology 


The following terms were applied throughout this assessment: 


 Recharge is the addition of water, usually by infiltration, to an aquifer. Recharge rate is 
measured in mm/year whereas recharge flux is the recharge rate applied to the recharge 
area (ML/year).  
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 Average Annual Net Recharge (DWE 2009b) is the volume of water added to the 
groundwater source annually on a long-term average basis minus an allowance for 
groundwater outflow to adjacent groundwater sources.  


 Intake Beds (Kellett et al. 2003) are areas along the elevated eastern margins of the GAB 
where the sandstone aquifers outcrop or subcrop [i.e. where the overlying low-
permeability confining layer(s) are either absent or extremely thin] and most groundwater 
recharge occurs. 


 Localised Recharge (Kellett at al. 2003) is the seepage of water through saturated alluvium 
into the underlying sandstone aquifers, and is an important local recharge mechanism in 
some places where streams flow across the intake beds. This process is relatively rapid in 
terms of allowing water to infiltrate into the aquifer.  


 Preferred Pathway Flow [Office of Groundwater Impact Assessment (OGIA) 2016a] arises 
from changes in permeability with aquifers and in overlying regolith, providing conduits for 
water to infiltrate (Kellett et al. 2003). Zones of higher permeability may include fissures, 
faults, joints, tree roots, and high-permeability beds within individual formations and along 
bedding planes (Kellett et al. 2003, Suckow et al. 2016).  


 Diffuse Recharge (Kellett et al. 2003) is the process by which rainfall infiltrates directly 
through outcropping or subcropping geological units which host aquifers.  


 Mountain System Recharge (Smerdon et al. 2012a) is the contribution of groundwater 
recharge derived from runoff from mountainous areas into adjacent aquifers.  


 Rejected Recharge (Smerdon et al. 2012a) is the expression used for groundwater flowing 
from springs or streams within and near the GAB intake beds, where groundwater 
emerges from springs or streams because the groundwater levels within the aquifer are 
close to or at the ground surface, resulting in overflow or outflow of the groundwater from 
the exposed aquifers particularly where small or large topographic depressions are 
present.  


Localised recharge, preferred pathway flow, diffuse recharge, and mountain system recharge are 
shown schematically on Figure 1.2 (adapted from Radke et al. 2000). 
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Figure 1.2 Recharge Mechanisms (adapted from Radke et al. 2000) 
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2 HYDROGEOLOGICAL SETTING 


Information provided in this section has been compiled from multiple sources including 
Habermehl (1980), Radke et al. (2000), Habermehl et al. (2009), DWE (2009a), Ransley and 
Smerdon (2012), and Geoscience Australia and Australian Stratigraphy Commission (2017).  


2.1 Great Artesian Basin and Associated Basins 


The GAB is one of the largest groundwater systems in the world. It covers 1.7 million km2, about 
one-fifth of Australia, and underlies parts of New South Wales, Queensland, South Australia, and 
the Northern Territory (Figure 2.1). The New South Wales portion of the GAB covers 207,000 km2, 
which represents about 12% of the basin and about 20% of New South Wales.  


The GAB is a multi-layered confined aquifer system, with aquifers occurring in Triassic, Jurassic, 
and Cretaceous quartzose sandstones. The intervening confining beds consist of low to very low 
permeability siltstone and mudstone. The basin is, in places, 3,000 m thick, and forms a large 
synclinal structure that was uplifted and exposed along its eastern margin and tilted southwest 
(Habermehl 1980).  


The GAB comprises the Surat, Eromanga, and Carpentaria basins, and small upper parts of the 
Bowen and Galilee basins (Figure 2.1 and Figure 2.2). The Coonamble Embayment forms the 
southern part of the Surat Basin in New South Wales. There is some discrepancy in historical 
literature regarding the northern extent of the Coonamble Embayment. Wolfgang (2000) indicates 
that it is separate from the main part of the Surat Basin in New South Wales (Figure 2.3) whereas 
Herczeg and Love (2007) indicate that the Coonamble Embayment covers the entire extent of the 
Surat Basin within New South Wales (Figure 2.4). 


The Southern and Eastern Recharge Groundwater Source Areas are the focus of this study and are 
situated in the New South Wales portion of the Surat Basin (Figure 1.1 and Figure 2.4) 
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Figure 2.1 The Great Artesian Basin (from Smerdon et al. 2012b) 
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Figure 2.2 Basins within the Great Artesian Basin (from Habermehl 1980) 
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Figure 2.3 Location of the Coonamble Embayment (from Wolfgang 2000) 
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Figure 2.4 Map showing the Recharge Zones within the Coonamble Embayment (adapted 
from Herczeg and Love (2007) 


2.2 Southern and Eastern Recharge Groundwater Sources 


The majority of groundwater recharge in the GAB occurs along the elevated eastern margins 
where sandstone aquifers outcrop or subcrop. In Queensland, the intake beds trend north-south 
in a continuous 20 km and 150 km wide arc stretching from Cape York in the north to east of 
Goondiwindi in the south. This recharge zone transitions into the intake beds predominantly 
comprised of the Pilliga Sandstone and Keelindi Beds along the southern and eastern margins of 
the GAB in New South Wales. Recharge enters the Pilliga Sandstone and permeable layers in the 
Keelindi Beds where they outcrop, or at lesser rates, via overlying strata as leakage.  


These intake beds are located in the Southern and Eastern Recharge Groundwater Sources which 
are approximately 23,600 km2 and 6,100 km2 in area, respectively. The Southern Recharge 
Groundwater Source is situated in north-central New South Wales and the Eastern Recharge 
Groundwater Source is situated in northeastern New South Wales (Figure 1.1).  


The Southern and Eastern Recharge Groundwater Sources include all water contained in all rocks 
of Cretaceous, Jurassic, and Tertiary ages, and all alluvial sediments within the boundaries shown 
in Figure 1.1, with the following exceptions (DWE 2014): 


 The water to which the following applies: 
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 Water Sharing Plan for the Lower Gwydir Groundwater Source 2003 (current document 
from 2019); 


 Water Sharing Plan for the Lower Macquarie Groundwater Sources 2003 (current 
document from 2019); 


 Water Sharing Plan for the Upper and Lower Namoi Groundwater Sources 2003; 


 Water Sharing Plan for the Castlereagh below Binnaway Unregulated and Alluvial 
Water Sources 2011 (now called Water Sharing Plan for the Castlereagh River 
Unregulated and Alluvial Water Sources 2011); 


 Water Sharing Plan for the Intersecting Streams Unregulated and Alluvial Water 
Sources 2011; 


 Water Sharing Plan for the NSW Great Artesian Basin Shallow Groundwater Sources 
2011;  


 Water Sharing Plan for the NSW Murray Darling Basin Fractured Rock Groundwater 
Sources 2011; and 


 Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Groundwater 
Sources 2011.  


 Any alluvial sediments within the excluded alluvial areas, as shown on Figure I-5.2 
(excluded alluvial areas are now included in the Water Sharing Plan for the NSW Border 
Rivers Unregulated and Alluvial Water Sources 2012 and the Water Sharing Plan for the 
Macquarie Bogan Unregulated and Alluvial Groundwater Sources 2012).  


2.3 Climate 


Rainfall is an extremely important contributor to all components of recharge in the Southern and 
Eastern Recharge Groundwater Sources. The GAB is largely located in the arid and semi-arid parts 
of Australia. The Southern and Eastern Recharge Groundwater Sources (i.e. the intake beds in 
New South Wales) straddle the subtropical climate zone with no dry season, and the temperate 
climate zone with no dry season and hot summer (classified using the modified Köppen 
classification; Stern et al. 2008). The subtropical climate zone has a mean annual temperature of 
at least 18°C and extends from Queensland into part of the northern intake beds in New South 
Wales. The temperate climate zone occupies part of the eastern and most of the southern intake 
beds. The intake beds in New South Wales are located in the sub-humid rainfall zone with erratic 
and variable rainfall which generally has a uniform seasonal distribution tending towards summer 
dominance in the north. Across the Southern and Eastern Recharge Groundwater Sources, mean 
annual rainfall varies from between 400 mm to 500 mm in the southwest to 600 mm to 700 mm 
in the north, and generally decreases across the intake beds from east to west (Figure 2.5). 
However, this east-west trend is complicated by topography, which causes higher rainfall in areas 
with higher altitudes. Rainfall occurs year-round. High magnitude rainfall events occur more 
commonly in the northern part of the GAB in Queensland compared to New South Wales. Periods 
of below average rainfall droughts occur 20% to 40% of the time. Mean annual evaporation varies 
from about 1600 mm to 2400 mm across the New South Wales intake beds and exceeds rainfall 
everywhere by a considerable amount. 
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Figure 2.5 Average Annual Rainfall for the Intake Beds in New South Wales (from 
Habermehl et al. 2009) 


2.4 Surface Water 


Surface water flow regimes govern the rate, continuity, and extent of groundwater recharge in 
the fluvial recharge system. The intake beds in New South Wales are partly located in the 
catchments and drainage divisions of several streams. These streams are tributaries of the Darling 
River and include (from north to south) the Dumaresq, Macintyre, Gwydir, Namoi, Castlereagh, 
Macquarie, and Bogan Rivers (Figure 1.1). These streams generally drain west, northwest, and 
north, and are sources of recharge water where they cross the intake beds (Habermehl et al. 
2009). Further downstream, these streams may be fed by baseflow from the GAB or rejected 
recharge; this occurs where water is restricted from entering the aquifer and discharges to surface 
due to a shallow water table or geological/ structural controls (Kellett et al. 2012). Habermehl 
(1980) characterised that all streams in the GAB are characterised by extreme variation in 
discharge and flow duration. Some streams alternate between gaining streams and losing streams 
depending on preceding climate conditions and groundwater levels. Variable seasonal and annual 
stream flow patterns are caused by tropical cyclonic and summer monsoonal rainfall (primarily in 
northern Queensland), and in most areas, extended periods of droughts (some lasting for many 
years) alternate with major, long-lasting floods.  
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2.5 Hydrostratigraphy 


The primary aquifers in the northern and central parts of the GAB are hosted in the Mooga, 
Gubberamunda, and Hutton sandstones. The main confining beds include the Wallumbilla, Bungil, 
Orallo, and Westbourne Formations, Walloon Coal Measures, and Evergreen Formation. The 
primary aquifer in the southern portion of the Surat Basin is the Pilliga Sandstone and permeable 
layers in the Keelindi Beds. Confining beds for this portion of the Surat Basin include all or parts of 
the Wallumbilla, Bungil, Orallo, and Purlawaugh formations.  


The intake beds for the Southern and Eastern Recharge Groundwater Sources on the southern 
and eastern margins of the GAB in New South Wales are predominantly comprised of outcrops 
and subcrops of the Pilliga Sandstone and Keelindi Beds. These are described as: 


 Pilliga Sandstone (late Jurassic): medium to coarse grained, well sorted quartzose 
sandstone and conglomerate with minor interbeds of mudstone, siltstone, and fine-
grained sandstone and coal. Maximum thickness of 300 m. The unit was deposited as 
extensive high energy braided alluvial systems and thick channel sequences, with finer-
grained material indicative of channel fill and inter-channel facies.  


 Keelindi Beds (early Cretaceous to late Jurassic): fine- to coarse-grained, poorly sorted to 
well sorted quartzose sandstone, pebbly sandstone, and conglomerate interbedded with 
minor shale, siltstone, and coal. Represents a transition to lower energy fluvial systems 
including meandering stream and flood plain deposition.  


The outcrop of the Pilliga Sandstone and other Jurassic and Cretaceous units and the Cenozoic 
overburden are shown on Figure 2.6.  


Across the GAB, individual geological units that are hydrogeologically equivalent to each other 
have been grouped and assigned an aquifer name based on the primary contributing geological 
unit. The Pilliga Sandstone and Keelindi Beds aquifers are included in the Hooray Sandstone and 
equivalents aquifer group (which also includes the Bungil Formation, Mooga Sandstone, 
Gubberamunda Sandstone, Kumbarilla Beds, Wyandra Sandstone, Cadna-owie Formation, and 
Hooray Sandstone aquifers) as well as the Cadna-owie - Hooray Sandstone and equivalents aquifer 
group. The Hutton Sandstone is not hydrogeologically equivalent to this group. The stratigraphic 
table of the GAB including the Coonamble Embayment is provided in Figure 2.7, with the 
hydrogeologically equivalent aquifers highlighted. 
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Figure 2.6 Outcrop Areas of the Pilliga Sandstone (Jp) (from Ransley et al. 2012a) 
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Figure 2.7 Stratigraphic Table of the Great Artesian Basin (adapted from Kellett et al. 2003) 
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2.6 Groundwater Levels, Flow, and Gradients 


Extensive extraction of groundwater from the GAB since 1978 has impacted both natural and 
artificial discharge regimes. Regional artesian pressure declines in the Surat Basin and the 
Coonamble Embayment in New South Wales are generally 20 m to 50 m less than the maximums 
in southern Queensland (around 100 m); however, some bores do have pressure declines up to 
60 m and there are substantial areas with 20 m to 60 m of decline. This has resulted in reductions 
of artesian flow in all flowing water bores and cessation of artesian flow in some. Artesian springs 
have also suffered a universal decline in groundwater flow and some have ceased flowing 
(Habermehl et al. 2009).  


In New South Wales, the water table along the western slopes of the Great Dividing Range is 
within the Pilliga Sandstone. Groundwater flow is from the western slopes of the Great Dividing 
Range basinward, towards the north, northwest, and west in the vicinity of the Southern Recharge 
Groundwater Source and towards the west and north in the vicinity of the Eastern Recharge 
Groundwater Source (as shown in Figure 2.8 for the entire GAB). Estimated groundwater flow 
velocities vary between the different literature reviewed and range from 0.1 m/year to 0.8 m/year 
(Wolfgang 2000) to 1.6 m/year to 10 m/year (Habermehl 1980). 


A groundwater flow divide is present at the Great Dividing Range to the east of the intake beds, 
which is also the easternmost extent of the GAB in New South Wales. Kellett et al. (2012) 
interprets a groundwater flow divide along the New South Wales and Queensland border. 
Groundwater flow is towards the southwest in Queensland and to the northwest in New South 
Wales, converging around the Macintyre River.  


Where the potentiometric surface in the Pilliga Sandstone (and equivalents) is higher than the 
regional water table, there is the potential for upward flow gradients and vertical leakage into 
shallow aquifers. Where the potentiometric surface in the Pilliga Sandstone (and equivalents) is 
lower than the regional water table, downward leakage will occur. Figure 2.9 shows the difference 
between the regional water table and the potentiometric surface in the Cadna-owie - Hooray 
Sandstone and equivalents aquifer group, which includes the Pilliga Sandstone. Positive values 
indicate the potential for downward flow, while negative values indicate the potential for upward 
flow. The majority of the GAB is under artesian conditions, suggesting that upward vertical 
movement could occur through overlying leaky aquitards, though flow is restrained by the low 
permeability of the confining beds. Along the margins of the GAB, including in the vicinity of the 
Southern and Eastern Recharge Groundwater Sources, downward flow dominates.  


Flowing artesian bores, where water rises to surface under artesian pressure are not present in 
the recharge zones apart from the far northwestern part of the Eastern Recharge Groundwater 
Source area (Figure 2.10) (Habermehl 1980).  
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Figure 2.8 Directions of Regional Groundwater Flow and Springs in the Great Artesian Basin 
(from Radke et al. 2000) 
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Figure 2.9 Difference between the Regional Water Table and the Potentiometric Surface in 
the Cadna-owie – Hooray and Equivalents Aquifer (adapted from Smerdon et al. 
2012a) 
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Figure 2.10 Location of Flowing Artesian Water Bores (from Habermehl 1980) 


2.7 Springs 


Flowing artesian springs within the GAB are generally associated with structural features or water 
under artesian pressure breaking through thin or leaky confining beds. Springs are also present in 
some of the recharge areas along the eastern margins of the GAB, but most of these are caused 
by rejected recharge. The locations of spring complexes and spring supergroups in the GAB are 
provided in Figure 2.8 (from 1980) and Figure 2.11 (from 2012). These figures show that there are 
very few springs in or near the intake beds of the Southern and Eastern Recharge Groundwater 
Sources; however, according to Miles et al. (2012), there have been no major updates to spring 
mapping in New South Wales since 1992. This indicates that there may be more springs that are 
not included in these figures.  


Spring discharges have generally declined since the early development of extraction bores in the 
GAB (Habermehl et al. 2009). 
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Figure 2.11 Spring and Spring Supergroup Locations (from Miles et al. 2012) 
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3 LITERATURE REVIEW 


The literature review summarises information on approaches and techniques applied for 
estimating recharge to the GAB. The review focused on the intake beds in New South Wales and 
Queensland; a factual summary of the review findings is included in Appendix I. The reports 
reviewed include information of varying technical complexity and of variable spatial scale. The 
literature review focused on areas of these documents which relate to recharge mechanisms and 
estimates, with the intent to develop a contemporary body of evidence to better understand 
recharge in the intake beds of the Southern and Eastern Recharge Groundwater Sources. 
Repetition in concepts from prior works is not repeated; rather only new concepts or 
advancements in prior knowledge are generally provided. For this reason, documents are 
presented in chronological order.  


The literature review included in Appendix I is not a technical critique of the work done to reach 
the conclusions in each individual report, nor is it an exhaustive review of all reports published or 
issued on recharge in the GAB. Supporting content is accepted as correct and current effort in this 
review was placed solely on gathering knowledge and practical tools in understanding and 
translating the conceptual understanding of recharge processes. Much of the content is 
paraphrased directly from the source reports.  
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4 LITERATURE REVIEW DISCUSSION 


The majority of groundwater recharge in New South Wales occurs along the elevated eastern 
margins of the GAB where sandstone aquifers (predominantly the Pilliga Sandstone and 
permeable layers in the Keelindi Beds) outcrop or subcrop (i.e. the Southern and Eastern Recharge 
Groundwater Sources in Figure 1.1).  


4.1 Recharge Mechanisms 


Understanding groundwater recharge mechanisms and rates is often referred to as the most 
difficult parameter to measure in a groundwater budget (Healy 2010). Relatively low recharge 
rates combined with large spatial and temporal variability of water fluxes (as is encountered in the 
GAB) results in additional complexity (Smerdon et al. 2012a).  


The principal mechanisms of recharge in the GAB have not appreciably changed since Kellett et al. 
(2003), with the exception of the addition of mountain system recharge by Herczeg and Love 
(2007). Kellett et al. (2003) is heavily cited in later work and, although some variations of the 
processes are presented and the terminology can sometimes vary, the fundamental concepts 
remain consistent. The recharge mechanisms into the Southern and Eastern Recharge 
Groundwater Sources are:  


1. Diffuse recharge; 


2. Preferred pathway flow; 


3. Localised recharge; and  


4. Mountain system recharge (potentially).  


In arid Australia, where evapotranspiration exceeds rainfall, extreme rainfall events are a major 
factor in recharge by one, some, or all of these mechanisms. This implies that recharge is likely to 
be irregular and variable in both time and space (Habermehl et al. 2009). However, there are 
circumstances when each mechanism is likely to occur, as discussed below.  


Diffuse recharge occurs across most of the intake beds in the Southern and Eastern Recharge 
Groundwater Sources, due to outcroppings of permeable sandstone. Diffuse recharge rates are 
inferred to be less than the rates of the other recharge mechanisms; however, diffuse recharge 
occurs over larger areas (nearly everywhere that permeable sandstone outcrops at surface).  


While recharge rates from localised recharge are expected to be higher than diffuse recharge, 
recharge is spatially limited in extent to beneath rivers, streams, and alluvial groundwater systems 
that overlie permeable aquifers. This restricts recharge flux via the localised mechanism. Localised 
recharge in the GAB in New South Wales is expected to occur in locations where larger streams 
such as the Dumaresq, Macintyre, Gwydir, Namoi, Castlereagh, Macquarie, and Bogan Rivers 
overlie the permeable intake beds, though recharge also occurs from smaller ephemeral streams. 
For this recharge mechanism to occur, there must be water in the surface water body and a 
downward hydraulic gradient.  


Similar to localised recharge, recharge rates via preferred pathway flow are expected to be higher 
than diffuse recharge; however, recharge is spatially restricted to permeable features and 
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discontinuities. In addition to these permeable features, previous studies have indicated that at 
least 150 mm to 200 mm of rainfall over a continuous 30-day period is needed to saturate the 
regolith so that preferred pathway flow can occur. Recharge rates via this mechanism are lower in 
New South Wales than northern Queensland as the frequency of high rainfall events is less. 
Therefore, the recharge flux from preferred pathway flow may not be as dominant as the 
historical literature describes.  


Mountain system recharge is a relatively newly defined recharge mechanism for the GAB and as 
such, has not previously been quantified for the New South Wales intake beds. There is the 
potential for runoff from the elevated Great Dividing Range (i.e. mountain system recharge) to 
contribute to recharge in the intake beds.  


4.1.1 Rejected Recharge 


In areas where the potential recharge rate exceeds the rate at which water can enter the 
permeable aquifers, the aquifer becomes fully saturated and available recharge may be rejected 
via springs or through the bases of streams that are in connection with the intake beds. Some of 
these streams may alternate between recharging and discharging line sources depending on the 
amount of recharge occurring. Areas of rejected recharge including springs have not been mapped 
near the Southern and Eastern Recharge Groundwater Sources but are potentially located near 
the western margins of the intake beds where the potentiometric surface is close to or at ground 
surface.  


4.2 Recharge Estimation Methods 


Recharge can be estimated using a wide range of methods. Recharge is commonly estimated at 
the watershed scale using simple water budget methods or numerical groundwater flow models. 
These methods provide an average recharge estimate for an area; however, recharge can vary 
both within and between watersheds because of variations in land use, topography, geology, and 
climate. Because of this, recharge estimates with site-specific data can complement the larger-
scale methods.  


The preferred approach to estimating recharge is to use multiple methods to determine, and then 
refine, the recharge rate. Recharge studies should begin with a review of background information 
(including maps, soils, geology, vegetation, land use, stream flow data, precipitation and climate 
data, groundwater level data, groundwater and air quality data, hydraulic properties of the 
aquifers, historical studies, etc.) to determine the most suitable approach based on site 
conditions. Lists of potential estimation methods, as well as advantages and disadvantages for 
each, are provided in Tables I-4.1 and I-11.1 in Appendix I. Depending on the results, numerical 
modelling may be beneficial so that the recharge estimates can be further constrained.  


According to Crosbie et al. (2010), 77% of the recharge estimates in Australia were made using the 
saturated zone steady-state chloride-mass-balance method, with the remaining typically made 
from the unsaturated zone steady-state and transient state chloride-mass-balance, groundwater 
hydrograph analysis, water balance, and environmental tracer methods. In the intake beds of New 
South Wales, the chloride-mass-balance method has been used most frequently to estimate 
recharge. This method is generally applied at a point scale but often needs to be upscaled to a 
regional scale for water management purposes. A recent study by Crosbie et al. (2018) combined 
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the chloride-mass-balance method with regression analysis to upscale the recharge. Other 
methods used in New South Wales have included using a percentage of annual rainfall and 
isotope analysis. This is similar for Queensland, though groundwater hydrograph analysis and 
radiocarbon dating have also been used.  


The following sections provide more detail about the key methods used to estimate recharge in 
New South Wales and Queensland, as well as which recharge mechanism(s) each is most suitable 
for estimating. 


4.2.1 Saturated Zone Chloride-Mass-Balance Method 


The majority of literature reviewed for the GAB in New South Wales and Queensland used the 
saturated zone chloride-mass-balance method as the principal method to estimate recharge 
through the intake beds. The premise behind this method is that, in low- to moderate-salinity 
environments (much like the Pilliga Sandstone outcrops), the dissolved chloride ion is 
conservative, indicating that it does not take part in any geochemical reactions (such as diffusion, 
dispersion, adsorption, etc.). As a result of this, chloride concentrations in rainfall can be 
compared to those measured in groundwater using the following formula: 


𝑅𝑅𝑅𝑅𝑅𝑅ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑅𝑅 =  
𝐶𝐶ℎ𝑙𝑙𝑙𝑙𝑎𝑎𝑙𝑙𝑙𝑙𝑅𝑅 𝐶𝐶𝑙𝑙𝐶𝐶𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝑎𝑎𝑎𝑎𝐶𝐶𝑙𝑙𝑙𝑙𝐶𝐶 𝑙𝑙𝐶𝐶 𝑅𝑅𝑎𝑎𝑙𝑙𝐶𝐶𝑅𝑅𝑎𝑎𝑙𝑙𝑙𝑙 𝑎𝑎𝐶𝐶𝑙𝑙 𝐷𝐷𝑎𝑎𝐷𝐷 𝐷𝐷𝑅𝑅𝐷𝐷𝑙𝑙𝐷𝐷𝑙𝑙𝐶𝐶𝑙𝑙𝑙𝑙𝐶𝐶 × 𝑃𝑃𝑎𝑎𝑅𝑅𝑅𝑅𝑙𝑙𝐷𝐷𝑙𝑙𝐶𝐶𝑎𝑎𝐶𝐶𝑙𝑙𝑙𝑙𝐶𝐶


𝐶𝐶ℎ𝑙𝑙𝑙𝑙𝑎𝑎𝑙𝑙𝑙𝑙𝑅𝑅 𝐶𝐶𝑙𝑙𝐶𝐶𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝑎𝑎𝑎𝑎𝐶𝐶𝑙𝑙𝑙𝑙𝐶𝐶 𝑙𝑙𝐶𝐶 𝐺𝐺𝑎𝑎𝑙𝑙𝑟𝑟𝐶𝐶𝑙𝑙𝑟𝑟𝑎𝑎𝐶𝐶𝑅𝑅𝑎𝑎
 


The chloride concentration in rainfall and dry deposition component is mainly comprised of wet 
deposition, and dry deposition is generally considered to be a minor or negligible component 
(OGIA 2016a).  


This method is commonly used because the data is relatively easy and inexpensive to obtain, the 
calculation is simple to use, and the recharge estimates can easily be refined as more data 
becomes available. The method effectively provides estimates of net recharge using all recharge 
mechanisms (i.e. diffuse recharge, preferred pathway flow, localised recharge) and excludes 
recharge that is discharged back into streams or lost through evapotranspiration (Kellett et al. 
2003, Habermehl et al. 2009, OGIA 2016a). Recharge can be estimated over larger spatial scales, 
as the saturated zone chloride-mass-balance method produces a lumped long-term recharge rate 
that has been damped against annual and seasonal variations in rainfall, weather patterns, and 
chloride inputs. It removes the bias due to point sampling in the unsaturated zone, an important 
consideration in the intake beds where large heterogeneities over horizontal distances occur 
frequently (Habermehl et al. 2009). 


There is a time lag between the time of recharge at surface and the actual occurrence of recharge 
into groundwater; however, the saturated zone chloride-mass-balance method estimates long-
term mean recharge rates with the assumption that there are no other sources or sinks for the 
deposited chloride.  


Herczeg and Love (2007) indicated that extreme care should be used when applying the saturated 
zone chloride-mass-balance method to large temporal scales, as the amount of rainfall and the 
amount of chloride in rainfall likely varies temporally. This is an important consideration when 
assessing palaeo-recharge and predicting future recharge, which are discussed further in Section 
4.3.  
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4.2.2 Unsaturated Zone Chloride-Mass-Balance Method 


The unsaturated zone chloride-mass-balance method requires continuous coring from the ground 
surface to the water table. Chloride enters the soil zone with meteoric water and the water is 
subsequently lost by evapotranspiration, leaving residual chloride proportional to the amount of 
water lost. The nature of the chloride profile reflects the balance between diffuse recharge and 
preferred pathway flow. Bulges in chloride concentrations in the upper portion of the hole 
followed by a steady or slow decline can be used to estimate diffuse recharge. Lower chloride 
concentrations in deeper parts of the hole may represent zones where water is transmitted via 
preferred pathway flow.  


4.2.3 Percentage of Annual Rainfall 


Recharge has historically been expressed as a percentage of average annual rainfall for ease of 
reference and application to modelling studies; however, this approach is overly simplistic except 
when there is a long-time scale or the recharge area is quite large. The study by Barron et al. 
(2010) indicated that annual rainfall was a major factor influencing recharge; however, rainfall 
intensity was more of a contributing factor. This was a common theme across the majority of 
literature reviewed: preferred pathway flow, which requires episodic, high-rainfall events, is the 
dominant recharge mechanism in the intake beds, especially compared to diffuse recharge. 
Estimating recharge using a percentage of average annual rainfall only does not fully capture 
these events. 


Another reason this estimation method is simplistic is that rainfall is not the only mechanism 
affecting recharge: topography, land use, vegetation, soil or surficial geology, and hydraulic 
properties of the subsurface also need to be considered. With that being said, this is still a useful 
method to provide a general indicator of recharge or to quickly confirm recharge rates from other 
estimation methods.  


4.2.4 Groundwater Hydrograph Analysis 


Evidence of localised recharge from stream leakage may be observed in groundwater hydrographs 
from nearby monitoring bores. The groundwater level response to changing stream flows and 
levels over time can then be evaluated to estimate recharge.  


This method is best applied to shallow water tables that show sharp water level increases and 
decreases. It is important to note that changes in the groundwater level may be unrelated to 
recharge (i.e. groundwater extraction). 


4.2.5 Radiocarbon and Stable Isotope Dating 


Radiocarbon or stable isotope dating of groundwater can be used to determine groundwater 
velocities, which in some situations may be related to recharge rates. Preferred pathway flow is 
supported by the occurrence of modern groundwater, as shown by age dating, at considerable 
depth in some bores, indicating a relatively quick recharge mechanism. Groundwater dating 
techniques are also useful as they can provide information about the groundwater systems over 
large time scales.  
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4.3 Historical and Future Recharge Rates 


Palaeo-recharge can be estimated from the combination of stable isotopes and detailed 
groundwater chemistry results. Love et al. (2000), Herczeg and Love (2007), and Radke et al. 
(2000) suggested that both wetter climates and higher recharge rates (potentially at least three 
times greater) occurred in the past, with regional rainfall and diffuse recharge in steady decline 
from 130,000 to 10,000 years ago and intermittent periods of no recharge. Habermehl et al. 
(2009) assessed stable isotopes, radioactive isotopes, and detailed groundwater chemistry, and 
observed that recharge processes in the southern intake beds of the GAB showed the same 
evaporative concentration for the past ~30,000 years and isotopic composition had been 
relatively constant over that period. This may suggest that recharge rates may not have not 
changed substantially over time in the southern intake beds of the GAB. 


Few studies have been completed worldwide assessing the impact of future climate variations on 
groundwater resources and, in particular, recharge. Welsh et al. (2012) developed models so that 
the impact of climate and groundwater development on groundwater levels in 2070 could be 
assessed. The future climate scenarios included a change of rainfall and evaporation (extreme wet 
conditions, current conditions, and dry conditions). The results indicated that recharge is 
predicted to:  


 Increase everywhere in the Southern and Eastern Recharge Groundwater Sources if the 
current climate and development stay the same;  


 Decrease in the northern and southern parts of the groundwater sources and increase in 
the remaining parts of the groundwater sources if the current climate stays the same but 
development (i.e. extraction) increases; 


 Increase everywhere in the groundwater sources under extreme wet conditions (for both 
current and future development); and  


 Decrease in the majority of the areas under extreme dry conditions (for both current and 
future development).  


Barron et al. (2010) focused on the impact of future climate variations on groundwater in 
Australia. Key results include: 


 The climate type for the Southern and Eastern Recharge Groundwater Sources had not 
changed since at least 1939 and were not predicted to change by either 2030 or 2050.  


 Annual rainfall is a major factor influencing recharge; however, recharge is more 
dependent on rainfall intensity. Rainfall intensity under future climate scenarios is 
important to project, particularly in the southern region of the country. 


 A single global climate model, downscaling method (from regional-scale to local-scale), 
and hydrological model may be inadequate for future groundwater resources projection, 
and instead, multiple models and methods may be required.  


4.4 Historical Recharge Estimates (compiled from Literature Review) 


Recharge estimates from the literature review for New South Wales, New South Wales and 
Queensland, and Queensland are summarised in Table 4.1, Table 4.2, and Table 4.3, respectively. 
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Table 4.1 Summary of Recharge Estimates from Literature Review – New South Wales 


Source State Location Details 
Recharge Area 


(km2) Estimation Method Comments 
ML/year mm/year 


Mulholland 
(1950) NSW 


western flanks of the 
Warrumbungle Ranges 


in the Coonamble 
Embayment 


2,880  453 percentage (15%) of annual rainfall 
from Wolfgang (2000): appears low due 


to underestimation of recharge area 
and the prevailing rainfall rate 


Wolfgang (2000) NSW Coonamble Embayment 
intake beds 


370 to  
1,830 0.2 to 1.1 1,625 


36Cl age data from Radke et al. (2000) 
and Pilliga Sandstone storage volume 


from Wolfgang (2000): appears low; 
residence time calculations suggest this 


should be reassessed 


Wolfgang (2000) NSW Coonamble Embayment 
intake beds 9,740 


6 
(1.2 to 
51.2) 


1,625 chloride-mass-balance in saturated 
zone; log mean of 6 mm/year 


from Wolfgang (2000): consistent with 
lower values estimated from studies 


conducted in QLD 


Wolfgang (2000) NSW Coonamble Embayment 
intake beds 


9,740 to 
48,750 6 to 30 1,625 


applied recharge rates (mm/year) 
estimated from separate studies 


conducted in QLD 
 


DWE (2009a, 
2009b, 2014) NSW Southern Recharge 


Groundwater Source 106,000   not provided 


recharge flux calculated from long-term 
average net recharge reported in DWE 
(2014) (42,400 ML/year) assuming that 


60% throughflow is occurring 
(McCallum, A., pers. comm)  


DWE (2009a, 
2009b, 2014) NSW Eastern Recharge 


Groundwater Source 47,500   not provided 


recharge flux calculated from long-term 
average net recharge reported in DWE 
(2014) (19,000 ML/year) assuming that 


60% throughflow is occurring 
(McCallum, A., pers. comm) 


Habermehl et al. 
(2009) NSW intake beds  0.1 to 9.0  chloride profiles in unsaturated zone diffuse recharge 


Habermehl et al. 
(2009) NSW intake beds  1.5 to 41.3  chloride profiles in unsaturated zone preferred pathway flow 


Habermehl et al. 
(2009) NSW intake beds  0 to 10  chloride profiles in saturated zone assume all mechanisms 


Habermehl et al. 
(2009) NSW intake beds 295,000 9 32,740 chloride-mass-balance for 


unsaturated and saturated zones  
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Source State Location Details 
Recharge Area 


(km2) Estimation Method Comments 
ML/year mm/year 


Kellett et al. 
(2012) NSW intake beds 84,000 9 9,300 


applied recharge rate (mm/year) 
from Habermehl et al. (2009) to a 


smaller area 
 


Smerdon et al. 
(2012a) NSW intake beds  0.7 to 47.8 


(mean 8.1)  chloride-mass-balance in saturated 
zone  


Crosbie et al. 
(2018) NSW Gwydir Study Area  


6 to 10.4 
(median 


7.8) 
 chloride-mass-balance and 


regressional kriging area extends to west of intake beds 


Crosbie et al. 
(2018) NSW Namoi Study Area  


6.4 to 10.2 
(median 


7.8) 
 chloride-mass-balance and 


regressional kriging area extends to west of intake beds 


Crosbie et al. 
(2018) NSW Central West Study Area  


4.7 to 7.5 
(median 


5.8) 
 chloride-mass-balance and 


regressional kriging area extends to west of intake beds 


Notes: Blank cell = data was not provided in the literature. 
NSW = New South Wales, QLD = Queensland. 
 


Table 4.2 Summary of Recharge Estimates from Literature Review – New South Wales and Queensland 


Source State Location Details 
Recharge Area 


(km2) Estimation Method Comments 
ML/year mm/year 


Welsh et al. 
(2012) 


NSW 
and 
QLD 


all of GAB except 
northern Cape York 


Peninsula 
185,000 0 to 33 


(mean 2.4)  numerical model (GABtran) recharge flux (ML/year) was provided in 
Smerdon et al. (2012a) 


Smerdon et al. 
(2012a) 


NSW 
and 
QLD 


Surat Basin: Cadna-owie 
- Hooray aquifer and 


equivalents 
157,000   chloride-mass-balance in saturated 


zone  


Ransley et al. 
(2012b) 


NSW 
and 
QLD 


Surat Basin: Cadna-owie 
- Hooray aquifer and 


equivalents and Hutton 
aquifer 


237,500   conceptual diagrams potential incorrect recharge fluxes used 
for this estimate 


Notes: Blank cell = data was not provided in the literature. 
NSW = New South Wales, QLD = Queensland, Surat CMA.  
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Table 4.3 Summary of Recharge Estimates from Literature Review – Queensland 


Source State Location Details 
Recharge Area 


(km2) Estimation Method Comments 
ML/year mm/year 


Kellett et al. 
(2003) QLD intake beds  0.03 to 2.4  various methods diffuse recharge 


Kellett et al. 
(2003) QLD intake beds  0.5 to 28.2  various methods preferred pathway flow 


Kellett et al. 
(2003) QLD intake beds  up to 30  various methods localised recharge 


Kellett et al. 
(2003) QLD Hooray Sandstone 


aquifer and equivalents 264,590   chloride-mass-balance in the 
saturated zone  


Kellett et al. 
(2003) QLD Hutton Sandstone 


aquifer 115,860   chloride-mass-balance in the 
saturated zone  


Kellett et al. 
(2003) QLD Border Rivers 


Catchment 41,680   chloride-mass-balance in the 
saturated zone  


OGIA (2016a) QLD Surat CMA intake beds 358,331 8.9  chloride-mass-balance in the 
saturated zone  


OGIA (2016b) QLD Surat SMA intake beds 172,263 4.3  numerical model using recharge 
inputs from OGIA (2016a)  


KCB (2016) QLD Surat CMA intake beds 
230,000 


to 
250,000 


  estimated values based on previous 
data  


OGIA (2019) QLD Surat CMA intake beds 300,000 9  chloride-mass-balance  
Notes: Blank cell = data was not provided in the literature. 


NSW = New South Wales, QLD = Queensland, Surat CMA = Surat Cumulative Management Area. 
Methods to estimate recharge rates in Kellett et al. (2003) included hydrograph analysis, chloride-mass-balance calculations, radiocarbon dating of groundwater, and 
stable isotope analysis. 
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4.4.1 Discussion on the Historical Recharge Rate Estimates 


Recharge rates estimated in New South Wales (Table 4.1) range from 0.1 mm/year (Habermehl et 
al. 2009) to 51.2 mm/year (Wolfgang 2000); however, the majority of the mean rates range 
between 6 mm/year and 10 mm/year. These rates are comparable to the mean recharge rates 
estimated in recent studies in Queensland, ranging from 4 mm/year to 9 mm/year (Table 4.3).  


Recharge rates estimated in early studies by Mulholland (1950) and Wolfgang (2000) can largely 
be ignored when estimating the recharge rate for the Southern and Eastern Recharge 
Groundwater Sources, as they are focused on only a small portion of the intake beds in New South 
Wales (i.e. the western Coonamble Embayment).  


The study by Kellett et al. (2003) was one of the first and most detailed studies focused on 
quantifying recharge rates in the Surat Basin. As part of this study, recharge rates for diffuse 
recharge, preferred pathway flow, and localised recharge were estimated separately. While this 
study was focused on the Queensland portion of the intake beds, the rates estimated are relevant 
to New South Wales, but may require adjustments for factors such as climate and geology. 
Habermehl et al. (2009) conducted a similar study for the New South Wales portion of the Surat 
Basin, focusing on diffuse recharge and preferred pathway flow only. For both the Queensland 
and New South Wales studies, the range of rates estimated for preferred pathway flow were 
higher than for diffuse recharge.  


The diffuse recharge rates from Kellett et al. (2003) are quite a bit lower than the diffuse recharge 
rates from Habermehl et al. (2009), which is unexpected as diffuse recharge is expected to be 
higher in Queensland due to higher rainfall in this area of Australia. The lower recharge rates from 
Kellett et al. (2003) are from a smaller study area and data set, with three years of rainfall data 
collected from two weather stations and chloride concentrations from over 600 bores. The 
Habermehl et al. (2009) estimates are from a larger study area and data set, with recharge rates 
estimated from the long-term mean annual rainfall from ten weather stations and chloride 
concentrations in groundwater from over 13,000 bores. It is possible that the diffuse recharge 
rates measured by Kellett et al. (2003) are lower than average as a result of the smaller study 
area, which may be located in an area that has lower rainfall amounts, lower chloride 
concentrations in rainfall, and/or higher chloride concentrations in groundwater, all of which may 
result in a lower recharge rate.  


A mean recharge rate of 9 mm/year was estimated by Habermehl et al. (2009) using the saturated 
zone chloride-mass-balance method. This value is consistent with the rest of the measurements 
for New South Wales and is comparable with recent estimates by OGIA in Queensland, which 
were also estimated using the chloride-mass-balance method.  


The study by Crosbie et al. (2018) was focused on coal-bearing basins in eastern New South Wales 
rather than just the intake beds of the GAB or Surat Basin. Three study areas, delineated by 
surface water catchments, include the intake beds of the Southern and Eastern Recharge 
Groundwater Source Areas (Figure 4.1). Recharge rates were estimated for the Jurassic sediments 
(i.e. the Pilliga Sandstone) for each of the study areas using a combination of chloride-mass-
balance and regressional kriging to upscale from point-scale to regional-scale. Recharge rates 
ranged between 4.7 mm/year and 10.4 mm/year and decreased from northeast to southwest. 
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Figure 4.1 Gwydir, Namoi, and Central West Study Areas (used in Crosbie et al. 2018) 


4.4.2 Discussion on the Historical Area Estimates 


The recharge areas assessed in New South Wales have varied between studies ranging from 
453 km2 (for the western Coonamble Embayment) to 32,740 km2 (for the entire intake bed area in 
New South Wales). The large range is in part due to the individual studies varying in scale from 
regional, such as Habermehl et al. (2009) being focused on the entire intake bed area in New 
South Wales, to local, such as Wolfgang (2000) being focused on sub-areas (i.e. the Western 
Coonamble Embayment). Adequately delineating the recharge area for the intake beds is an 
important factor for estimating recharge flux. 


The Southern and Eastern Recharge Groundwater Sources have areas of approximately 
23,600 km2 and 6,100 km2 respectively, for a total area of approximately 29,700 km2. This is 
similar to the recharge area used by Habermehl et al. (2009) (32,740 km2). Kellett et al. (2012) 
assessed this area as being too large and subsequently reassessed the extent of the intake beds as 
part of water table mapping. The intake bed area was reduced to 9,300 km2 after removal of the 
following: mapped basalts, basement inliers, Warrumbungle dolerites, Garrawilla Volcanics, and 
intake beds west of Narromine. The extent of the reduced recharge area was not produced within 
their report. 
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4.4.3 Discussion on the Historical Recharge Flux Estimates 


While recharge rates measured across the intake beds in New South Wales are relatively 
consistent, large discrepancies are evident when translating from a recharge rate in mm/year to 
recharge flux in ML/year. This is because the area of the intake beds varies between studies, as 
discussed in Section 4.4.2. Because of this, this discussion on historical recharge fluxes calculated 
from historical literature is limited.  


The study by OGIA (2016a) estimated recharge rates and fluxes for the individual 
hydrostratigraphic units in the Queensland portion of the Surat Cumulative Management Area 
using the saturated zone chloride-mass-balance method. The study by OGIA (2016b) used these as 
inputs into a numerical model to refine the recharge estimates. The Bungil Formation, Mooga 
Sandstone, and Gubberamunda Sandstone are three of the intake beds in Queensland, and are 
hydrogeologically equivalent to the Pilliga Sandstone in New South Wales. Conceptually, the 
recharge rates for these three aquifers range between 1.1 mm/year and 5.0 mm/year, with a flux 
of 39,937 ML/year (OGIA 2016a). When these values are numerically modelled, the recharge flux 
reduced to 25,253 ML/year (OGIA 2016b). These values are lower but within the same order of 
magnitude as the estimated recharge flux estimated by Kellett et al. (2012) using a mean recharge 
rate of 9 mm/year and an area of 9,300 km2 (84,000 ML/year). The differences are due to lower 
recharge rates and a smaller intake area for the Bungil Sandstone, Mooga Sandstone, and 
Gubberamunda Sandstone compared to the Pilliga Sandstone. 
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5 RECHARGE FOR THE SOUTHERN AND EASTERN RECHARGE GROUNDWATER 
SOURCES 


Recharge rates and fluxes for the Southern and Eastern Recharge Groundwater Sources have been 
estimated from the reviewed literature. Differing assumptions for recharge mechanisms, 
estimation methods, and recharge areas between previous studies contribute to the variations 
observed between the individual studies. A summary of recharge for the Southern and Eastern 
Recharge Groundwater Sources is provided in the following sections. 


5.1 Recharge Mechanisms 


Diffuse recharge is expected to occur across most of the intake beds that make up the Southern 
and Eastern Recharge Groundwater Sources. Where rivers and streams overlie permeable 
sandstone, localised recharge may occur when these surface water bodies are flowing or contain 
standing water. Preferred pathway flow may occur where sub-surface features or discontinuities 
that are more permeable than the Pilliga Sandstone and Keelindi Beds are present. Flow within 
these zones is likely to be episodic and occur when rainfall events saturate overlying regolith, 
where present. Mountain system recharge from the Great Dividing Range is also likely 
contributing to recharge to the intake beds of the Southern and Eastern Recharge Groundwater 
Sources. 


5.2 Estimation Method 


Most previous studies completed in New South Wales and Queensland have concluded that the 
saturated zone chloride-mass-balance method is appropriate for estimating recharge to the intake 
beds. This approach was also recently used in updates to the Underground Water Impact Report 
for the Surat Cumulative Management Area by OGIA (2019) and, in the absence of additional data, 
is also preferred to estimate recharge for the intake beds of the Southern and Eastern Recharge 
Groundwater Sources. This approach is suited to the regional scale of this assessment as it 
considers contributions from all recharge mechanisms and excludes rejected recharge and 
evapotranspiration effects. 


5.3 Recharge Areas 


The Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 2008 (DWE 2014) 
indicates that the Southern and Eastern Recharge Groundwater Sources include groundwater 
within Cretaceous, Jurassic, and Tertiary rocks and alluvial sediments spatially constrained within 
the groundwater source boundaries shown in Figure 1.1.  


Digital surficial geology data from the Geological Survey of New South Wales statewide database 
was used to estimate recharge areas. Groundwater sources included in adjoining or overlapping 
water sharing plans were excluded from the assessment to minimise double accounting of 
recharge. These excluded areas included:  


 Unconsolidated alluvial sediments within the Lower Namoi Groundwater Source and the 
Upper Namoi Zone 5, Namoi Valley (Gin’s Leap to Narrabri) Groundwater Source (from the 
Water Sharing Plan for the Upper and Lower Namoi Groundwater Source 2019). 
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 Alluvial sediments within the Castlereagh Alluvial Groundwater Source and the Castlereagh 
River Unregulated Water Source (from the Water Sharing Plan for the Castlereagh River 
Unregulated and Alluvial Water Sources 2011). 


 Alluvial sediments within the NSW Border Rivers Downstream Keetah Bridge Alluvial 
Groundwater Source, NSW Border Rivers Upstream Keetah Bridge Alluvial Groundwater 
Source, Macintyre Alluvial Groundwater Source, and Ottleys Creek Alluvial Groundwater 
Source (from the Water Sharing Plan for the NSW Border Rivers Unregulated and Alluvial 
Water Sources 2012).  


 Alluvial sediments within the Macquarie Bogan Alluvial Groundwater Source (from the 
Water Sharing Plan for the Macquarie Bogan Unregulated and Alluvial Water Sources 
2012). 


 All rocks that are not of Cretaceous, Jurassic, and Tertiary ages and all alluvial sediments in 
the Lachlan Fold Belt MDB Groundwater Source and New England Fold Belt MDB 
Groundwater Source (from the Water Sharing Plan for the NSW Murray Darling Basin 
Fractured Rock Groundwater Sources 2011). 


 All basalt and sediments of Tertiary age and all alluvial sediments in the Warrumbungle 
Basalt Groundwater Sources (from the Water Sharing Plan for the NSW Murray Darling 
Basin Fractured Rock Groundwater Sources 2011). 


 All rocks that are not of Cretaceous, Jurassic, and Tertiary ages and all alluvial sediments in 
the Gunnedah-Oxley Basin MDB Groundwater Source (from the Water Sharing Plan for the 
NSW Murray Darling Basin Porous Rock Groundwater Sources 2011). 


Figure 5.1 shows the updated recharge areas for the Southern and Eastern Recharge Groundwater 
Sources and excluded areas. Table 5.1 summarises the updated recharge areas for the Southern 
and Eastern Recharge Groundwater Sources. 


Table 5.1 Updated Recharge Areas for the Southern and Eastern Recharge Groundwater 
Sources 


Groundwater Source 
Updated 


Recharge Area 
(km2) 


Percentage of Area Assessed by: 
Habermehl et al. 


(2009) 
(32,740 km2) 


Kellett et al. 
(2012) 


(9,300 km2) 
Southern Recharge Groundwater Source 18,531 not calculated as areas were not 


delineated in Habermehl et al. 
(2009) and Kellett et al. (2012) Eastern Recharge Groundwater Source 5,656 


TOTAL 24,187 74% 260% 
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Figure 5.1 Updated Recharge Areas for the Southern and Eastern Recharge Groundwater Sources (excluded areas also shown)
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5.4 Recharge Rates and Fluxes 


5.4.1 Recharge Rates 


Smerdon et al. (2012a) estimated recharge in the intake beds of New South Wales using the 
saturated zone chloride-mass-balance method, incorporating data from a 2011 map of chloride 
deposition for Australia (Leaney et al. 2011) and chloride concentrations in groundwater from 
Kellett et al. (2003) and Habermehl et al. (2009).  


Using the recharge estimates from Smerdon et al. (2012a) and the updated recharge areas 
provided in Section 5.3, the recharge rates for the Southern and Eastern Recharge Groundwater 
Sources were estimated. The rates are provided in Table 5.2 and shown in Figure 5.2. The Total 
Recharge Rate (mm/year) listed in Table 5.2 was calculated by summing the recharge rates from 
Smerdon et al. (2012a) for the updated areas of the Southern and Eastern Recharge Groundwater 
Sources.  


Table 5.2 Estimated Recharge Rates for the Southern and Eastern Recharge Groundwater 
Sources 


Recharge Rate Southern Recharge 
Groundwater Source 


Eastern Recharge 
Groundwater Source 


Southern and Eastern Recharge 
Groundwater Sources 


Mean (mm/year) 7.5 10.2 8.0 
25th Percentile (mm/year) 2.3 6.5 - 
50th Percentile (mm/year) 3.7 10.1 - 
75th Percentile (mm/year) 8.1 13.6 - 


Total (mm/year) 5,468 2,013 - 
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Figure 5.2 Estimated Recharge Rates for the Southern and Eastern Recharge Groundwater Sources 
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Across the majority of the Southern and Eastern Recharge Groundwater Sources, recharge rates 
are less than 10 mm/year. Recharge rates up to 47.8 mm/year are interpreted near the centre of 
the Southern Recharge Groundwater Source where the Pilliga National Park and Pilliga State 
Conservation Area are located. The vegetation in this undeveloped area is different to the 
surrounding developed area, which may be the cause for the higher recharge rates. Higher 
recharge rates in the Eastern Recharge Groundwater Source may be a response to the shift from 
native to summer crops and irrigated crops in this area (Smerdon et al. 2012a). 


5.4.2 Relationship between Mean Annual Rainfall and Recharge 


As a general indicator of recharge, mean annual rainfall across the Southern and Eastern Recharge 
Groundwater Sources varies between 400 mm to 500 mm in the southwest to 600 mm to 700 mm 
in the north, with higher rainfall in some isolated higher altitude areas along the eastern edge of 
the groundwater sources. An average recharge rate of 8.0 mm/year (from Table 5.2) equates to 
1% to 2% of mean annual rainfall, while the areas of higher recharge (up to 47.8 mm/year) equate 
to 5% to 12% of mean annual rainfall. This is generally consistent with historical literature, which 
estimated recharge rates ranged between 1% to 7% of mean annual rainfall.  


5.4.3 Recharge Fluxes 


Using the recharge estimates in Table 5.2 and the updated recharge areas in Table 5.1, total 
recharge flux was calculated for the intake beds, with results provided in Table 5.3.  


Table 5.3 Estimated Recharge Fluxes for the Southern and Eastern Recharge Groundwater 
Sources using Recharge Rates from Smerdon et al. (2012a) 


Recharge Flux Southern Recharge Groundwater Source Eastern Recharge Groundwater Source 
Updated Area (km2) 18,531 5,656 


Mean (ML/year) 138,983 57,691 
25th Percentile (ML/year) 42,621 36,764 
50th Percentile (ML/year) 68,565 57,126 
75th Percentile (ML/year) 150,101 76,922 


Total (ML/year) 138,226 57,806 
 
The recharge fluxes for the Southern Recharge Groundwater Source and the Eastern Recharge 
Groundwater Source are order of magnitude comparable to the recharge fluxes used to calculate 
long-term average net recharge in the current Water Sharing Plan for the NSW Great Artesian 
Basin Groundwater Sources (DWE 2014) (106,000 ML/year and 47,500 ML/year, respectively).  


Based on the information reviewed as part of this study, the recommended recharge fluxes to 
inform the resource extraction limit are: 


 Southern Recharge Groundwater Source: 138,200 ML/year, with a range of 
42,600 ML/year to 150,100 ML/year (calculated using the 25th and 75th percentiles). 


 Eastern Recharge Groundwater Source: 57,800 ML/year, with a range of 36,800 ML/year 
to 76,900 ML/year (calculated using the 25th and 75th percentiles). 


As discussed in Section 4.3, the limited information available regarding the impact of future 
climate variations on groundwater resources is currently insufficient to predict future recharge 
rates and fluxes. 
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6 CLOSING 


This report is an instrument of service of Klohn Crippen Berger Ltd (KCB). The report has been 
prepared for the exclusive use of New South Wales Department of Planning, Industry and 
Environment (Client) for the specific application to the Southern and Eastern Recharge 
Groundwater Sources - Recharge Review project, and it may not be relied upon by any other party 
without KCB's written consent. 


KCB has prepared this report in a manner consistent with the level of care, skill and diligence 
ordinarily provided by members of the same profession for projects of a similar nature at the time 
and place the services were rendered. KCB makes no warranty, express or implied. 


 


Yours truly, 


KLOHN CRIPPEN BERGER LTD 
 
 


 
Carlin Pacholko, P.Geo.   Andrew Hovey, RPGeo 
Senior Hydrogeologist    Senior Hydrogeologist, Associate 


cp/ah:sj 
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Appendix I  
Literature Review 


I-1 THE GREAT ARTESIAN BASIN, AUSTRALIA (HABERMEHL 1980) 


This report is a technical interpretation of the Great Artesian Basin (GAB), covering all elements of 
the system at the time of authorship, including previous investigations and sources of data, 
geology, groundwater hydrology, groundwater resources, and groundwater utilisation. It covers 
all areas of the GAB: New South Wales, Queensland, South Australia, and the Northern Territory. 


Outcrop areas of aquifers, most of which provide the opportunity for recharge to the aquifer 
units, occur mainly along the eastern margins of the GAB. Most recharge areas are on the western 
slope of the Great Dividing Range, though some aquifers in rocks of Triassic age outcrop on the 
eastern side of the surface watershed and dip to the southwest. Recharge areas vary from scarp-
bounded plateaus and cuestas to alluvial or rolling country, traversed by creeks and rivers. Some 
recharge takes place through Cainozoic sandy sediments overlying sandstone units.  


Discharge from the GAB occurs as natural discharge from concentrated spring outflow, vertical 
leakage towards the regional water table, and subsurface outflow into neighbouring basins, and 
as artificial discharge by means of free-flowing bores and pumped discharge from sub-artesian 
bores. The largest concentrations of springs are in the southern, south-central, and southwestern 
parts of the basin. There are few springs in or near the intake areas in New South Wales, with flow 
primarily the result of ‘overfilling’ of aquifers (i.e. rejected recharge). Spring discharges generally 
have declined since the early development of the bores in the GAB. 


Flowing artesian bores occur mainly in the northern, eastern, and southern marginal areas of the 
GAB, and in most of the south-central part (Figure I-1.1). In the eastern marginal parts, there are 
many non-flowing artesian bores. The GAB is indicated by the grey boundary in Figure I-1.1.  


Prior to development, the GAB was in a natural steady-state condition, with an equilibrium 
between recharge and natural discharge (e.g. by springs, vertical leakage, and some lateral 
outflow). Following development, artificial discharge by bores became very prominent and 
vertical leakage and spring discharge diminished. A visible effect has been the reduction in flow 
from springs in the south-central and southwestern parts of the basin. Abstraction by bores 
caused a steepening of the hydraulic gradient and allowed more recharge water to enter the 
system (from about 26 m3/s to 35 m3/s). Habermehl (1980) indicated that, at present (i.e. 1980), a 
new steady-state condition had been reached in which total recharge and discharge were 
reaching equilibrium again; this was not expected to change significantly provided no new major 
developments occurred. Continued or increased development of the GAB by drilling more flowing 
and non-flowing artesian water bores or abstracting more water from existing bores by pumping 
was predicted to further lower the potentiometric surface and, in time, result in diminishing flows 
and cause more bores to cease flowing.  


A previous study (Hind and Helby 1969) estimated that groundwater movement in the Coonamble 
Embayment varied between 1.6 m/year and 10 m/year. The study by Habermehl (1980) estimated 
that groundwater movement in the eastern marginal areas of the basin had an average velocity 
between 1 m/year and 5 m/year.  
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This is a frequently cited body of work that remains largely contemporary in its interpretation and 
forms strong linkage to later, more detailed investigations. Of note, the reference list for this 
paper is extensive. 


 


Figure I-1.1 Location of Flowing Artesian Water Bores (from Habermehl 1980) 


I-2 HYDROGEOLOGY OF THE PILLIGA SANDSTONE AQUIFER IN THE WESTERN 
COONAMBLE EMBAYMENT AND ITS IMPLICATIONS FOR WATER 
RESOURCE MANAGEMENT (WOLFGANG 2000) 


This PhD thesis is focused on the Pilliga Sandstone aquifer in the western Coonamble Embayment, 
a portion of the GAB in New South Wales. The water balance for this unit was approximated using 
geological, hydrogeological, and hydrogeochemical analyses completed as part of the thesis. It 
was determined that rechange in this area was primarily from rainfall and possibly river leakage, 
with minimal inflow laterally, upwards, or downwards from surrounding aquifers. Only diffuse 
recharge was estimated, as the data to estimate localised recharge from rivers was either not 
available or did not support that method of recharge.  







NSW Department of Planning, Industry and 
Environment 
Southern and Eastern Recharge Groundwater Sources  


Literature Review and Recommended Recharge Rates 
Appendix I - Literature Review 


 
 


Appendix I.docx 


 


Page I-3 
D10200A04  February 2020   
 


The conceptual model for recharge to this portion of the GAB was via outcrops and subcrops of 
the Pilliga Sandstone aquifer along the western slopes of the Great Dividing Range through alluvial 
fans on the Warrumbungle Ranges in the southern and eastern portions of the Coonamble 
Embayment. The flow regime within the Coonamble Embayment was thought to be isolated from 
the rest of the GAB. Localised recharge was inferred to have changed over geological time due to 
Warrumbungle volcanism and climate shifts. 


The author surmised from previous studies that the area in which recharge occurred in the 
Coonamble Embayment may range from 453 km2 to 35,000 km2. The large range is due to some 
studies only considering a small portion of the intake beds being permeable and other studies 
including units other than the Pilliga Sandstone (such as the Cainozoic alluvium and fractured 
rocks and volcanics in the Warrumbungle Ranges). The author indicated that there was 
uncertainty regarding the rate of recharge previously used for the Pilliga Sandstone in the 
Coonamble Embayment, in part due to widely-ranging estimates of recharge area.  


Historical estimates of diffuse recharge, as well as estimates determined by Wolfgang (2000) using 
an intake area of 1,625 km2 (selected based on an interpretation of the drainage patterns of the 
Warrumbungle Ranges), are provided in Table I-2.1. The author proposed that a study should be 
conducted to confirm the recharge area for the main portion of the Pilliga Sandstone in the 
Coonamble Embayment so that recharge could be estimated more accurately. 


Table I-2.1 Recharge Estimates (from Wolfgang 2000) 


Source Location 
Recharge 


Rate 
(mm/year) 


Area 
(m2) 


Recharge 
Flux 


(ML/year) 
Estimation Method 


Wolfgang (2000) 
Comments on 


Data 


Mulholland 
(1950) 


western flanks 
of the 


Warrumbungle 
Ranges in the 
Coonamble 
Embayment 


 453 2,880 percentage (15%) of 
annual rainfall  


appears low due 
to 


underestimation 
of recharge area 
(did not include 


most of the 
Warrumbungle 
Ranges due to 


structural 
considerations) 


and the 
prevailing rainfall 


rate 


Wolfgang 
(2000) 


Coonamble 
Embayment 
intake beds 


0.2 to 1.1 1,625 370 to 
1,830 


36Cl age data from 
Radke et al. (2000) and 


estimated Pilliga 
Sandstone storage 


volume 


appears low; 
residence time 


calculations 
suggest this 
should be 
reassessed 


Wolfgang 
(2000) 


Coonamble 
Embayment 
intake beds 


6 1,625 9,740 


chloride-mass-balance 
in saturated zone; log 
mean of 6 mm/year 


(range from 
1.2 mm/year to 
51.2 mm/year) 


consistent with 
lower values 


estimated from 
separate studies 


conducted in 
Queensland 
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Source Location 
Recharge 


Rate 
(mm/year) 


Area 
(m2) 


Recharge 
Flux 


(ML/year) 
Estimation Method 


Wolfgang (2000) 
Comments on 


Data 


Wolfgang 
(2000) 


Coonamble 
Embayment 
intake beds 


6 to 30 1,625 9,740 to 
48,750 


applied recharge rates 
(mm/year) estimated 
from separate studies 


conducted in 
Queensland 


no comments 


Notes: Blank cell indicates data was not provided in Wolfgang (2000). 
 
Based on an assessment of chloride concentrations in precipitation, soil, and groundwater at 14 
bores installed in the Pilliga Sandstone and volcanic, basalt, and fractured rock, Wolfgang (2000) 
estimated that up to 7% of mean annual rainfall recharges groundwater. The highest recharge 
occurred in bores installed in fractured rock. 


I-3 GROUNDWATER RECHARGE IN THE GREAT ARTESIAN BASIN INTAKE 
BEDS, QUEENSLAND (KELLETT ET AL. 2003) 


I-3.1 Background 


This report is a frequently cited technical assessment of groundwater recharge in the Queensland 
portion of the GAB, focused on the intake beds. Most subsequent technical reports addressing 
recharge refer to this report and apply similar procedures.  


An overview of the physiography and hydrogeology of the Queensland GAB is provided as the 
basis for the technical assessments presented in the report. The report presents an analysis and 
interpretation of a broad range of data regarding recharge. The conclusions section of the report 
presents relevant concepts that have been carried across to more recent assessments. A summary 
of the relevant information is provided below; for more details, refer directly to Kellett et al. 
(2003). 


I-3.2 Previous Work 


Key points from Kellett et al. (2003) regarding previous work were: 


 Acknowledgement that there had been little research done on recharge processes in the 
GAB, and measurements of recharge are sparse. 


 A study (Airey et al. 1979) of the environmental isotopes δ2H and δ18O from groundwater 
in flowing artesian bores in the Eromanga Basin supported the assumption of continuing 
meteoric recharge from geological to modern times. This study also equated sodium and 
chloride pulses in groundwater with changes to annual rainfall and redistribution of cyclic 
salts in the intake beds over the past 120,000 years.  


 Calf and Habermehl (1984) measured δ13C and 14C activities in flowing artesian bores and 
identified two areas adjacent to the Queensland intake beds where groundwater 
contained elevated levels of 14C, with the inference being that relatively rapid recharge 
was occurring into the adjacent intake beds. One of the areas was close to Goondiwindi, 
located near the Queensland and New South Wales border. 
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 With a half-life of 300,000 years, 36Cl is not an appropriate isotope for estimating recharge 
rates into the intake beds. 


I-3.3 Investigation Techniques and Interpretation 


Investigation techniques used by Kellett et al. (2003) included: delineation of intake beds using 
geological maps, remote sensing, and airborne gamma-radiometrics datasets; monitoring bore 
drilling and construction; use of automatic water level recorders; core, bore, and rainfall sampling 
and analyses; preparation of water table, depth to water, and chloride concentration maps; and 
radiocarbon dating of groundwater.  


Interpretations were conducted based on bore hydrographs, depth and configuration of the 
regional water table, environmental isotopic signatures, and both unsaturated zone and saturated 
zone chloride-mass-balance methods. These interpretations have allowed for recharge 
mechanisms occurring in the Queensland GAB intake beds to be identified: localised recharge, 
preferred pathway flow, and diffuse recharge.  


I-3.4 Recharge Mechanisms 


Localised recharge occurs beneath rivers, creeks, and alluvial groundwater systems that overlie 
permeable aquifers. The zones are restricted to the alluvium unless the sandstone has been 
eroded by the stream and the aquifer is hydraulically loaded by pools. Direct evidence of localised 
recharge from stream leakage was identified by the hydrograph response in some observation 
bores. Indirect evidence of localised recharge was indicated by groundwater chloride 
concentrations increasing systematically with distance away from recharge streams. It was also 
identified that some streams which flow across the intake beds alternate between being losing 
streams and gaining streams.  


The unsaturated zone and saturated zone chloride-mass-balance methods identified preferred 
pathway flow as an important recharge process in the intake beds of the Queensland GAB. Kellett 
et al. (2003) concluded that, despite limited knowledge, preferred pathway flow is the dominant 
recharge process in the GAB intake beds, likely occurring in bedding plane partings and thin 
porous strata. Rainfall events with high intensity and volume are required to provide sufficient 
saturation of the regolith for recharge events; it is estimated that at least 200 mm of rainfall is 
required within a 30-day period for preferred pathway flow to occur. Since the frequency of these 
high magnitude events is about twice as high in northern Queensland compared to both central 
and southern Queensland, recharge tends to be significantly higher in northern Queensland.  


Diffuse recharge has been identified in all the unsaturated zone chloride profiles. Recharge rates 
were calculated using the chloride-mass-balance method. The area influenced by the process of 
diffuse rainfall recharge is substantial; virtually the entire Queensland GAB intake beds. This 
process therefore has the largest spatial extent of the recharge mechanisms considered. However, 
rates are an order of magnitude lower than preferred pathway flow and localised recharge 
mechanisms.  
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I-3.5 Recharge Rates 


Recharge rates were calculated by various methods throughout the Queensland intake beds. The 
estimates are comparable between each of the methods used. However, in extrapolating data 
from different methods over an area, care must be taken to understand the conditions and 
factors that affect recharge (e.g. climate, vegetation, topography, soil and aquifer attributes, land 
use, etc.).  


Recharge rates are locally variable. Rates have been measured across three orders of magnitude 
from 0.03 mm/year up to 30 mm/year. Diffuse recharge is responsible for the widespread 
addition of less than 0.1 mm/year up to about 3 mm/year over the whole of the intake beds. 
Preferred pathway flow generated by high magnitude rainfall events (>200 mm/month) is variable 
depending on climatic conditions. Localised recharge rates generated by stream leakage are up to 
30 mm/year for this study but may be higher elsewhere. The calculated recharge rates were 
generally supported by radiocarbon age dating of groundwater, as older waters were detected in 
areas with lower estimates of groundwater recharge. Ranges of expected recharge for the 
Queensland intake beds as measured in the study were: 


 Diffuse recharge  0.03 mm/year to 2.4 mm/year 


 Preferred pathway flow  0.5 mm/year to 28.2 mm/year 


 Localised recharge  up to 30 mm/year 


The total volumetric recharge flux estimated from this study was 264,590 ML/year for the Hooray 
Sandstone and equivalents and 115,860 ML/year for the Hutton Sandstone. The Border Rivers 
Catchment, located at the border of Queensland and New South Wales, had an estimated 
recharge flux of 41,680 ML/year. The saturated zone chloride-mass-balance method was used for 
these flux estimates as it produces a lumped long-term recharge rate damped against annual and 
seasonal variations in rainfall and weather patterns, and chloride input. The advantage of using 
this method to estimate recharge is that it removes the bias due to point sampling in the 
unsaturated zone, an important consideration in the intake beds where heterogeneities over 
horizontal distances of the order of tens of metres are the rule rather than the exception. Also, 
the saturated zone represents the accumulation of all inputs (diffuse, preferred pathway flow, and 
localised recharge) and, since chloride profiles indicate bypass recharge is significantly higher than 
diffuse recharge, groundwater chlorinity should be more influenced by the chemistry of the 
bypass flow water than the diffuse recharge. A disadvantage of using the saturated zone chloride-
mass-balance method is that the groundwater at each sampling site is composed of a mixture of 
chloride that has infiltrated vertically and chloride that has been transmitted laterally from 
upgradient. 


I-3.6 Relationship between Rainfall and Recharge 


Historically, recharge to the GAB intake beds has been expressed as a percentage of average 
annual rainfall. This percentage has been estimated to vary between 1% and 3% in the 
Queensland and New South Wales intake beds, but in some cases, percentages of up to 5% of 
average annual rainfall have been proposed. Kellett et al. (2003) indicate that the notion of 
recharge expressed as a percentage of annual rainfall is overly-simplistic. This study has 
established that rainfall of the order of 200 mm or greater over a single month is required to 
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generate preferred pathway type recharge. These episodic, high magnitude rainfall events 
dominate recharge in the intake beds (in particular in northern Queensland), and recharge 
therefore needs to be considered as a function of the frequency of high magnitude rainfall events 
and should be regarded in terms of a recharge area index. 


I-4 REVIEW OF RECHARGE MECHANISMS FOR THE GREAT ARTESIAN BASIN 
(HERCZEG AND LOVE 2007) 


I-4.1 Background 


The project areas reviewed by Herczeg and Love (2007) were: the western margin of the GAB, 
stretching from near Woomera in South Australia, north, then northeast across the southeast of 
the Northern Territory and into southwest Queensland; and the Coonamble Embayment within 
the New South Wales portion of the GAB (Figure I-4.1). The recharge zones are those areas where 
the GAB either outcrops or where overlying water table aquifers have higher heads than the main 
GAB aquifer.  


 


Figure I-4.1 Delineation of the Project Areas (from Herczeg and Love 2007) 


The Coonamble Embayment is thought to be an isolated part of the GAB, with discharge and 
recharge occurring within the embayment and little, if any, connection to the remainder of the 
GAB outside of New South Wales. There have been varying estimates of the water balance of the 
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Pilliga Sandstone aquifer system, with recharge rates and fluxes varying by nearly two orders of 
magnitude.  


Current recharge rates may be much less than in the past, and storage within the aquifer may be a 
legacy of higher recharge rates that were prevalent during much wetter periods many tens to 
hundreds of thousands of years ago. The only historical reference to quantifying palaeo-recharge 
was from Love et al. (2000), who suggested that recharge rates approximately 30,000 years ago 
along the western margin of South Australia were likely to be at least three times greater based 
on a decrease in chloride concentrations and depletion of the stable isotopes of the water 
molecule along groundwater flow paths.  


The large variation in rainfall in Australia in both time and space has resulted in groundwater 
recharge varying temporally and spatially. This variability is particularly pronounced in the semi-
arid and arid regions of the continent.  


I-4.2 Recharge Mechanisms 


This study indicated that the three dominant recharge mechanisms in the Coonamble Embayment 
are diffuse recharge, localised recharge, and mountain block recharge. The relative importance of 
the different recharge mechanisms will vary from place to place. There is potentially evidence to 
suggest that diffuse recharge is extremely small or non-existent under the current climate 
(Matthews 1997; Love et al. 2000), though this does not imply that diffuse recharge did not occur 
at higher rates in the past. The importance of ephemeral stream recharge on the basin scale 
depends upon the size of the landscape occupied by streams in comparison to the zones of diffuse 
recharge as well as the amount of diffuse recharge. Further discussion on mountain block 
recharge for the Coonamble Embayment was not included in Herczeg and Love (2007).  


I-4.3 Recharge Estimation Techniques 


The various methods to estimate recharge that are relevant to semi-arid and arid regions were 
described in this study. A summary of advantages and disadvantages of the different recharge 
estimation techniques was provided in the Herczeg and Love (2007) report and reproduced in 
Table I-4.1. 
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Table I-4.1 Summary of Different Techniques to Estimate Recharge (from Herczeg and Love 2007) 


Method Recharge Rate 
(mm/year) 


Spatial Scale 
(m2) 


Temporal Scale 
(years) Advantage Disadvantage 


General 


Background Information 
(hydrogeomorphic 
mapping) 


Can provide 
order of 
magnitude 
estimate of 
recharge 


Local to 
regional 


Generally 
provides process 
information 


A prerequisite for any recharge study. Develops 
conceptual model of recharge processes. 
Iterative approach should be used as more data 
is gathered throughout the recharge study to 
improve the conceptual model. 


None. 


Water Budget 
Order of 
magnitude at 
best 


Local to 
regional Generally yearly Useful as a check on other methods. 


Requires accurate estimates of 
precipitation, evaporation, 
transpiration, and runoff. 
Estimation of localised recharge 
from ephemeral creeks only. 


Geophysics and Remote 
Sensing Not applicable Local to 


regional 
At the time of 
measurement 


Non-invasive. Good spatial resolution. Provides 
data for scaling recharge.  


Generally requires expensive 
ground-truthing.  


Surface Water 


Channel Loss 5 to >50 Local to 
intermediate Daily Only application under ephemeral creeks and 


flood out zones. 


Requires daily estimates of 
evaporation, transpiration, and 
runoff. Expensive. 


Unsaturated Zone 


Darcy - Richards Law 20 to 400 Point <300 Does not accurately estimate low water fluxes. Expensive. Requires accurate 
estimates of hydraulic conductivity. 


Lysimeters 5 to >100 20 Length of test 2 
to 3 years 


Can provide accurate estimates of deep 
drainage. 


Expensive field instrumentation and 
monitoring. Difficult to represent 
natural conditions. 


Applied Tracers 10 to >1,000 100 Length of test <5 
years 


Very accurate estimates of recharge under 
ideal situations. 


Needs approval from 
environmental agencies. Requires 
high water fluxes.  


Chloride-mass-balance 0.01 to 200 Point 5 to 10,000 years Very accurate for low recharge rates. Has wide 
application in semi-arid and arid zones.  


Requires estimates of the total 
chloride flux under present and 
past climates. 


Event Markers 10 to 60 Point <50 years Potentially useful technique assuming high 
water fluxes under ephemeral creeks. 


Under low water fluxes, the bomb 
peak is still in the root zone. 
Requires sufficient water fluxes.  
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Method Recharge Rate 
(mm/year) 


Spatial Scale 
(m2) 


Temporal Scale 
(years) Advantage Disadvantage 


Radiotracer Decay 0.1 to 30 Point 500 to >100,000 
years 


Used in combination with chloride-mass-
balance to provide palaeo-recharge rates. 


Need to account for subsurface 
sources and sinks of tracers. 
Requires specialised interpretation.  


Unsaturated Modelling Infinite <100 All time scales Can constrain recharge provided reliable field 
data is available. 


Relies on reliable estimates of 
hydraulic conductivity. Order of 
magnitude at best.  


Saturated Zone 


Darcy’s Law Order of 
magnitude 


Local to 
regional Short None in arid zones dominated by palaeo-


recharge. 
Requires accurate estimates of 
hydraulic conductivity and gradient.  


Hydrographs 5 to 400 50 to 10,000 Length of record 


Useful technique if water table is shallow. May 
be useful under ephemeral streams. In certain 
situations, may detect change in land use or 
climate.  


Has limited application in GAB due 
to deep water tables that do not 
reflect seasonal recharge. 


Chloride-mass-balance 0.01 to 400 5 to 10,000 10 to >10,000 


Integrates preferred flow in unsaturated zone. 
Can provide sub-regional estimates of recharge. 
Very useful in arid zones as it can measure low 
water fluxes. 


Must ensure there are no additional 
sources or sinks of chloride other 
than atmosphere.  


Event Markers 20 to 1,000 5 to 10,000 <50 years Potentially useful technique assuming high 
water fluxes under ephemeral creeks. 


Requires accurate estimates of 
input functions. Requires expert 
interpretation in isotope hydrology. 


Accumulating Tracers Semi-qualitative 
only 5 to 10,000 1,000 to >10,000 


May provide estimates of residence time to 
back-calculate recharge. Improves conceptual 
understanding of system.  


Often requires sophisticated 
sampling methods. Data can be 
difficult to interpret. Requires 
expert interpretation in isotope 
hydrology.  


Radiotracer Decay 1 to 100 5 to 10,000 
14C: 500 to 25,000 
36Cl 50,000 to 
300,000 


Integrates recharge process. Very useful for low 
water fluxes. 


Need to account for subsurface 
sources and sinks of tracers. Data 
can be difficult to analyse. Requires 
expertise in dating methodologies. 


Groundwater Modelling Infinite (in 
theory) 


Local to 
regional All time scales 


Use should be restricted to constraining 
recharge rates with additional isotopic and 
chemical data. 


Relies on accurate estimates of 
hydraulic conductivity. Order of 
magnitude at best. 
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The most commonly used method to estimate diffuse recharge in arid and semi-arid regions is 
using chloride profiles in the unsaturated zone (i.e. chloride-mass-balance). This technique is most 
accurate when surface runoff is low and where estimates of long-term chloride deposition from 
atmospheric aerosols are available. Extreme care should be used when applying the chloride-
mass-balance method at large temporal scales, as precipitation and chloride deposition rates vary 
temporally and therefore the use of modern chloride deposition rates and chloride concentrations 
from the aquifer can lead to erroneous estimates of palaeo-recharge. 


Methods to estimate recharge from localised recharge rates rely on both unsaturated zone and 
saturated zone water balance and tracer methods; these recharge rates are typically one to two 
orders of magnitude greater than the diffuse recharge estimates. Water balance approaches have 
a wide range of uncertainty because they rely on accurate measurements of precipitation, 
evaporation, transpiration, and runoff to estimate recharge. Increasing the number of time steps 
to calculate daily water balances can reduce these errors; however, this approach is considered to 
be extremely limited in most applications in the GAB and the only potential use could be the 
estimation of localised recharge from ephemeral creeks.  


One of the most promising methodologies to estimate recharge are those that use environmental 
tracers, which can provide information on a wide range of spatial and temporal scales. It is 
strongly encouraged to use multiple environmental tracers for the assessment as some will 
provide better estimates on recharge rates and others will provide better information on recharge 
mechanisms.  


The water table fluctuation method using groundwater hydrographs is likely only to be useful in 
areas where the water table is shallow or potentially under zones of localised recharge. It is 
important to keep in mind though that groundwater levels may be increasing or decreasing due to 
factors unrelated to recharge, such as groundwater extraction. In areas where the water table is 
deep, groundwater hydrographs may be constant over time and will not show any seasonal 
variations required to estimate recharge.  


Recharge estimation techniques that rely on estimating hydraulic conductivity such as Darcy’s Law 
and unsaturated and saturated modelling will only provide an order of magnitude estimate of the 
recharge rate due to the large spatial variability in hydraulic conductivity. However, groundwater 
modelling that incorporates groundwater tracer data has the potential to constrain the recharge 
rate and should be attempted, if feasible. 


I-5 WATER SHARING PLAN FOR THE NSW GREAT ARTESIAN BASIN 
GROUNDWATER SOURCES 2008 [MOST RECENT VERSION: DEPARTMENT 
OF WATER AND ENERGY (DWE) 2014], BACKGROUND INFORMATION 
(DWE 2009A), AND GUIDE (DWE 2009B) 


These documents detail how groundwater from the New South Wales GAB is to be shared 
between the environment and water users as well as between different types of water users.  


The New South Wales GAB has been divided into five groundwater sources, for management 
purposes. Two of these (Southern and Eastern Recharge Groundwater Sources) are in the non-
artesian part of the basin. The remaining three (Surat, Warrego, and Central Groundwater 
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Sources) are in the artesian part of the basin, where water in bores can flow to surface under 
artesian pressures. The locations are shown in Figure I-5.1.  


 


Figure I-5.1 Locations of Groundwater Sources in New South Wales (from DWE 2009a) 


Groundwater recharge in New South Wales takes place primarily along the eastern fringe of the 
GAB where the sandstone aquifers are exposed at surface. Natural discharge from springs takes 
places in the Bogan River-Carinda and Yantabulla-Bourke-Weilmoringle areas in New South Wales, 
which are located to the west of the Southern and Eastern Recharge Groundwater Sources.  


Recharge of the GAB is derived from rainfall and steam flow entering sandstones in the recharge 
areas. The percentage of water entering these units is estimated to be less than 2% of rainfall 
because of the limited capacity of the intake beds to transmit water.  


The following summary is focused on the Southern and Eastern Recharge Groundwater Sources in 
New South Wales. According to DWE (2014), these groundwater sources include all water 
contained in all alluvial sediments and all rocks of Cretaceous, Jurassic, and Tertiary age within the 
boundaries shown in Figure I-5.1, with the exception of any alluvial sediments within the excluded 
alluvial areas (shown in Figure I-5.2) as well as waters to which the following applies: 


 Water Sharing Plan for the Lower Gwydir Groundwater Source 2003; 


 Water Sharing Plan for the Lower Macquarie Groundwater Sources 2003; 


 Water Sharing Plan for the Upper and Lower Namoi Groundwater Sources 2003;  
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 Water Sharing Plan for the Castlereagh below Binnaway Unregulated and Alluvial Water 
Sources 2011;  


 Water Sharing Plan for the Intersecting Streams Unregulated and Alluvial Water Sources 
2011; 


 Water Sharing Plan for the NSW Great Artesian Basin Shallow Groundwater Sources 2011;  


 Water Sharing Plan for the NSW Murray Darling Basin Fractured Rock Groundwater 
Sources 2011; and 


 Water Sharing Plan for the NSW Murray Darling Basin Porous Rock Groundwater Sources 
2011. 


It is important to note that the groundwater source areas shown in Figure I-5.2 have slightly 
changed since DWE (2014) was first issued in 2011 (refer to Figure 1.1 for the current boundaries). 


 


Figure I-5.2 Locations of Groundwater Sources in New South Wales including Excluded 
Alluvial Areas (from DWE 2014) 


The current basis for determining how water is to be shared in the Southern and Eastern Recharge 
Groundwater Sources is the long-term average annual net recharge, which is the difference 
between recharge and the throughflow water component required for the other groundwater 
sources. An average figure is used as the level of recharge to a groundwater source varies from 
year to year. The long-term average annual net recharge flux values are provided in Table I-5.1. 
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Table I-5.1 Long-term Average Annual Net Recharge Rates (from DWE 2009a, 2009b, 2014) 


Groundwater Source 
(New South Wales only) Estimation Method Long-term Average Annual Net Recharge 


(ML/year) 
Southern Recharge long-term average annual net recharge 42,400 
Eastern Recharge long-term average annual net recharge 19,000 


 
The Water Sharing Plan recognises the effect of climate variability on recharge in the groundwater 
sources by having provisions that manage: the sharing of water in these groundwater sources 
within the limits of water availability on a long-term basis; and water extraction to a volume that 
ensures both the protection of groundwater dependent ecosystems and water quality of these 
groundwater sources. 


I-6 SUSTAINABLE GROUNDWATER ALLOCATIONS IN THE INTAKE BEDS OF 
THE GREAT ARTESIAN BASIN IN NEW SOUTH WALES (HABERMEHL ET AL. 
2009) 


The study by Habermehl et al. (2009) presented a better understanding of recharge processes and 
recharge rates within the New South Wales intake beds, similar to the study conducted by Kellett 
et al. (2003) for the Queensland intake beds. The study included the following: drilling of 20 fully-
cored holes along a transect from Yetman, south of the Queensland border, to near Dubbo to 
provide representative coverage of hydrogeological conditions across the study area; sampling 
and analyses of cores from the unsaturated zone of some of these drill holes; installing eight 
monitoring bores and equipping each with a datalogger to continuously monitor water levels; 
collecting and analysing groundwater samples from the eight new monitoring bores and 17 
existing water bores for hydrochemistry and environmental isotopes; collecting rainfall samples 
on a monthly basis to analyse chloride levels; and assessing regional water levels. The results from 
the field and laboratory investigations were combined with existing information to distinguish 
between the different recharge processes that occur in the New South Wales intake beds and to 
estimate recharge rates.  


Some key findings of the study included: 


 Estimation of recharge for the intake beds based on the hydrograph responses in 
groundwater to rainfall was not possible due to a short data record (five months) and lack 
of significant rainfall events during this period. 


 The shape of some contours of the regional water table reflects streams crossing the 
intake beds. Leakage through the alluvium of streams could be a major contributor to 
recharge, which is supported by fresh groundwater with low chloride concentrations and 
total dissolved solids in water bores located near streams.  


 Based on the chloride profiles in the unsaturated zone of the eight new monitoring bores, 
recharge rates were estimated for both diffuse recharge and preferred pathway recharge. 
Recharge rates were also estimated at these bores using the saturated zone chloride-
mass-balance method, which represents all recharge mechanisms. The recharge rates 
estimated using the saturated zone chloride-mass-balance method are similar to the 
recharge rates estimates from unsaturated preferred pathway recharge and much larger 
than the unsaturated diffuse recharge estimates, supporting the assumption that 
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preferred pathway recharge is a more dominant recharge mechanism than diffuse 
recharge. Diffuse recharge in the unsaturated zone ranged from 0.1 mm/year to 
9.0 mm/year, preferred pathway recharge in the unsaturated zone ranged from 
1.5 mm/year to 41.3 mm/year, and combined recharge in the saturated zone ranged from 
0 mm/year to 10 mm/year.  


 Depletion of δ2H and δ18O in groundwater occurs with increased rainfall. According to the 
δ2H and δ18O data from the eight new monitoring bores, the intake beds did not 
experience very high intensity rains during the study. The study also determined that 
significant preferred pathway recharge probably only occurs after rainfall events of at least 
150 mm to 200 mm in a single continuous period of 30 days.  


 Palaeo-recharge trends of different recharge frequency in the past and changes to the 
climatic conditions as a result of different palaeo-climates over time could be determined 
from a combination of stable isotopes (δ2H, δ18O, and 13C), radioactive isotopes (14C and 
36Cl), and detailed groundwater chemistry results. Some of the stable isotope values from 
the intake beds of the GAB showed that recharged rainwater had been subjected to some 
degree of evaporation before recharge. While limited samples were analysed as part of 
this study, the results may indicate that the recharge processes showed the same degree 
of evaporative concentration for the past ~30,000 years and that the isotopic composition 
had been relatively constant over that period.  


Based on the results of this study, different recharge processes were distinguished that operate in 
the New South Wales part of the GAB intake beds. 


 Diffuse recharge generally occurs throughout most of the intake beds, but the rate of 
inflow is probably much lower than localised or preferred pathway recharge.  


 Preferred pathway flow requires full saturation of the regolith. This condition will only be 
satisfied part of the time as high intensity rainfall is required to provide sufficient water 
and saturation of the profile. Little is known about the characteristics of bedding planes, 
joints, fractures, zones or beds of different porosity and permeability, and tree roots 
within the Pilliga Sandstone in the intake beds.  


 Localised recharge rates could not be estimated, as more localised and detailed studies are 
required to properly assess. Prominent localised recharge zones are likely to include 
stretches of the Macintyre, Gwydir, Namoi, Castlereagh, Macquarie, and Bogan Rivers 
where they cross the exposed or subcropping Pilliga Sandstone aquifers. A number of 
smaller streams and creeks probably also contribute to localised recharge.  


Figure I-6.1 shows the recharge rate estimates derived by the saturated zone chloride-mass-
balance method in the Pilliga Sandstone outcrop areas. The recharge rates typically ranged from 
0 mm/year to 10 mm/year across the study area, with a maximum of 35+ mm/year in an area 
near the Warrumbungle Ranges. Figure I-6.2 combines the recharge rates estimated in this study 
with the recharge rates estimated for the intake beds in Queensland by Kellett et al. (2003) (also 
estimated using the saturated zone chloride-mass-balance method). The recharge rates estimated 
in the northern part of New South Wales and southern part of Queensland are comparable 
(approximately 9 mm/year to 10 mm/year).  
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Figure I-6.1 Recharge Estimates for the New South Wales Intake Beds (from Habermehl et al. 
2009) 
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Figure I-6.2 Recharge Estimates for the New South Wales and Queensland Intake Beds (from 
Habermehl et al. 2009) 


Airborne gamma-radiometrics and remote sensing data was also used as part of this study to 
enhance the delineation of the exposed recharge beds in New South Wales and investigate the 
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permeability of surface cover, resulting in an estimated area for the intake beds of 32,740 km2. 
Using this area and an average recharge rate of 9 mm/year, the recharge flux to the intake beds of 
the Pilliga Sandstone in New South Wales was estimated at 295 GL/year.  


Habermehl et al. (2009) concluded that it was difficult to define the range of recharge rates for 
the Pilliga Sandstone intake beds with the limited number of observation points and the time 
period and samples available as part of this study. They indicated it was even more difficult to 
determine the values of recharge rates and the differences between the different types of 
recharge, as well as recharge rate differences between the different regions, with such a limited 
number of observation points.  


I-7 INVESTIGATING THE IMPACT OF CLIMATE CHANGE ON GROUNDWATER 
RESOURCES (BARRON ET AL. 2010) 


The primary objective of the project by Barron et al. (2010) was to determine how temporal 
variability in rainfall and temperature due to climate change will impact groundwater recharge 
and groundwater resources across different aquifer types in different climate types across 
Australia. A lack of studies has been completed worldwide investigating the impact of climate 
change on groundwater resources. A common approach was to apply climate projections derived 
from climate models as an input to hydrological models, which in turn were used to define 
changes in water flux. However, the results did not adequately account for uncertainties inherent 
in using only a single global climate model, downscaling method, and hydrological model to make 
projections of groundwater resources under a future climate. As of 2010, there had not been a 
study of the influence of climate types upon recharge anywhere in the world.  


One aspect of the study was to analyse climate types and climate type transitions across Australia 
for the historical period beginning in 1930 to 2009 and under projected future climates for 2030 
and 2050. According to the “current” Australian baseline Köppen-Geiger climate type map from 
1979 to 2009, the New South Wales intake beds are predominantly located in a temperate 
without dry season hot climate (Cfa climate type). Looking at historical climate maps, this area has 
remained the same climate type since at least 1939. Projected climate types were produced for 
low, medium, and high global warming projections in 2030 and 2050; there did not appear to be a 
change in climate type for either 2030 or 2050. 


Another aspect of the study was to investigate diffuse groundwater recharge within different 
climate types. The Cfa climate type that the intake beds in New South Wales are a part of have 
rainfall year round, with winter-dominated rainfall prevalent further south and summer-
dominated rainfall prevalent further north. For the entire study, it was determined that: 


 Annual rainfall is a major factor influencing recharge; however, for the majority of the 
considered climate types, the total annual rainfall had a weaker correlation with recharge 
than the rainfall parameters reflecting rainfall intensity.  


 Annual recharge is more sensitive to daily rainfall intensity in regions with winter-
dominated rainfall, where it is also less sensitive to absolute changes in annual rainfall. 


 In regions with winter-dominated rainfall, annual recharge under the same annual rainfall, 
soils, and vegetation conditions is less than in regions with summer-dominated rainfall. 
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This was attributed to the differences in rainfall patterns associated with monsoons or 
cyclones with predominantly heavy rains in the north and frontal weather systems with 
prolonged periods of light daily rainfall in the south.  


 The relative importance of climate parameters other than rainfall is highest in the tropical 
climate type in northern Australia. Climate parameters have lowest relative importance in 
the arid climate type (with cold winters) and the temperate climate type.  


The results highlight the importance of projecting rainfall intensity under future climate scenarios, 
particular in the southern region of the country.  


The final aspect of the project was to consider a single global warming scenario and estimate 
recharge for 2050 using future climate derived from five global climate models, three downscaling 
methods, and four hydrological models at three field sites. The sites were located in Wanneroo 
(Western Australia), Moorook (South Australia), and Livingstone Creek (New South Wales). None 
of the sites are located in the GAB. There were considerable differences in the change in recharge 
projected by the different combinations of global climate models, downscaling method, and 
hydrological model at each site; therefore, trends in recharge were not provided. The range in 
projections across the sites highlights the uncertainty in making projections of recharge under a 
future climate, and indicates that the application of a single global climate model, downscaling 
method, and hydrological model could be inadequate for future groundwater resources 
projection.  


I-8 MODELLING OF CLIMATE AND GROUNDWATER DEVELOPMENT (WELSH 
ET AL. 2012) 


The purpose of the groundwater modelling completed as part of this assessment was to estimate 
the impact of climate and groundwater development on long-term groundwater levels in 2070 in 
the GAB. The modelling considered different scenarios of climate and groundwater development: 


 Scenario A - historical climate and current development 


 Scenario C - future climate and current development 


 Scenario D - future climate and future development 


The future climate scenarios included a change of rainfall and evaporation (wet extreme, median, 
and dry extreme), which produced different groundwater recharge rates occurring at the intake 
beds from 2010 to 2070. These future climate scenarios included existing groundwater recharge 
rates spanning between 66% lower under the dry extreme climate and 83% higher under the wet 
extreme climate. For the future development scenario, rates of groundwater extraction were 
increased.  


Three different groundwater models were used in this assessment; however, only one is relevant 
to New South Wales (GABtran model). The GABtran model is a large-scale, transient groundwater 
model that simulates groundwater levels in the Cadna-owie - Hooray and equivalents aquifer as a 
single layer spanning the GAB. It covers most of the GAB, except the northern Cape York 
Peninsula. Modelled recharge rates varied across the model from 0 mm/year to 33 mm/year, 
averaging 2.4 mm/year. The highest rate of recharge (about 7% of rainfall) occurred where the 
intake beds are at their maximum elevation on the Great Dividing Range. 
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Focusing on New South Wales, under the wet scenarios, recharge increases in most areas. Under 
the median scenarios, recharge either increases in all areas (based on current development) or 
decreases in the north and south and increases elsewhere (based on future development). Under 
the dry scenarios, recharge decreases in most areas. The basin-margin areas (i.e. intake beds) are 
most sensitive to changes in groundwater recharge as they have a lower capacity to transmit 
water downgradient. 


I-9 REGIONAL WATERTABLE (KELLETT ET AL. 2012) IN: 
HYDROSTRATIGRAPHY, HYDROGEOLOGY AND SYSTEM 
CHARACTERISATION OF THE GREAT ARTESIAN BASIN (RANSLEY AND 
SMERDON 2012) 


Kellett et al. (2012) were of the opinion that the recharge flux estimate for the intake beds of the 
Pilliga Sandstone in the Coonamble Embayment of New South Wales (295,000 ML/year; from 
Habermehl et al. 2009) was too high in comparison to the Queensland intake beds1. They 
therefore used the Habermehl et al. (2009) values for chloride in groundwater and the latest 
chloride concentration values in rainfall from collector gauges, and re-assessed the extent of the 
Pilliga Sandstone intake beds as part of water table mapping. The amended calculation was 
84,000 ML/year for the recharge flux in the Pilliga Sandstone intake beds. The reduction in 
estimation of recharge flux is a consequence of the amended area of outcrop of the Pilliga 
Sandstone of 9,300 km2 compared to the Habermehl et al. (2009) estimate of 32,740 km2. The 
reduced area of outcrop was derived after removal of the following: all areas mapped as basalt, 
basement inliers, Warrumbungle dolerites, Garrawilla Volcanics, and intake beds west of 
Narromine. This new recharge flux estimate is more compatible with the Queensland data 
(Section I-3.5).  


I-10 REGIONAL HYDRODYNAMICS (SMERDON ET AL. 2012A) IN: 
HYDROSTRATIGRAPHY, HYDROGEOLOGY AND SYSTEM 
CHARACTERISATION OF THE GREAT ARTESIAN BASIN (RANSLEY AND 
SMERDON 2012) 


The saturated zone chloride-mass-balance method was used in this study to estimate recharge 
across the intake beds for the Surat Basin in both New South Wales and Queensland. Chloride 
concentrations in rainfall were obtained from a map of chloride deposition for Australia 
constructed (Leaney et al. 2011) and chloride concentrations in groundwater were obtained from 
the recharge studies by Kellett et al. (2003) and Habermehl et al. (2009).  


Figure I-10.1 shows the estimated recharge rates for both the Cadna-owie - Hooray and 
equivalents aquifer group (which includes the Pilliga Sandstone) and the Hutton aquifer. Across 
most of the intake beds, recharge is estimated to be less than 5 mm/year. Focusing on New South 
Wales, higher rates of recharge in the area of the Warrumbungle Ranges are evident (up to 


 
1 Kellett et al. (2012) referred to total recharge fluxes in the Queensland portion of the Surat Basin of 73,150 ML/year 
for the Hooray Sandstone and equivalents and 80,330 ML/year for the Hutton Sandstone. They indicated that these 
values were from Kellett et al. (2003); however, these differ from what was presented in the Kellett et al. (2003) 
report (264,590 ML/year for the Hooray Sandstone and equivalents and 115,860 ML/year for the Hutton Sandstone). 
The reasons for the discrepancy were not provided. 
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45 mm/year) and may be the result of higher rainfall in this elevated area. High recharge rates 
near Moree and Warialda (up to approximately 25 mm/year to 30 mm/year) could be a response 
to the shift from native to summer crops and irrigated crops in this area, as well as incised creeks 
and rivers and infiltration into the Pilliga Sandstone of groundwater out of the overlying, jointed 
basalts or sandy alluvial terraces. The recharge rates in the area of the New South Wales - 
Queensland border show a seamless continuation of the recharge estimates for the New South 
Wales and Queensland portions of the recharge areas.  
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Figure I-10.1 Groundwater Recharge Rates for the Cadna-owie - Hooray and Equivalents 
Aquifer Group and the Hutton Aquifer (from Smerdon et al. 2012a) 


For the GAB, like many other semi-arid to arid zone aquifers around the world, the current rate of 
recharge is significantly less than discharge. Table I-10.1 summarises the recharge estimates for 
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the Surat Basin using various methods. There is a degree of uncertainty for these estimates, which 
can lead to a range of values that have either been determined from a single method (having a 
range of uncertainty) or from using the findings from different studies. The values presented are 
representative of modern-day values and do not reflect temporal variations in recharge. The 
chloride-mass-balance recharge estimate is based on relatively simple relationships and the 
extrapolation of point measurements to a broad spatial scale. This includes concentrations of 
chloride in precipitation and groundwater. Considering these uncertainties, the regional water 
budget components in Table I-10.1 should be considered indicative, rather than exact.  


Table I-10.1 Recharge Flux Estimates (from Smerdon et al. 2012a) 


Author Estimation 
Method 


Recharge Flux 
(ML/year) Comments 


Smerdon et 
al. (2012a) 


chloride-mass-
balance 157,000 Surat Basin (New South Wales and Queensland); 


Cadna-owie - Hooray and equivalents aquifer 
Welsh et al. 


(2012) 
assessment 
modelling 185,000 GABtran model (GAB except Cape York 


Peninsula) 


Ransley et al. 
(2012b) 


conceptual 
diagrams 


237,500 
(80,300: Hutton Sandstone 


in Queensland; 
73,200: Hooray equivalent 


in Queensland; 
84,000: Pilliga Sandstone in 


New South Wales)2 


Surat Basin (New South Wales and Queensland); 
Cadna-owie - Hooray and equivalents aquifer 


group and the Hutton aquifer 


 
Palaeo-recharge in the GAB was not assessed as part of this study; however, a brief summary of 
previous work was included. Several historical studies showed observed systematic variations in 
the chloride levels of the artesian groundwater in part of the eastern marginal and basinward 
areas that could reflect variations in the rate of recharge and infiltration of recycled salt 
throughout the late Quaternary. The age and residence times of the artesian groundwater and the 
groundwater movement rates and flow patterns in the GAB have been determined by 14C, 36Cl, 
and noble gases. Groundwater ages from the GAB determined from these are generally in good 
agreement with calculated hydraulic ages, suggesting that flow conditions of the artesian 
groundwater have remained largely unchanged during at least the past one million years.  


Recharge processes in the southern area of the intake beds in the GAB included the same degree 
of evaporative concentration for the past approximately 30,000 years (as indicated by the 
characteristic δ2H and δ18O proportions of groundwater relative to 14C activities) and isotopic 
composition has been relatively consistent over that period. This suggests that recharge rates 
have not changed significantly over time in the southern area of the intake beds (i.e. New South 
Wales). Groundwater in the central area of the intake beds in the GAB suggests that recharge 
conditions have become progressively more evaporated from about 10,000 years ago to present. 
The δ2H and δ18O proportions of groundwater in the northern area of the intake beds in the GAB 


 
2 Ransley et al. (2012b) referred to total recharge fluxes in the Queensland portion of the Surat Basin of 
73,200 ML/year for the Hooray Sandstone and equivalents and 80,300 ML/year for the Hutton Sandstone. These 
values are consistent with the values from Kellett et al. (2012). Kellett et al. (2012) indicated that these values were 
from Kellett et al. (2003); however, these differ from what was presented in the Kellett et al. (2003) report 
(264,590 ML/year for the Hooray Sandstone and equivalents and 115,860 ML/year for the Hutton Sandstone). The 
reasons for the discrepancy were not provided. 
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indicate that recharge conditions have involved about the same degree of evaporative 
concentration over the past 30,000 years, but the most modern groundwater tends to be the 
most depleted. This could indicate a change in rainfall patterns to a greater frequency of high 
intensity rainfall events (more than 200 mm per 30 days) commencing about 3,500 years ago.  


I-11 RECHARGE ESTIMATION IN THE SURAT BASIN (READING ET AL. 2014) 


This report is part of an ongoing multi-phase project with the Centre for Coal Seam Gas and the 
Centre for Water in the Minerals Industry. A review of current techniques used globally was 
conducted to determine which recharge estimation methods might be suitable for recharge 
estimation in the Queensland portion of the Surat Basin. Key findings were: multiple methods 
should ideally be applied because of the considerable uncertainty in any one approach; and it is 
important to keep in mind the assumptions and limitations of each method as individual 
approaches are tailored to a range of time and spatial scales. In addition, extensive field 
measurements are an essential part of developing models and achieving useful levels of reliability 
in recharge estimates.  


Recharge estimation methods historically applied in the Surat Basin include groundwater 
hydrograph analyses, groundwater (i.e. saturated zone) chloride-mass-balance, unsaturated zone 
chloride-mass-balance, and soil water balance modelling. These previous recharge estimates 
included a range of spatial scales but were typically limited to long-term averages with limited 
information about temporal variation. The soil water balance modelling method resulted in the 
greatest range of recharge estimates.  


In general, the most suitable approach to estimating groundwater recharge is to derive a 
conceptual model for recharge processes first, then determine groundwater recharge using one or 
more suitable methods (Scanlon et al. 2002). A suitable conceptual model may include aspects of 
location, timing, and likely unsaturated flow pathways. As part of the development of a 
conceptual model, available hydrological data including precipitation records, streamflow records, 
and groundwater level records should be evaluated (Scanlon et al. 2002). 


A summary of advantages and limitations of the recharge estimation methods is provided in Table 
I-11.1. 
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Table I-11.1 Recharge Estimation Methods (from Reading et al. 2014) 


Method Description Parameters Required Main Advantages Main Limitations 


Groundwater 
hydrograph analysis 
(water table 
fluctuation method) 


Groundwater levels, specific yield, 
rainfall, and groundwater pumping. 


Can make use of available groundwater level 
data. 
Additional monitoring is cheap. 
Recharge estimation at the water table. 


Requires knowledge of specific yield and good water 
level records. 
Works at small scales but is difficult to extend to larger 
areas without extensive monitoring systems. 
Restricted by assumptions regarding other influences on 
groundwater levels. 


Discharge-storage 
relationships Streamflow time-series. 


Can make use of available streamflow data. 
Provides a “lower-bound” recharge estimate/ 
estimates “net recharge”. 


Assumes baseflow volumes equal recharge volumes.  
Limited to water sheds where lateral fluxes, pumping, 
leakage, and water storage changes are minimal. 


Lysimetry 


Deep drainage is directly measured 
but data on rainfall, irrigation, and 
soil hydraulic properties may be 
useful in interpreting results. 


Can provide accurate data on deep drainage 
and crop water use. 


Expensive to construct and not transportable.  
Only provide point estimates of deep drainage. 
Soil hydraulic properties will be disturbed during 
installation of lysimeters. 


Unsaturated zone 
moisture 
measurements 


Soil moisture content and soil 
hydraulic properties. 


Relatively simple measurement techniques can 
be used (unless deep profiles are monitored). 


Requires data on both water content and water 
pressure. 
Only provides point estimates of deep drainage (unless 
monitoring extends to the water table in which case, 
provides point estimates of recharge). 


Unsaturated zone 
process models 


Rainfall, irrigation, runoff, climate 
variables for estimating evaporation 
(ideally also soil moisture and 
pressure). 
For simple models, soil “bucket” 
parameters need to be calibrated or 
estimated using regionalisation.  
For Richards’ equation models, 
hydraulic properties need to be 
calibrated and estimated using 
regionalisation or laboratory or in-
situ experiments. 


Can be applied regionally when simple (bucket-
type) models are used.  
Where more complex (e.g. Richards’ equation) 
models are used, the modelling may be too 
computationally demanding to use regionally 
but can be used for local recharge and to 
improve understanding of recharge processes. 
Can provide high resolution recharge estimates.  


Requires knowledge of other components of water 
balance, which may have high uncertainty. 
Limited by how well the chosen model represents the 
physical system. 
Model parameter uncertainty can be high. 
Typically used to provide estimates of deep drainage (but 
can be used to provide estimates of groundwater 
recharge if the entire unsaturated zone is simulated). 


Water balance 
calculation using 
remotely sensed data 


Remote sensing data can be used to 
estimate precipitation, near-surface 
soil moisture, evapotranspiration, 


Reasonable spatial and temporal resolution, 
and near-global coverage. 


Unknown uncertainty in conversion of raw remote 
sensing signals to hydrological data. 
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Method Description Parameters Required Main Advantages Main Limitations 
land cover, and, in some cases, large 
river flows and groundwater levels. 
Independent estimates of surface 
flow are usually needed. 


Generally does not account for deep unsaturated zone 
changes in storage.  


Groundwater 
modelling - 
calibration of 
recharge 


Geological model, aquifer and 
aquitard hydraulic properties, 
groundwater levels, groundwater 
pumping, etc. 


Can make use of existing groundwater models. Recharge is controlled by hydraulic properties and 
boundary conditions (therefore non-unique). 


Darcy’s Law (i.e. 
relating the 
groundwater flow 
rate through a cross-
sectional area of the 
aquifer to the surface 
area that contributes 
to recharge) 


Hydraulic conductivity, hydraulic 
gradient, and surface area for 
geological formations of interest. 


Potential to integrate over large spatial scales. 


This method suffers significantly from reliable estimates 
of hydraulic conductivity. 
Considering the natural variation in hydraulic 
conductivity and the difference in scaling up regional 
values of hydraulic conductivity, the method at best 
would provide order of magnitude estimates of recharge. 


Groundwater 
chloride-mass-
balance 


Chloride concentrations in 
groundwater and rainfall. 


Can make use of readily available data 
(therefore there is potential for regional 
recharge estimation using this method). 


Based on long-term average precipitation and chloride 
concentrations in rainfall and groundwater or soil water. 
Assumes steady-state conditions (provides long-term 
estimates of recharge). 


Groundwater age 
dating 


Tracer concentrations in 
groundwater.  


Not a direct measure of flux (bounding fluxes must be 
determined indirectly). 
Assumptions related to groundwater flow paths and 
solute sources/ sinks. 


Unsaturated zone 
solute tracers 


Solutes in rainfall, solutes in 
unsaturated zone. 


Relatively cheap (therefore it is possible to 
make multiple measurements at multiple 
locations). 


Only provide point estimates of deep drainage.  
Piston flow reduces the value of this method. 


Water balance 
measurements 


As many components of the water 
balance are measured as possible 
(e.g. rainfall, potential evaporation, 
soil moisture, groundwater levels, 
surface water levels, plant/ tree 
water uptake, etc.) 


Reduced reliance on models and indirect 
measurements. 


The recharge rates are site-specific (i.e. controlled by the 
physical properties of the site).  
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I-12 HYDROGEOLOGICAL CONCEPTUALISATION REPORT FOR THE SURAT 
CUMULATIVE MANAGEMENT AREA [OFFICE OF GROUNDWATER IMPACT 
ASSESSMENT (OGIA) 2016A] 


This report presents the current (as of 2016) hydrogeological understanding of the Surat, 
Clarence-Moreton, and Bowen Basins within the Surat Cumulative Management Area based on 
primary and secondary data interpretation. The Surat Cumulative Management Area covers the 
current and planned coal seam gas development in the Surat Basin and the southern Bowen 
Basin, and is limited in extent to Queensland only.  


Localised recharge areas and zones of preferred pathway flow were not available for this study as 
they had not been consistently mapped. Groundwater recharge was therefore estimated using 
the chloride-mass-balance approach.  


Recharge estimates were made based on three chloride concentration scenarios: 


 Method 1: Chloride in rainfall only. No adjustments were made to mean annual rainfall for 
potential runoff or chloride removal by crops and pasture.  


 Method 2: Removal of chloride from runoff losses. Based on local studies, potential runoff 
amounts of 0%, 5%, 10%, 15%, 20%, and 25% were subtracted from the mean annual 
rainfall of <500 mm, 500 mm to 550 mm, 550 mm to 600 mm, 600 mm to 650 mm, 
650 mm to 700 mm, and >700 mm, respectively.  


 Method 3: Removal of chloride from runoff losses and estimated removal of chloride via 
plant uptake and grazing. Up to 25% of chloride accession in the field could be removed 
from a combination of animals and plants.  


To interpolate chloride-mass-balance recharge estimates from borehole locations, the following 
process was used. The ratio of chloride-mass-balance recharge estimates to long-term average 
rainfall was calculated at each borehole location to provide estimated recharge rates. The 
recharge rate estimates were then grouped by stratigraphic unit and interpolated to produce 
spatial maps of estimated recharge using simple kriging with automatic calculation of nugget, 
partial sill, and variogram range. The average recharge rate in each stratigraphic unit was used for 
extrapolation beyond the influence of the variogram range. From the average recharge rate as 
estimated through the interpolation process, average recharge was subsequently calculated for 
the estimated outcrop area of each stratigraphic unit by multiplying by the Bureau of Meteorology 
long-term average rainfall map.  


The rate of recharge decreases from Method 1 to Method 2 to Method 3. For the regional model, 
Method 3 was preferred as it includes those factors that may be influencing the amounts of net 
rainfall and chloride accession. For this reason, only the results of Method 3 are provided in this 
literature review, with results summarised in Table I-12.1.  
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Table I-12.1 Interpolated Long-term Average Recharge Rates (Method 3) (from OGIA 2016a) 


Hydrostratigraphic Unit3 
Calculated Recharge Rate 


(mm/year) Calculated Recharge Flux 
(ML/year) 


Minimum  Average Maximum 
Condamine Alluvium - 4.0 - 21,876 


Other Alluvium 5.1 6.8 10.3 167,628 
Main Range Volcanics 7.5 8.7 12.2 56,033 


Upper Cretaceous formations 1.0 1.3 1.5 66,886 
Wallumbilla Formation 2.0 2.4 2.7 19,519 


Bungil Formation 1.1 1.3 1.5 8,552 
Mooga Sandstone 2.3 2.7 3.0 17,003 
Orallo Formation 3.7 4.3 4.7 22,038 


Gubberamunda Sandstone 3.9 4.6 5.0 14,382 
Westbourne Formation 1.8 2.1 2.2 5,619 


Springbok Sandstone 1.6 1.8 1.9 6,832 
Walloon Coal Measures 3.2 3.6 4.9 37,627 


Durabilla Formation 2.7 3.0 4.1 12,990 
Hutton Sandstone 4.2 4.8 7.0 58,423 


Evergreen Formation 6.2 7.3 10.5 85,313 
Precipice Sandstone 18.0 20.8 26.5 53,871 


Moolayember Formation 2.2 2.5 3.0 18,974 
Clematis Sandstone 24.4 26.9 32.3 131,339 


Rewan Group 1.0 1.2 1.3 13,575 
Bandanna Formation 4.5 5.0 5.8 14,159 


Pre-Bandanna aged units 6.0 6.8 8.6 97,976 
 
The results suggest that the majority of recharge to GAB aquifers in the Surat Cumulative 
Management Area is within the outcrop areas of the Clematis, Precipice, Hutton, Gubberamunda, 
and Mooga sandstone aquifers and the Evergreen Formation (i.e. the intake beds in Queensland). 
The total recharge flux for these intake beds is approximately 358,331 ML/year, which is 
equivalent to 8.9 mm/year of net recharge rate. 


This recharge flux is a similar order of magnitude than previously estimated by Kellett et al. (2003) 
(380,450 ML/year for a substantially larger area). OGIA (2016a) makes several observations in this 
regard: 


 The lower chloride-mass-balance recharge rates in Kellett et al. (2003) may be due to 
lower concentrations of chloride in rainfall (measured from only two stations within the 
Surat Cumulative Management Area), lower rainfall (measured over three years from only 
two stations in the Surat Cumulative Management Area), and/or higher concentrations of 
chloride in groundwater for the selected bores (618 bores total). In comparison, OGIA was 
able to source additional rainfall station data (>10 locations) to generate chloride in rainfall 
for all bore locations, long-term mean rainfall for all bore locations, and chloride 
concentrations in groundwater from more than 13,000 bores.  


 
3 The Pilliga Sandstone in New South Wales is equivalent to the Bungil Formation, Mooga Sandstone, and 
Gubberamunda Sandstone. 
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 Very low chloride concentrations in groundwater in the Clematis Sandstone and Precipice 
Sandstone, averaging from 35 mg/L to 60 mg/L have resulted in higher rates of diffuse 
recharge (averaging up to 27 mm/year) in the outcrop areas. 


 Average annual recharge to the Main Range Volcanics is likely higher than 8.7 mm/year. 
Lower diffuse recharge rates may be attributed to limitations from using the chloride-
mass-balance method in hard rock and/or fracture-dominated systems, where lower 
chloride concentrations may be indicative of relatively rapid recharge via fractures, rather 
than low recharge rates. 


I-13 GROUNDWATER MODELLING REPORT FOR THE SURAT CUMULATIVE 
MANAGEMENT AREA (OGIA 2016B) 


This report is a detailed summary of the groundwater flow model for the Surat Cumulative 
Management Area in Queensland, prepared in support of the 2016 Underground Water Impact 
Report (OGIA 2016c). The work is based on the conceptualisation discussed in OGIA (2016a).  


The average calculated recharge rates from OGIA (2016a) were used as the pre-calibration 
estimates of recharge. Recharge shows spatial variation over the area of each outcropping unit 
because of variation in long-term average rainfall over each such outcrop zone. However, the so 
called “leaching fractions” (i.e. the ratio of recharge to rainfall) is constant over each zone. To 
support adjustment of recharge during the model calibration process, a spatially invariant 
multiplier was applied to recharge over each outcrop zone.  


Recharge was generally reduced during the calibration process in most modelled stratigraphic 
units, with the total average recharge rate decreasing from 4.5 mm/year to 2.5 mm/year. The 
calibrated values remained generally consistent with previous estimates made by Kellett et al. 
(2003) and others. Consistent with current conceptual models of the Surat Cumulative 
Management Area, the model calibrated rates are also generally higher for the main aquifers in 
the system than for the major aquitards. The calibrated rate for the Clematis Sandstone is 
considered to be anomalously high.  


The calibrated results are summarised in Table I-13.1. It should be noted that the calibrated 
recharge values are rates which are applied at the modelled ground surface. In most stratigraphic 
units, most applied recharge is subsequently rejected via modelled “drains” located at the ground 
surface. Modelled net recharge is therefore negligible in many cases.  


The total estimated recharge flux in the GAB intake beds (Clematis, Precipice, Hutton, 
Gubberamunda, and Mooga sandstone aquifers and the Evergreen Formation) from the calibrated 
model is approximately 172,263 ML/day, which is equivalent to 4.3 mm/year of net recharge rate. 
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Table I-13.1 Calibrated Recharge Rates (from OGIA 2016b) 


Hydrostratigraphic Unit4 Model 
Layer(s) 


Recharge 
Multiplier 


Calibrated Average Recharge 
(ML/year) (mm/year) 


Condamine Alluvium 1 1.10 21,682 3.7 
Other Alluvium 1 0.45 72,011 3.0 


Main Range Volcanics 1 2.30 128,876 20.0 
Other Basalt 1 1.11 8,412 9.9 


Upper Cretaceous/ Cenozoic Sediments 2 0.20 13,458 0.3 
Wallumbilla Formation 3 0.77 15,028 1.8 


Bungil Formation 4 1.60 13,662 2.0 
Mooga Sandstone 5 0.32 5,429 0.9 
Orallo Formation 6 0.25 5,584 1.1 


Gubberamunda Sandstone 7 0.43 6,162 2.0 
Westbourne Formation 8 0.31 1,755 0.6 


Springbok Sandstone 9 - 10 0.36 2,489 0.7 
Walloon Coal Measures 11 - 16 0.58 21,832 2.1 


Durabilla Formation 17 0.68 8,825 2.1 
Hutton Sandstone 18 - 19 0.77 44,709 3.7 


Evergreen Formation 20 0.24 20,215 1.8 
Precipice Sandstone 21 0.12 6,206 2.4 


Moolayember Formation 22 0.95 18,111 2.4 
Clematis Sandstone 23 0.68 89,542 18.4 


Rewan Group 24 0.10 1,357 0.1 
Bandanna Formation 25 - 27 0.10 1,408 0.5 


Undifferentiated Upper Bowen Basin 28 - - - 
Cattle Creek 29 - 31 - - - 


Undifferentiated Lower Bowen Basin Strata 32 0.10 9,810 0.7 


I-14 HYDROGEOLOGICAL ASSESSMENT OF THE GREAT ARTESIAN BASIN - 
CHARACTERISATION OF AQUIFER GROUPS SURAT BASIN (KCB 2016) 


A brief summary of previous recharge rate estimates was provided in this report, values of which 
have been provided in previous sections of this literature review. From these values, KCB (2016) 
determined that recharge flux for the Queensland portion of the Cadna-owie - Hooray and 
equivalents aquifer group and the Hutton aquifer was approximately 230,000 ML/year to 
250,000 ML/year based on the proportional footprint of the intake beds. 


I-15 ESTIMATING GROUNDWATER RECHARGE AND ITS ASSOCIATED 
UNCERTAINTY: USE OF REGRESSION KRIGING AND THE CHLORIDE MASS 
BALANCE METHOD (CROSBIE ET AL. 2018) 


This study focused on the coal-bearing basins of eastern New South Wales, comprised of the 
Permian Gloucester, Sydney, and Gunnedah Basins and part of the Jurassic Surat Basin that 
overlies the Gunnedah and Sydney Basins. The chloride-mass-balance method of estimating 
groundwater recharge is generally applied at a point scale, but water resources management 


 
4 The Pilliga Sandstone in New South Wales is equivalent to the Bungil Formation, Mooga Sandstone, and 
Gubberamunda Sandstone. 
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usually requires information at a regional scale. To estimate groundwater recharge regionally, 
previously used upscaling methods have ranged from simple averaging to empirical relationships 
and geostatistical interpolation. This study combined the “best” components of these methods by 
using regression kriging. In areas that contained sparse data, the recharge was upscaled using 
global regression equations with gridded rainfall and surface geology as covariates. In areas that 
contained dense data, the kriging of the regression equation residuals ensured that the upscaled 
recharge estimates respect the point estimates of recharge. It was determined that this method 
provides robust estimates of recharge and its associated uncertainty, and was therefore 
applicable to any regional study with variable density input data. 


For the Jurassic units in the Surat Basin, which is predominantly Pilliga Sandstone, recharge rates 
were estimated for three study areas (previously defined regions primarily based on surface water 
catchments): Gwydir, Namoi, and Central West. The recharge rates are provided in Table I-15.1 
and the areas are shown in Figure I-15.1. Recharge rates were highest towards the north and 
ranged from 4.7 mm/year to 10.4 mm/year. These rates compare well with previous more 
detailed site-specific studies.  


Table I-15.1  Recharge Estimates (from Crosbie et al. 2018) 


Area 
Recharge Rate (mm/year) 


5th Percentile Median 95th Percentile 
Gwydir 6 7.8 10.4 
Namoi 6.4 7.8 10.2 


Central West 4.7 5.8 7.5 
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Figure I-15.1 Location of Gwydir (GWY), Namoi (NAM), and Central West (CNW) Study Areas 
(from Crosbie et al. 2018) 


I-16 RECHARGE ESTIMATION IN THE SURAT BASIN (WEST ET AL. 2018) 


This document presents work associated with an ongoing multi-phase project with the Centre for 
Coal Seam Gas and the Centre for Water in the Minerals Industry scheduled to be completed in 
2020. The study comprised fieldwork undertaken over a 3-year period at three locations in the 
Surat Basin in Queensland. Only one of the locations (Kathleen Field) has direct relevance for New 
South Wales. The study at this location evaluated conditions for the Gubberamunda Sandstone in 
Queensland, which is an equivalent aquifer to the Pilliga Sandstone in New South Wales  
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I-16.1 Kathleen Field Study 


The objective of the Kathleen Field study was to further understand the role of creek-bed 
recharge through Gubberamunda Sandstone outcrops, in particular recharge rates and principal 
controls affecting the recharge rates and time variability.  


The surface geology in the Kathleen Field comprises, from youngest to oldest: Mooga Sandstone 
(aquifer), Orallo Formation (leaky aquitard or discontinuous aquifer), Gubberamunda Sandstone 
(aquifer), and Westbourne Formation (aquitard). Although the monitoring design targeted the 
Gubberamunda Sandstone, the monitored sites upstream and downstream of the creek on the 
property were actually within outcrops of the Orallo Formation and Westbourne Formation.  


The conceptualisation of the Orallo Formation outcrop suggested variably connected-
disconnected, losing conditions between the surface water and the Orallo Formation with 
continually downwards drainage. However, the rising groundwater level in the Orallo Formation 
suggests the surface water-groundwater system may enter a ‘transition’ period as the 
groundwater level rises, potentially resulting in a connected, variably losing/ gaining system over 
longer time-scales. Creek bed recharge increases during the development of flow events. Storage 
of water in the alluvium sustains drainage beyond the end of periodic surface flow events. The 
recharge associated with major flow events is observed in the surrounding aquifer levels over a 
period of months, typical of focused recharge signals in a medium-permeability formation. This is 
considered typical of permeable rock with alluvium creek beds recharging to shallow groundwater 
levels. The conceptualisation of the Orallo Formation is likely applicable to the Gubberamunda 
Sandstone.  


This contrasts somewhat with the conceptualisation of the lower permeability Westbourne 
Formation outcrop, where water level variations show no evidence of connection between the 
Westbourne Formation groundwater and the stream bed, despite the water level in the 
Westbourne Formation being only a few metres below the stream bed. This does not mean that 
localised recharge is not occurring, rather it means that pulses of recharge from the stream bed 
become less distinct as they travel through the unsaturated zone, leading to a small but constant 
rate of recharge to the Westbourne Formation.  


The limited coverage of the monitoring network did not permit outcrop-scale recharge rates to be 
estimated.  


I-16.2 Regional Recharge 


This study also included a discussion on the chloride-mass-balance method for recharge 
estimation and consequences to using this method to predict recharge across the Surat Basin. A 
case study conducted on the Main Range Volcanics (located in Queensland) indicated at least 500 
chloride in groundwater samples are required to achieve a convergence to within 1 mm/year for 
modelled average recharge rates in the outcrop areas, though the rates may still be sensitive to 
chloride in rainfall concentrations. The study concluded with the recommendation that the 
chloride-mass-balance method should be combined with other estimation methods, including 
those based on chemical tracers and those based on water balance modelling, to gain more 
confidence in recharge inputs to regional groundwater models. 
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I-17 UNDERGROUND WATER IMPACT REPORT FOR THE SURAT CUMULATIVE 
MANAGEMENT AREA - CONSULTATION DRAFT (OGIA 2019) 


Preliminary results from part of the ongoing multi-phase project with the Centre for Coal Seam 
Gas and the Centre for Water in the Minerals Industry (of which one of the phases was discussed 
in Section I-16) concluded that the chloride-mass-balance method used by OGIA in previous 
studies is an appropriate method for estimating mean recharge to the outcrop areas of the 
Springbok Sandstone, Walloon Coal Measures, and Hutton Sandstone. The method provides 
estimates of recharge at the surface in most cases; however, numerical modelling work suggests 
that most surficial recharge discharges locally to streams and rivers and less than 10% of this 
recharge reaches the deeper confined aquifers. Recent work completed by CSIRO (Suckow et al. 
2016) using geochemical methods reached a similar conclusion suggesting that actual recharge to 
the deeper confined parts of the Hutton Sandstone in the north of the Surat Basin is 
approximately 3% of the chloride-mass-balance recharge calculated in the outcrop area.  


Revised chloride-mass-balance calculations undertaken for the 2019 Underground Water Impact 
Report (consultation draft) suggest total recharge flux of around 300,000 ML/year, which is 
equivalent to 9 mm/year on average. This is marginally higher than what was previously measured 
in 2016. This estimate was applied in OGIA’s groundwater flow model prior to calibration, which 
suggested that as much as 95% of this recharge is rejected locally through streams, creeks, and 
tree evaporation and only around 14,000 ML/year makes its way to the deeper formations as net 
recharge. 
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New South Wales 


Water Sharing Plan for the NSW Great Artesian Basin 
Groundwater Sources 2020 


under the 


Water Management Act 2000 


I, Melinda Pavey, the Minister for Water, Property and Housing do, by this Order, in 
pursuance of section 50 of the Water Management Act 2000, make the following 
Minister’s plan, being the Water Sharing Plan for the NSW Great Artesian Basin 
Groundwater Sources 2020. 


Dated this  day of  2020. 


Minister for Water, Property and Housing 


Explanatory note 


This Plan replaces the Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 
2008. 


This Order is made under section 50 of the Water Management Act 2000. The concurrence of the 
Minister for Energy and Environment was obtained prior to the making of this Plan. 


29th June


MELINDA PAVEY, MP
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Water Sharing Plan for the NSW Great Artesian Basin 
Groundwater Sources 2020 
Notes. 


1 In accordance with section 48 of the Water Management Act 2000, the Minister is to take all 
reasonable steps to give effect to the provisions of this Plan when exercising functions under the Act. 


2 In accordance with section 49 of the Water Management Act 2000, public authorities must also have 
regard to the provisions of this Plan to the extent they apply to the public authority. 


3 The Minister may amend this Plan at any time under section 45 of the Water Management Act 2000, 
including if satisfied it is in the public interest to do so, or in such circumstances, in relation to such 
matters and to such extent as Part 12 provides. 


Part 1 Introduction 


1 Name of Plan 


This Plan is the Water Sharing Plan for the NSW Great Artesian Basin Groundwater 


Sources 2020 (this Plan). 


2 Nature and status of Plan 


(1) This Plan is made under section 50 of the Water Management Act 2000 (the Act).


(2) This Plan is a plan for water sharing and generally deals with the matters set out in


sections 20 and 21 of the Act, as well as other sections of the Act.


Note. Where a provision of this Plan is made for the purposes of another section of the Act, the section 
is referred to in the notes to this Plan. 


3 Commencement 


This Plan commences on 1 July 2020. 


Notes. 


1 This Plan replaces the Water Sharing Plan for the NSW Great Artesian Basin 
Groundwater Sources 2008. 


2 In accordance with section 43 of the Act, this Plan will have effect for 10 years from 1 
July 2020. In accordance with section 43A of the Act, the Minister may extend this Plan 
for a further period of 10 years after it is due to expire. 


4 Application of Plan 


(1) This Plan applies to the following water sources known as the NSW Great Artesian


Basin Groundwater Sources within the Border Rivers Water Management Area,


Gwydir Water Management Area, Namoi Water Management Area, Central West


Water Management Area and Western Water Management Area (the groundwater


sources):


(a) the Central Groundwater Source,
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(b) the Eastern Recharge Groundwater Source,


(c) the Southern Recharge Groundwater Source,


(d) the Surat Groundwater Source,


(e) the Warrego Groundwater Source.


Note. The Border Rivers Water Management Area, Gwydir Water Management Area, Namoi 
Water Management Area, Central West Water Management Area and Western Water 
Management Area were constituted by Ministerial order made under section 11 of the Act and 
published in the NSW Government Gazette No 180 on 23 November 2001 at page 9389. 


(2) The boundaries of the groundwater sources are shown on the Plan Map


(WSP040_Version 2) Water Sharing Plan for the NSW Great Artesian Basin


Groundwater Sources 2020 (the Plan Map), held by the Department.


Notes.


1 The Plan Map shows the extent of the groundwater sources. The extent of the 
groundwater sources below the surface of the ground is described in subclauses (3) – 
(5). 


2 The Plan Map is part of this Plan and is available on the NSW legislation website. An 
overview of the Plan Map is shown in Appendix 1. 


(3) Subject to subclause (5), the waters in the Southern Recharge Groundwater Source


and the Eastern Recharge Groundwater Source comprise all water contained within:


(a) all rocks of Cretaceous, Jurassic and Cenozoic age, and


(b) all unconsolidated alluvial sediments below the surface of the ground


within the boundaries of the Southern Recharge Groundwater Source and the Eastern 


Recharge Groundwater Source shown on the Plan Map. 


Note. Unconsolidated alluvial sediments is defined in the Dictionary. 


(4) Subject to subclause (5), the waters in the Surat Groundwater Source, the Warrego


Groundwater Source and the Central Groundwater Source comprise all water


contained within all rocks of Cretaceous and Jurassic age at a depth of more than 60


metres below the ground level within boundaries of the Surat Groundwater Source,


the Warrego Groundwater Source and the Central Groundwater Source shown on the


Plan Map.


(5) The groundwater sources do not include any water contained in the following:


(a) the water sources to which the Water Sharing Plan for the Darling Alluvial


Groundwater Sources 2020 applies,
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(b) the water sources to which the Water Sharing Plan for the Gwydir Alluvial


Groundwater Sources 2020 applies,


(c) the water sources to which the Water Sharing Plan for the Macquarie-


Castlereagh Groundwater Sources 2020 applies,


(d) the water sources to which the Water Sharing Plan for the Namoi Alluvial


Groundwater Sources 2020 applies,


(e) the water sources to which the Water Sharing Plan for the NSW Border Rivers


Alluvial Groundwater Sources 2020 applies,


(f) the water sources to which the Water Sharing Plan for the NSW Great Artesian


Basin Shallow Groundwater Sources 2020 applies,


(g) the water sources to which the Water Sharing Plan for the NSW Murray


Darling Basin Fractured Rock Groundwater Sources 2020 applies,


(h) the water sources to which the Water Sharing Plan for the NSW Murray


Darling Basin Porous Rock Groundwater Sources 2020 applies.


(6) The high priority groundwater-dependent ecosystems for the purposes of this Plan are:


(a) shown on the High Priority Groundwater-Dependent Ecosystem Map


(GDE025_Version 1), Water Sharing Plan for the NSW Great Artesian Basin


Groundwater Sources 2020 (the High Priority Groundwater-Dependent


Ecosystem Map), held by the Department, or


(b) identified in Schedule 2.


Notes. 


1 Groundwater-dependent ecosystem is defined in the Dictionary. 


2 The High Priority Groundwater-Dependent Ecosystem Map is part of this Plan and is 
available on the NSW legislation website. An overview of the High Priority Groundwater-
Dependent Ecosystem Map is shown in Appendix 2. 


3 A map of the high priority groundwater-dependent ecosystems identified in Schedule 2 is 
shown in Appendix 3. 


5 Interpretation 


(1) Unless otherwise defined in this Plan, words and expressions that are defined in the


Act or in the regulations made under the Act have the same meaning in this Plan.


(2) Words and expressions that are defined in the Dictionary to this Plan have the


meaning set out in the Dictionary.
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(3) Unless otherwise specified in this Plan, a clause that applies to a category of access 


licence also applies to any subcategories of that category of access licence. 


(4) The Dictionary and Schedules to this Plan form part of this Plan. 


(5) The Plan Map and the High Priority Groundwater-Dependent Ecosystem Map form 


part of this Plan. 


(6) Notes in the text of this Plan do not form part of this Plan. 


(7) Appendices to this Plan do not form part of this Plan. 
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Part 2 Vision, objectives, strategies and performance indicators 


Notes. 


1 This Part is made in accordance with section 35 (1) of the Act. 


2 This Part describes broad objectives, which are the long-term outcomes of this Plan and are not 
directly measured but evaluated by considering the cumulative achievement of the associated targeted 
objectives. Targeted objectives described in this Part are specific outcomes that can be achieved by 
the strategies in this Plan and can be directly measured so that success or failure to achieve the 
objective can be quantified. 


6 Acknowledgement 


Respect is paid to the traditional owners of this country, who are acknowledged as the first 
natural resource managers within the Border Rivers Water Management Area, Gwydir Water 
Management Area, Namoi Water Management Area, Central West Water Management Area 
and Western Water Management Area. 


7 Vision statement 


The vision for this Plan is to provide for the following: 


(a) the protection of the condition of the groundwater sources and their dependent


ecosystems,


(b) the continuing productive extraction of groundwater for economic benefit,


(c) the social and cultural benefits to urban and rural communities that result from


groundwater extraction,


(d) the spiritual, social, customary and economic benefits of groundwater to


Aboriginal communities.


8 Environmental objectives 


(1) The broad environmental objective of this Plan is to protect the condition of the


groundwater sources and their groundwater-dependent ecosystems over the term of


this Plan.


(2) The targeted environmental objectives of this Plan are as follows:


(a) to protect the extent and condition of high priority groundwater-dependent


ecosystems,


(b) to contribute to the maintenance of salinity levels within water quality target


ranges that support high priority groundwater-dependent ecosystems,


(c) to contribute to the prevention of structural damage to an aquifer of the


groundwater sources resulting from groundwater extraction.


Note. Structural damage to an aquifer is defined in the Dictionary.
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(3) The strategies for reaching the targeted environmental objectives of this Plan are as 


follows: 


(a) reserve all water for the environment in excess of the limits to the availability of 


water, 


Note. Part 4 reserves all water remaining above the long-term average annual extraction 
limits for the environment. 


(b) manage extractions under access licences and basic landholder rights within the 


limits to the availability of water, 


Note. Part 6 manages extraction of groundwater within the long-term average annual 
extraction limits. 


(c) manage the construction and use of water supply works to minimise impacts on 


high priority groundwater-dependent ecosystems and groundwater quality, 


Note. Part 9 sets provisions that manage the location, construction and use of water 
supply works to prevent impacts on high priority groundwater-dependent ecosystems 
and from sources of contaminated water. 


(d) reduce the volume of water lost through inefficient infrastructure by phasing 


out the use of bore drains in the exercise of basic landholder rights. 


Note. This Plan includes provisions for the management of domestic and stock 
(conveyance) access licences which, when granted, are intended to be used in the 
management of inefficient water distribution systems. 


(4) The performance indicator used to measure the success of the strategies for reaching 


the broad environmental objective in subclause (1) is an evaluation of the extent to 


which the combined outcomes of the targeted objectives in subclause (2) have 


contributed to achieving the broad objective. 


(5) The performance indicators used to measure the success of the strategies for reaching 


the targeted environmental objectives in subclause (2) are the changes in trends in 


ecological condition during the term of this Plan as assessed using one or more of the 


following: 


(a) the extent and recorded condition of high priority groundwater-dependent 


ecosystems, 


(b) the recorded condition of target populations of high priority groundwater-


dependent native vegetation, 


(c) the recorded values of total dissolved solids, 


Notes.  


1 Total dissolved solids will be used as a measure of salinity levels. 


2 Total dissolved solids is defined in the Dictionary. 
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(d) the recorded values of groundwater levels and pressures, 


(e) the extent of bore drains in use. 


(6) In evaluating the effectiveness of the strategies in meeting the objectives in this 


clause, the following will be relevant: 


(a) the extent to which the strategies in subclause (3) and provisions in this Plan 


have been implemented and complied with, 


(b) the extent to which changes in the performance indicators can be attributed to 


the strategies in subclause (3) and provisions in this Plan, 


(c) the extent to which the strategies in subclause (3) support achievement of the 


environmental objectives, 


(d) the extent to which external influences on the groundwater sources and their 


dependent ecosystems have affected progress toward achieving the 


environmental objectives. 


Note. External influences may include long- and short-term climate trends, land use 
patterns and other factors. 


9 Economic objectives  


(1) The broad economic objective of this Plan is to provide access to groundwater to 


optimise economic benefits for groundwater-dependent businesses and local 


economies. 


(2) The targeted economic objectives of this Plan are as follows: 


(a) to provide groundwater trading opportunities for groundwater-dependent 


businesses, 


Note. Trading is a generic term referring to dealings under Division 4 of Part 2 of 
Chapter 3 of the Act. 


(b) to provide access to groundwater in the long term for groundwater-dependent 


businesses, 


(c) to contribute to the maintenance of groundwater salinity levels within ranges 


that maintain a beneficial use category that supports groundwater-dependent 


businesses. 


Note. Beneficial use category is defined in the Dictionary. 


(3) The strategies for reaching the targeted economic objectives of this Plan are as 


follows: 
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(a) provide a clear framework for sharing water among water users, 


Note. Part 6 provides certainty in how available water is determined and shared 
between individual access licence holders and different categories of access licences. 


(b) where possible and subject to assessment of local impacts, provide for 


flexibility of access to water and trade of water allocations and entitlements 


within the groundwater sources, 


Notes.  


1 The account management provisions in Part 8, including those relating to the 
amount of water that may be carried over from one water year to the next, and 
the volume of water that can be taken in any water year, provide flexibility for 
water users. 


2 The provisions in Part 10 permit a variety of dealings within environmental and 
resource constraints, including assignment of rights under access licences and 
assignment of water allocations between access licences. 


(c) manage extractions to specified limits over the long term, 


Note. Managing extractions to limits over the long term ensures the groundwater will be 
available for future beneficial economic uses. 


(d) manage the construction and use of water supply works to minimise impacts on 


groundwater pressures and groundwater quality. 


(4) The performance indicator used to measure the success of the strategies for reaching 


the broad economic objective in subclause (1) is an evaluation of the extent to which 


the combined outcomes of the targeted economic objectives in subclause (2) have 


contributed to achieving the broad objective. 


(5) The performance indicators used to measure the success of the strategies for reaching 


the targeted economic objectives in subclause (2) are the changes or trends in 


economic benefits during the term of this Plan as assessed using one or more of the 


following: 


(a) the economic benefits of water extraction and use, 


(b) the economic benefits of water trading as demonstrated by: 


(i) the annual number or volume of share components of access licences 


transferred or assigned, and 


(ii) the weighted average unit price of share components of access licences 


transferred or assigned, and 


Note. Weighted average unit price is defined in the Dictionary. 


(iii) the annual volume of water allocations assigned, and 
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(iv) the weighted average unit price of water allocations assigned,


(c) the recorded values of total dissolved solids,


(d) the recorded values of groundwater levels and pressures.


(6) In evaluating the effectiveness of the strategies in meeting the objectives in this


clause, the following will be relevant:


(a) the extent to which the strategies in subclause (3) and provisions in this Plan


have been implemented and complied with,


(b) the extent to which the changes in the economic benefits of water extraction


and use can be attributed to the strategies in subclause (3) and provisions in this


Plan,


(c) the extent to which the strategies in subclause (3) support achievement of the


economic objectives,


(d) the extent to which external influences on groundwater-dependent businesses


have affected progress towards achieving the economic objectives.


Note. External influences may include trends in urban, agricultural and industrial
development, energy costs, commodity prices, interest rates, technology advances,
climate and changes in industry policy or regulation.


10 Aboriginal cultural objectives 


(1) The broad Aboriginal cultural objective of this Plan is to maintain the spiritual, social,


customary and economic values and uses of groundwater by Aboriginal people.


(2) The targeted Aboriginal cultural objectives of this Plan are as follows:


(a) to provide access to groundwater in the exercise of native title rights,


(b) to provide access to groundwater for Aboriginal cultural use,


(c) to protect groundwater-dependent culturally significant areas,


Note. Groundwater-dependent culturally significant area is defined in the Dictionary.


(d) to contribute to the maintenance of groundwater salinity levels within existing


ranges that support groundwater-dependent Aboriginal cultural values and uses.


(3) The strategies for reaching the targeted Aboriginal cultural objectives of this Plan are


as follows:


(a) manage access to groundwater consistently with the exercise of native title


rights,
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(b) provide for groundwater associated with Aboriginal cultural values and 


purposes, 


Note. The provisions in Part 7 provide opportunities for Aboriginal people to access 
water by allowing for the granting of an aquifer access licence of the subcategory 
“Aboriginal cultural”. 


(c) manage extractions under access licences and basic landholder rights within the 


extraction limits, 


Note. The provisions in Part 6 manage extraction of groundwater within the extraction 
limits for the groundwater sources. This helps to protect any culturally significant areas 
from damage associated with long-term declines in water levels. 


(d) manage the construction and use of water supply works to minimise impacts on 


groundwater-dependent culturally significant areas and groundwater quality. 


Note. The provisions in Part 9 manage the location, construction and use of water 
supply works to prevent impacts on culturally significant areas and from sources of 
contaminated water. 


(4) The performance indicator used to measure the success of the strategies for reaching 


the broad Aboriginal cultural objective in subclause (1) is an evaluation of the extent 


to which the combined outcomes of the targeted Aboriginal cultural objectives in 


subclause (2) have contributed to achieving the broad objective. 


(5) The performance indicators used to measure the success of the strategies for reaching 


the targeted Aboriginal cultural objectives in subclause (2) are the changes or trends in 


Aboriginal cultural benefits during the term of this Plan as assessed using one or more 


of the following: 


(a) the use of water by Aboriginal people, by measuring factors including: 


(i) the extent to which native title rights are capable of being exercised, 


consistent with any determination of native title, 


(ii) the extent to which access to water has contributed to the achievement of 


Aboriginal cultural outcomes, 


(b) the extent to which Aboriginal people have considered the operation of this 


Plan to be beneficial to meeting their needs for groundwater-dependent 


Aboriginal cultural uses and values, 


(c) the extent to which changes in the use of water by Aboriginal people can be 


attributed to the strategies in subclause (3) and the provisions in this Plan, 


(d) the recorded values of total dissolved solids, 


(e) the recorded values of groundwater levels and pressures. 


Published LW 30 June 2020 (2020 No 354)







 


 
Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 2020 


 


 


Page 13 


(6) In evaluating the effectiveness of the strategies in meeting the Aboriginal cultural 


objectives in this clause, the following will be relevant: 


(a) the extent to which the strategies in subclause (3) and provisions in this Plan 


have been implemented and complied with, 


(b) the extent to which changes in the performance indicators can be attributed to 


the strategies in subclause (3) and provisions in this Plan, 


(c) the extent to which the strategies in subclause (3) support achievement of the 


Aboriginal cultural objectives, 


(d) the extent to which external influences on the groundwater-dependent 


Aboriginal cultural activities have affected progress toward achieving the 


Aboriginal cultural objectives. 


11 Social and cultural objectives 


(1) The broad social and cultural objective of this Plan is to provide access to 


groundwater to support groundwater-dependent social and cultural values. 


(2) The targeted social and cultural objectives of this Plan are as follows: 


(a) to provide for access to water for basic landholder rights, town water supply 


and licensed domestic and stock purposes, 


(b) to provide for access to water for groundwater-dependent cultural and 


community purposes, 


(c) to contribute to the maintenance of groundwater salinity levels within ranges 


that maintain a beneficial use category that supports groundwater-dependent 


community uses. 


(3) The strategies for reaching the targeted social and cultural objectives of this Plan are 


as follows: 


(a) provide groundwater for basic landholder rights, town water supply, and for 


licensed domestic and stock purposes, 


Note. The provisions in Part 6 ensure that water is available for basic landholder rights, 
town water supply and licensed domestic and stock purposes. 


(b) manage the construction and use of water supply works to minimise impacts on 


basic landholder rights and town water supply, 


Note. Part 9 includes provisions that manage the location, construction and use of water 
supply works to minimise the impacts of extraction on groundwater supplies for basic 
landholder rights and towns. 
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(c) manage the construction and use of water supply works to minimise impacts on


groundwater quality.


Note. Part 9 includes provisions that manage the location, construction and use of water
supply works to prevent contamination impacts on groundwater quality.


(4) The performance indicator used to measure the success of the strategies for reaching


the broad social and cultural objective in subclause (1) is an evaluation of the extent to


which the combined outcomes of the targeted social and cultural objectives in


subclause (2) have contributed to achieving the broad objective.


(5) The performance indicators used to measure the success of the strategies for reaching


the targeted social and cultural objectives in subclause (2) are the changes or trends in


social and cultural benefits during the term of this Plan as assessed using one or more


of the following:


(a) the social and cultural uses of water during the term of this Plan, by measuring


factors including:


(i) the extent to which basic landholder rights and licensed domestic and


stock purposes have been met, and


(ii) the extent to which local water utility access licence requirements have


been met,


(b) the recorded values of total dissolved solids,


(c) the recorded values of groundwater levels and pressures.


(6) In evaluating the effectiveness of the strategies in meeting the social and cultural


objectives in this clause, the following will be relevant:


(a) the extent to which the strategies in subclause (3) and provisions in this Plan


have been implemented and complied with,


(b) the extent to which the changes in the performance indicators can be attributed


to the strategies in subclause (3) and provisions in this Plan,


(c) the extent to which the strategies in subclause (3) support achievement of the


social and cultural objectives,


(d) the extent to which external influences on social and cultural activities


dependent on the groundwater sources during the term of this Plan have


affected progress toward achieving the social and cultural objectives.
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Note. External influences may include trends in urban, agricultural and industrial 
development, social or cultural behaviour, climate and changes in policy or regulation. 
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Part 3 Bulk access regime 


12 Bulk access regime 


(1) This Plan establishes a bulk access regime for the extraction of water under access 


licences, having regard to the following: 


(a) the planned environmental water established under Part 4, 


(b) the requirements for water to satisfy basic landholder rights identified under 


Part 5, 


(c) the requirements for water for extraction under access licences identified under 


Part 5, 


(d) the access licence dealing rules established under Part 10. 


(2) The bulk access regime: 


(a) establishes rules, according to which: 


(i) access licences are to be granted as provided for in Part 7, and 


(ii) available water determinations are to be made as provided for in Part 6, 


and 


(iii) access licences are to be managed as provided for in Part 8, and 


(b) establishes rules with respect to the priorities according to which water 


allocations are to be adjusted as a consequence of any reduction in the 


availability of water due to an increase in extraction above the limits to the 


availability of water contained in Part 6, and 


(c) recognises and is consistent with the following: 


(i) the limits to the availability of water as provided for in Part 6, 


(ii) the water management principles under section 5 of the Act, 


(iii) the effect of climatic variability on the availability of water as described 


in clause 13, and 


(d) contains provisions with respect to the mandatory conditions to be imposed on 


access licences in Part 11. 
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13 Climatic variability 


This Plan recognises the effects of climatic variability on groundwater levels through 


provisions contained in Part 6 that manage the sharing of water within the limits of 


water availability on a long-term basis. 


Note. Other statutory tools are available to manage for climatic variability within a water source, 
for example, temporary water restrictions under section 324 of the Act. 
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Part 4 Environmental water provisions 


Note. This Part is made in accordance with section 8 of the Act. 


14 General 


This Part contains environmental water provisions that commit, identify, establish and 


maintain planned environmental water. 


Note. In accordance with the Act, planned environmental water is water that is committed by 
management plans for fundamental ecosystem health or other specified environmental 
purposes, either generally or at specified times or in specified circumstances and that cannot, to 
the extent committed, be taken or used for any other purpose. 


15 Commitment and identification of planned environmental water 


Water is committed and identified as planned environmental water by reference to the 


following: 


(a) the long-term average annual commitment of water as planned environmental 


water, 


(b) the water that is not committed after the commitments to basic landholder rights 


and for sharing and extraction under any other rights have been met. 


16 Establishment and maintenance of planned environmental water 


(1) Planned environmental water is established in each of the groundwater sources as 


follows: 


(a) the long-term average annual commitment of water as planned environmental 


water, resulting from compliance with the limits to the availability of water in 


accordance with the provisions specified in Part 6, 


Note. Groundwater sources generally store large volumes of water that may have 
accumulated over thousands of years. This stored water is also replenished from time to 
time by rainfall, river and flood flows, and through flow from other groundwater sources. 
The provisions in Part 6 ensure that there will be water remaining in the groundwater 
sources over the long term by maintaining compliance with the long-term extraction 
limits. The long-term extraction limits specified in Part 6 represent a small fraction of the 
water in the groundwater sources. The remaining water is planned environmental water. 


(b) the water remaining after water has been taken under basic landholder rights, 


access licences and any other rights under the Act, and the water that cannot be 


carried over from one water year to the next, in accordance with the provisions 


specified in Part 6 and Part 8. 


Note. The provisions in Part 8 limit the amount of water allocation in a water allocation 
account for an access licence that can be taken from the groundwater sources in any 
one water year and, if permitted by Part 8, that can be carried over from one water year 
to the next water year. In addition to the water referred to in subclause (1) (a), subclause 
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(1) (b) commits any unused water allocations that cannot be carried over for use in
subsequent water years as planned environmental water.


(2) The planned environmental water established under subclause (1) is maintained by the


provisions in Part 6 and Part 8.


Note. The rules in Part 9 also provide mechanisms to ensure that no more than minimal harm will be 
done to high priority groundwater-dependent ecosystems, groundwater-dependent culturally significant 
areas, groundwater quality and groundwater levels and pressures at a local scale as a result of the 
granting or amending of a water supply work approval. 


Published LW 30 June 2020 (2020 No 354)







 


 
Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 2020 


 


 


Page 20 


Part 5 Requirements for water 


Division 1 General 


17 Application 


(1) This Part identifies the requirements for water for basic landholder rights (Division 2) 


and for extraction under access licences (Division 3). 


(2) The volumes of water specified in this Part represent the estimated requirements for 


water to satisfy basic landholder rights and the total volumes or unit shares specified 


in the share components of all access licences on commencement of this Plan. 


(3) This Plan recognises that requirements for water for basic landholder rights and the 


total share components of access licences may change during the term of this Plan. 


Notes. 


1 The total share components of access licences in the groundwater sources may change 
during the term of this Plan as a result of: 


(a) the grant, surrender or cancellation of access licences in the groundwater 
sources, or 


(b) the variation of local water utility licences under section 66 of the Act. 


2 Basic landholder rights requirements may increase as provided for under the Act. This 
Plan manages changes in basic landholder rights and total share components of all 
access licences through provisions in Part 6 that manage the sharing of water within the 
limits of water availability. 


3 Inherent water quality and land use activities may make the groundwater in some areas 
unsuitable for some purposes or uses. Groundwater should not be consumed, or 
otherwise used, without first being tested and, if necessary, appropriately treated to 
ensure it is fit for purpose. Testing and treatment are the responsibility of the water user. 


Division 2 Requirements for water for basic landholder rights 


Note. Under the Act, basic landholder rights are defined as domestic and stock rights, native title rights and 
harvestable rights. There are no harvestable rights in the groundwater sources. Under the Act, basic 
landholder rights authorise the take of groundwater without the need for an access licence or water use 
approval, although a water supply work approval is still required to construct a water bore. 


18 Domestic and stock rights 


On the commencement of this Plan, the water requirements of persons entitled to 


domestic and stock rights are estimated to total 44,500 megalitres per year (ML/year) 


and are distributed as follows: 


(a) 3,800 ML/year in the Central Groundwater Source, 


(b) 3,200 ML/year in the Eastern Recharge Groundwater Source, 
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(c) 13,500 ML/year in the Southern Recharge Groundwater Source, 


(d) 20,400 ML/year in the Surat Groundwater Source, 


(e) 3,600 ML/year in the Warrego Groundwater Source. 


Notes. 


1 Domestic and stock rights are set out in section 52 of the Act and must be exercised in 
accordance with any mandatory guidelines established under the Act for the taking and 
use of water for domestic consumption or stock watering. 


2 Under section 331 of the Act, the Minister may direct the holder of a domestic and stock 
right to take specified measures to protect the environment, to preserve basic landholder 
rights or to overcome a threat to public health. 


3 The volumes set out in this clause are separate from any volumes of water that may be 
taken under an access licence for domestic and stock purposes. 


4 These water requirements represent potential demand for domestic and stock purposes, 
which have been estimated based on stocking rates, human population and the number 
of properties in the groundwater sources. 


19 Native title rights 


The requirement for water to satisfy native title rights is the water that may be taken in 


the exercise of native title rights in accordance with the Native Title Act 1993 of the 


Commonwealth, including: 


(a) the native title determination for the Barkandji Traditional Owners #8 (Part A, 


National Native Title Tribunal references NCD2015/001), and 


(b) any other determination of native title, and 


(c) any indigenous land use agreement. 


Notes. 


1 A map of the native title determination area can be viewed by searching the National 
Native Title Tribunal website at www.nntt.gov.au. 


2 This Plan may be amended if there is an additional or change to a native title 
determination in accordance with the Native Title Act 1993 of the Commonwealth by 
which water is required. 


3 This Plan may be amended if consultation with native title holders identifies more 
specific requirements for water to satisfy native title rights. 


4 Native title rights may be exercised in accordance with the Native Title Act 1993 of the 
Commonwealth, including section 211 of that Act. 


Division 3 Requirements for water under access licences 


Note. This Division sets out the total volumes or unit shares in the share components of access licences in 
the groundwater sources at the commencement of this Plan. The actual volume of water available from year 
to year will depend on climate, access licence priority and the provisions in this Plan. 
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20 Share components of domestic and stock access licences 


On the commencement of this Plan, it is estimated that the share components of 


domestic and stock access licences total 32 ML/year, distributed as follows: 


(a) 32 ML/year in the Eastern Recharge Groundwater Source, 


(b) 0 ML/year in all other groundwater sources. 


21 Share components of domestic and stock (conveyance) access licences 


On the commencement of this Plan, it is estimated that the share components of 


domestic and stock (conveyance) access licences total 0 ML/year. 


22 Share components of local water utility access licences 


On the commencement of this Plan, it is estimated that the share components of local 


water utility access licences total 6,736 ML/year, distributed as follows: 


(a) 25 ML/year in the Central Groundwater Source, 


(b) 0 ML/year in the Eastern Recharge Groundwater Source, 


(c) 3,066 ML/year in the Southern Recharge Groundwater Source, 


(d) 3,393 ML/year in the Surat Groundwater Source, 


(e) 252 ML/year in the Warrego Groundwater Source. 


23 Share components of aquifer access licences 


On the commencement of this Plan, it is estimated that the share components of 


aquifer access licences total 65,412 unit shares, distributed as follows: 


(a) 43 unit shares in the Central Groundwater Source, 


(b) 34,974 unit shares in the Eastern Recharge Groundwater Source, 


(c) 24,462 unit shares in the Southern Recharge Groundwater Source, 


(d) 5,527 unit shares in the Surat Groundwater Source, 


(e) 406 unit shares in the Warrego Groundwater Source. 
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Part 6 Limits to the availability of water 


Division 1 Limits 


24 Long-term average annual extraction limits 


(1) The long-term average annual extraction limit for the Central Groundwater Source is


the sum of the following:


(a) 5,193 ML/year, plus


(b) the volume of water lost through the use of inefficient water distribution


systems in the exercise of domestic and stock rights, as determined by the


Minister, plus


(c) 30% of the water savings made under cap and pipe projects undertaken after the


commencement of this Plan, as determined by the Minister.


Notes. 


1 Cap and pipe project is defined in the Dictionary. 


2 The volume in subclause (a) represents the basic landholder right requirements in the 
groundwater source specified in Division 2 of Part 5, plus the licensed entitlements that 
existed in 2008, plus 30% of the water savings made under cap and pipe projects from 
1999 to the commencement of this Plan. 


3 The water accounted for under subclause (b) is the uncontrolled flow from a bore that is 
in excess of the water used for domestic consumption and stock watering. Once the 
bore is capped and piped, this water will cease to be accounted for under subclause (b) 
and the long-term average annual extraction limit will reduce. However, the level of 
reduction will be equivalent to 70% of this saved water, with the remaining 30% 
accounted for under subclause (c). 


(2) The long-term average annual extraction limit for the Eastern Recharge Groundwater


Source is 16,200 ML/year.


(3) The long-term average annual extraction limit for the Southern Recharge


Groundwater Source is 38,700 ML/year.


(4) The long-term average annual extraction limit for the Surat Groundwater Source is the


sum of the following:


(a) 43, 446 ML/year, plus


(b) the volume of water lost through the use of inefficient water distribution


systems in the exercise of domestic and stock rights, as determined by the


Minister, plus
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(c) 30% of the water savings made under cap and pipe projects undertaken after the 


commencement of this Plan, as determined by the Minister. 


(5) The long-term average annual extraction limit for the Warrego Groundwater Source is 


the sum of the following: 


(a) 8,816 ML/year, plus 


(b) the volume of water lost through the use of inefficient water distribution 


systems in the exercise of domestic and stock rights, as determined by the 


Minister, plus 


(c) 30% of the water savings made under cap and pipe projects undertaken after the 


commencement of this Plan, as determined by the Minister. 


25 Calculation of annual extraction 


The Minister is to determine the volume of water taken during a water year for each of 


the groundwater sources under the following entitlements (the annual extraction): 


(a) all categories of access licences, 


(b) basic landholder rights. 


26 Assessment of compliance with long-term average annual extraction limits 


(1) The Minister is to undertake an assessment under this clause comparing the long-term 


average annual extraction limit for each of the groundwater sources against the 


average of annual extraction for the preceding five water years for the respective 


groundwater source. 


(2) There is non-compliance with a long-term average annual extraction limit if the 


average of annual extraction for a groundwater source in the preceding five water 


years exceeds the long-term average annual extraction limit for that groundwater 


source by 10% or more. 


27 Compliance with limits 


(1) If an assessment for a groundwater source under clause 26 demonstrates non-


compliance with the long-term average annual extraction limit, the Minister is to take 


any one or more of the following actions in the respective groundwater source: 


(a) reduce the volume under clause 34(3)(a) relating to the maximum water 


account debit for aquifer access licences, 


Note. Water account debit has the meaning set out in clause 34. 
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(b) make an available water determination for aquifer access licences in accordance 


with clause 32 of less than 1 megalitre (ML) per unit share of access licence 


share component. 


(2) Any action under subclause (1) is to be taken to the extent the Minister considers is 


necessary to return average annual extractions in the relevant groundwater source to 


the long-term average annual extraction limit. 


(3) If the Minister reduces a maximum water account debit under subclause (1) (a), the 


Minister may increase the maximum water account debit for aquifer access licences 


later in the water year, up to the limit specified in clause 34 (3). 


(4) If the Minister makes a reduced available water determination pursuant to subclause 


(1) (b), the Minister may make further available water determinations in the water 


year up to the limit specified in clause 28 (2). 


Division 2 Available water determinations 


Note. When making an available water determination at the commencement of a water year, the Minister may 
also make known the maximum water account debit for aquifer access licences under clause 34 for that water 
year, which can be reduced under Division 1 of this Part. 


28 General 


(1) Available water determinations are to be expressed as one of the following: 


(a) for an access licence specifying the share component in ML/year— a 


percentage of the share component, 


(b) for an access licence specifying the share component as a number of unit 


shares— ML per unit share. 


(2) The sum of available water determinations made for any access licence must not 


exceed the following in any water year: 


(a) for an access licence specifying the share component in ML/year— 100% of the 


access licence share component, 


(b) for an access licence specifying the share component as a number of unit 


shares— 1 ML per unit share of the access licence share component. 


Note. If the Minister makes an available water determination of less than 1 ML per unit share of the 
access licence share component, the Minister may make further available water determinations during 
a water year, subject to subclause (2). 
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29 Available water determinations for domestic and stock access licences 


Unless the Minister otherwise determines, at the commencement of each water year an 


available water determination of 100% of the access licence share component is to be 


made for domestic and stock access licences. 


30 Available water determinations for domestic and stock (conveyance) access 


licences 


Unless the Minister otherwise determines, at the commencement of each water year an 


available water determination of 100% of the access licence share component is to be 


made for domestic and stock access (conveyance) licences. 


31 Available water determinations for local water utility access licences 


Unless the Minister otherwise determines, at the commencement of each water year an 


available water determination of 100% of the access licence share component is to be 


made for local water utility access licences. 


32 Available water determinations for aquifer access licences 


Unless the Minister otherwise determines, at the commencement of each water year an 


available water determination of 1 ML per unit share is to be made for aquifer access 


licences. 
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Part 7 Rules for granting access licences 


Notes. 


1 This Part is made in accordance with sections 61 of the Act. Section 61 of the Act provides for 
applications for specific purpose access licences in accordance with the regulations and the relevant 
water sharing plan. 


2 Access licences in the groundwater sources are granted subject to mandatory conditions required to 
be imposed by this Plan, the regulations and the Act, and may also be subject to discretionary 
conditions. 


33 Specific purpose access licences 


(1) The Minister must not grant a specific purpose access licence unless satisfied that the


share and extraction components of the access licence are the minimum required for


the proposed use.


(2) A person may make an application for an aquifer (Aboriginal cultural) access licence


only if the share component of the proposed access licence is no greater than 10


ML/year.


(3) A person may make an application for an aquifer (Aboriginal community


development) access licence only if the share component of the proposed access


licence is no greater than 50 ML/year.


(4) A person may make an application for a domestic and stock (conveyance) access


licence for delivering water to be used for domestic consumption and stock watering


only if, in the Minister’s opinion, the water taken under the access licence is being


conveyed through an inefficient water distribution system.


(5) The Minister may only grant an aquifer (Aboriginal cultural) access licence for the


taking of water by an Aboriginal person or Aboriginal community for any personal,


domestic or communal purpose, including drinking, food preparation, washing,


manufacturing traditional artefacts, watering domestic gardens, cultural teaching,


hunting, fishing, gathering and for recreational, cultural and ceremonial purposes.


Note. Aboriginal person is defined in the Dictionary.
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Part 8 Operation of water allocation accounts 


Notes. 


1 Section 85 of the Act provides for the keeping of water allocation accounts for access licences. The 
provisions in this Part restrict the water that may be taken under, or assigned from, an access licence 
over a specified period of time, and the unused water allocations in water allocation accounts that may 
be carried over from one water year to the next. These restrictions are in addition to any other limits on 
access licences for the taking or assignment of water. It is an offence under section 60C of the Act to 
take water under an access licence for which there is no or insufficient water allocation. 


2 The provisions in this Part apply to the following persons: 


(a) the Minister in managing water allocation accounts, 


(b) the access licence holder, as required by mandatory conditions imposed on the access licence 
under Part 11. 


34 Water allocation account debiting 


(1) For the purposes of this Plan, a water account debit means any water allocation that is 


taken, assigned under section 71T of the Act, or otherwise debited or withdrawn from 


a water allocation account. 


(2) For domestic and stock access licences, domestic and stock (conveyance) access 


licences and local water utility access licences, the maximum water account debit in a 


water year must not exceed the following: 


(a) the sum of water allocations credited to the water allocation account for the 


access licence from available water determinations in that water year, 


(b) plus any water allocations assigned to the water allocation account for the 


access licence under section 71T of the Act in that water year, 


(c) plus any water allocations re-credited to the water allocation account for the 


access licence in accordance with section 76 of the Act in that water year. 


(3) For aquifer access licences, the maximum water account debit in a water year must 


not exceed the following: 


(a) 1.3 ML per unit share of the access licence share component or, if applicable, 


the lower volume made in accordance with clause 27, 


(b) plus any water allocations assigned to the water allocation account for the 


access licence under section 71T of the Act in that water year, 


(c) plus any water allocations re-credited to the water allocation account for the 


access licence in accordance with section 76 of the Act in that water year. 
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35 Limits on carryover 


(1) For a domestic and stock access licence, a domestic and stock (conveyance) access 


licence or a local water utility access licence, water allocations remaining in the water 


allocation account cannot be carried over from one water year to the next water year. 


(2) For an aquifer access licence, water allocations remaining in the water allocation 


account are to be carried over from one water year to the next water year, up to a 


maximum of 0.6 ML per unit share of the access licence share component. 
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Part 9 Rules for water supply work approvals 


Note. This Part is made in accordance with section 95 (3) of the Act. 


36 General 


(1) A reference in this Part to a water supply work being located within a specified 


distance includes a reference to a water supply work that is proposed to be located 


within a specified distance. 


(2) In addition to the matters listed in section 97 (2) of the Act, the Minister must not 


grant a water supply work approval unless satisfied that adequate arrangements are in 


place to ensure that there will be: 


(a) no more than a minimal detrimental effect on the ability of a person to take 


water using an existing approved water supply work and any associated access 


licences, and 


(b) no more than minimal harm to public health and safety or to a groundwater-


dependent culturally significant area, and 


(c) no more than a minimal detrimental effect on groundwater levels and pressure 


at the border of New South Wales and Queensland or South Australia. 


(3) Subclause (2) (c) does not apply if the Minister has consulted with and considered 


views of the respective state government Minister. 


(4) The Minister must not amend a water supply work approval unless satisfied of the 


matters listed in subclause (2) and section 97 (2) of the Act. 


Notes. 


New approvals 


1 Division 2 of Part 3 of Chapter 3 of the Act sets out the process for applications for, and 
granting of, approvals. 


2 Section 97 (2) of the Act provides that the Minister may only grant a water supply work 
approval if satisfied that adequate arrangements are in place to ensure that no more 
than minimal harm will be done to any water source, or its dependent ecosystems, as a 
consequence of the construction or use of the proposed water supply work. 


3 Section 96 (b) of the Act specifies that the Minister must take into account any matters 
the Minister considers relevant in determining an application for a water supply work 
approval. Under section 92 (5), the Minister may require an applicant to provide any 
additional information the Minister considers relevant to determining the application. This 
may include, for example, hydrogeological studies, hydrogeochemical studies or 
ecological studies. 


Amendment of approvals 


4 Section 107 of the Act provides for the amendment of approvals. 


Conditions of approvals 
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5 The Minister may grant a water supply work approval subject to conditions, as provided 
in sections 95 and 100 of the Act. The Minister may also, under section 102 of the Act, 
impose or vary conditions on a water supply work approval at any time as the Minister 
thinks fit. These conditions may limit the volume or rate of extraction from a water supply 
work. 


Other limits on volumes or rates of extraction 


6 The Minister may also limit the volume or rate of extraction from existing water supply 
works in the following ways: 


(a) for all water supply works within a specified area, by an order made under section
324 of the Act,


(b) for existing water supply works used solely for domestic and stock rights and
harvestable rights, by an order made under section 331 of the Act.


Provisions in this Part 


7 This Part specifies provisions in addition to those in the Act about when, and how, the 
Minister may grant or amend a water supply work approval. 


37 Rules to minimise interference between water supply works 


(1) A water supply work approval must not be granted or amended in the Eastern


Recharge Groundwater Source or the Southern Recharge Groundwater Source if the


water supply work is located within 200 metres of a water supply work that is:


(a) located on another landholding and authorised to take water solely for basic


landholder rights from the same groundwater source, or


(b) located on another landholding and nominated by another access licence, other


than a local water utility access licence.


(2) A water supply work approval must not be granted or amended in the Central


Groundwater Source, the Surat Groundwater Source or the Warrego Groundwater


Source if the water supply work is located within 500 metres of a water supply work


that is:


(a) located on another landholding and authorised to take water solely for basic


landholder rights from the same groundwater source, or


(b) located on another landholding and nominated by another access licence, other


than a local water utility access licence.


(3) A water supply work approval must not be granted or amended if the water supply


work is located within:


(a) 200 metres of the boundary of the landholding on which the water supply work


is located, unless the owner of the landholding adjoining the boundary has


provided consent in writing,
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(b) 1,000 metres of a water supply work that is nominated by a local water utility 


access licence or a major utility access licence authorised to take water from the 


same groundwater source, unless the holder of the local water utility access 


licence or major utility access licence has provided consent in writing,  


(c) 400 metres of a Government monitoring or observation bore. 


Note. Government monitoring or observation bore is defined in the Dictionary. 


(4) The location restrictions specified in subclauses (1) – (3) do not apply to the granting 


or amending of a water supply work approval if the Minister is satisfied of any of the 


following: 


(a) the water supply work is used solely for basic landholder rights, 


Note. Rules for water supply work approvals used solely for basic landholder rights are 
specified in clause 41. 


(b) the water supply work is a replacement groundwater work, 


Note. Replacement groundwater work is defined in the Dictionary.  


(c) the water supply work is used solely for the purpose of monitoring, 


environmental remediation activities or emergency services, 


(d) the location of the water supply work at a lesser distance than that specified in 


subclause (1) would result in no more than a minimal detrimental effect on the 


ability of a person to take water using an existing approved water supply work 


and any associated access licences. 


38 Rules for water supply works located near contamination sources 


(1) A water supply work approval must not be granted or amended if, in the Minister’s 


opinion, the water supply work is located: 


(a) within 500 metres of a contamination source listed in Schedule 1, or 


(b) within 250 metres of the edge of a plume associated with a contamination 


source listed in Schedule 1, or 


(c) between 250 metres and 500 metres from the edge of a plume associated with a 


contamination source listed in Schedule 1, unless the Minister is satisfied that 


no change in groundwater level will occur within 250 metres of that plume as a 


result of the location of that water supply work. 
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(2) The location restrictions specified in subclause (1) do not apply to the granting or 


amending of a water supply work approval if the Minister is satisfied of any of the 


following: 


(a) the location of the water supply work is adequate to protect the groundwater 


source, the environment and public health and safety, 


(b) the water supply work is for the purpose of monitoring, environmental 


remediation activities or emergency services. 


(3) A water supply work approval for a water supply work located within 250 metres of 


an on-site sewage disposal system may only be granted or amended in the Eastern 


Recharge Groundwater Source and Southern Recharge Groundwater Source if the 


water supply work is: 


(a) constructed with cement grout in the borehole annulus to a minimum depth of 


20 metres from the ground surface, and 


Note. Borehole annulus is defined in the Dictionary. 


(b) in the Minister’s opinion, located at a sufficient distance from the on-site 


sewage disposal system to prevent migration of septic contamination in the 


aquifer. 


(4) The Minister may modify the depth requirement in subclause (3) (a) if satisfied of any 


of the following: 


(a) adequate arrangements are in place to protect the groundwater source, the 


environment and public health and safety, 


(b) the water supply work is for the purpose of monitoring or environmental 


remediation activities. 


39 Rules for water supply works located near high priority groundwater-


dependent ecosystems 


(1) A water supply work approval must not be granted or amended in the Eastern 


Recharge Groundwater Source and Southern Recharge Groundwater Source if, in the 


Minister’s opinion, the water supply work is located within any of the following: 


(a) 40 metres of the top of the high bank of a river, 


Note. Top of the high bank of a river is defined in the Dictionary. 
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(b) 1,000 metres of any of the high priority groundwater-dependent ecosystems 


identified in Schedule 2 if the water supply work is: 


(i) nominated by an access licence, other than a local water utility access 


licence, and 


(ii) authorised to take up to and including 20 ML/year, 


(c) 5,000 metres of any of the high priority groundwater-dependent ecosystems 


identified in Schedule 2 if the water supply work is: 


(i) nominated by an access licence, other than a local water utility access 


licence, and 


(ii) authorised to take over 20 ML/year, 


(d) 5,000 metres of any of the high priority groundwater-dependent ecosystems 


identified in Schedule 2 if the water supply work is nominated by a local water 


utility access licence, 


(e) 200 metres of any other high priority groundwater-dependent ecosystem shown 


on the High Priority Groundwater-Dependent Ecosystem Map. 


(2) A water supply work approval must not be granted or amended in the Central 


Groundwater Source, Surat Groundwater Source and Warrego Groundwater Source if, 


in the Minister’s opinion, the water supply work is located within any of the 


following: 


(a) 40 metres of the top of the high bank of a river, 


(b) 50,000 metres of any of the high priority groundwater-dependent ecosystems 


identified in Schedule 2. 


(3) The location restrictions specified in subclauses (1) and (2) do not apply to the 


granting or amending of a water supply work approval if the Minister is satisfied of 


any of the following: 


(a) the water supply work is used solely for basic landholder rights, 


(b) the water supply work is a replacement groundwater work, 


(c) the water supply work is used solely for the purpose of monitoring, 


environmental remediation activities or emergency services, 
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(d) the location of the water supply work at a lesser distance than that specified in 


subclauses (1) and (2) would result in no more than minimal harm to any high 


priority groundwater-dependent ecosystem shown on the High Priority 


Groundwater-Dependent Ecosystem Map or identified in Schedule 2. 


Note. Rules for water supply works used solely for basic landholder rights are specified in 
clause 41. 


(4) The location restriction in subclause (1) (e) does not apply unless a high probability of 


groundwater dependence has been confirmed by the Department for the relevant 


ecosystem. 


40 Rules for water supply works located near groundwater-dependent culturally 


significant areas 


(1) A water supply work approval must not be granted or amended in the Eastern 


Recharge Groundwater Source and Southern Recharge Groundwater Source if, in the 


Minister’s opinion, the water supply work is located within 200 metres of a 


groundwater-dependent culturally significant area. 


Note. Groundwater-dependent culturally significant areas may be identified during the term of 
this Plan. Aboriginal people may also identify culturally significant areas when applications for 
new or amended water supply works are advertised. Potential groundwater-dependent 
culturally significant areas will be considered in the assessment of any application for a water 
supply work approval within the area of this Plan. 


(2) A water supply work approval must not be granted or amended in the Central 


Groundwater Source, Surat Groundwater Source and Warrego Groundwater Source if, 


in the Minister’s opinion, the water supply work is located within 50,000 metres of a 


groundwater-dependent culturally significant area. 


(3) The location restrictions specified in subclauses (1) and (2) do not apply to the 


granting or amending of a water supply work approval if the Minister is satisfied of 


any of the following: 


(a) the water supply work is used solely for basic landholder rights, 


(b) the water supply work is a replacement groundwater work, 


(c) the water supply work is used solely for the purpose of monitoring, 


environmental remediation activities or emergency services, 


(d) the location of the water supply work at a lesser distance would result in no 


more than a minimal detrimental effect on any groundwater-dependent 


culturally significant area. 
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Note. Rules for water supply works used solely for basic landholder rights are specified in 
clause 41. 


41 Rules for water supply works used solely for basic landholder rights 


(1) A water supply work approval for a water supply work used solely for basic


landholder rights must not be granted or amended in the Eastern Recharge


Groundwater Source or the Southern Recharge Groundwater Source if the water


supply work is located within 200 metres of a water supply work that is:


(a) located on another landholding and authorised to take water solely for basic


landholder rights from the same groundwater source, or


(b) located on another landholding and nominated by another access licence, other


than a local water utility access licence.


(2) A water supply work approval for a water supply work used solely for basic


landholder rights must not be granted or amended in the Central Groundwater Source,


the Surat Groundwater Source or the Warrego Groundwater Source if the water


supply work is located within 500 metres of a water supply work that is:


(a) located on another landholding and authorised to take water solely for basic


landholder rights from the same groundwater source, or


(b) located on another landholding and nominated by another access licence, other


than a local water utility access licence.


(3) A water supply work approval for a water supply work used solely for basic


landholder rights must not be granted or amended if, in the Minister’s opinion, the


water supply work is located within any of the following:


(a) 200 metres of the boundary of the landholding on which the water supply work


is located, unless the owner of the landholding adjoining the boundary has


provided consent in writing,


(b) 1,000 metres of a water supply work that is nominated by a local water utility


access licence or a major utility access licence authorised to take water from the


same groundwater source, unless the holder of the local water utility access


licence or major utility access licence has provided consent in writing,


(c) 400 metres of a Government monitoring or observation bore.


(d) 40 metres of the top of the high bank of a river,
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(e) 1,000 metres of any of the high priority groundwater-dependent ecosystems 


identified in Schedule 2, if the water supply work is located in the Eastern 


Recharge Groundwater Source or Southern Recharge Groundwater Source, 


(f) 50,000 metres of any of the high priority groundwater-dependent ecosystems 


identified in Schedule 2, if the water supply work is located in the Central 


Groundwater Source, Surat Groundwater Source or Warrego Groundwater 


Source, 


(g) 100 metres of any other high priority groundwater-dependent ecosystem shown 


on the High Priority Groundwater-Dependent Ecosystem Map but only if a high 


probability of groundwater dependence has been confirmed by the Department 


for the relevant ecosystem, 


(h) 100 metres of a groundwater-dependent culturally significant area, if the water 


supply work is located in the Eastern Recharge Groundwater Source or 


Southern Recharge Groundwater Source, 


(i) 50,000 metres of a groundwater-dependent culturally significant area, if the 


water supply work is located in the Central Groundwater Source, Surat 


Groundwater Source or Warrego Groundwater Source. 


(4) The location restrictions specified in subclauses (1) – (3) do not apply to the granting 


or amending of a water supply work approval if the Minister is satisfied that the water 


supply work is a replacement groundwater work. 


(5) The location restrictions specified in subclauses (3) (e) - (g) do not apply to the 


granting or amending of a water supply work approval if the Minister is satisfied that 


the location of the water supply work at a lesser distance would result in no more than 


minimal harm to any high priority groundwater-dependent ecosystem shown on the 


High Priority Groundwater-Dependent Ecosystem Map or identified in Schedule 2. 


(6) The location restrictions specified in subclause (3) (h) and (i) do not apply to the 


granting or amending of a water supply work approval if the Minister is satisfied that 


the location of the water supply work at a lesser distance would result in no more than 


a minimal detrimental effect on any groundwater-dependent culturally significant 


area. 
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42 Replacement groundwater works 


(1) For the purposes of this Plan, replacement groundwater work means a water supply


work that:


(a) will replace an existing water supply work that is authorised by a water supply


work approval, and


(b) is to be constructed to extract water:


(i) from the same groundwater source as the existing water supply work, and


(ii) from the same depth as the existing water supply work, and


(c) is to be located:


(i) within 20 metres of the existing water supply work, and


(ii) if the existing water supply work is located within 40 metres of the top of


the high bank of a river, no closer to that high bank of a river, and


(d) will not have a greater internal diameter or excavation footprint than the


existing water supply work, except where the internal diameter of the existing


water supply work is:


(i) no longer manufactured, in which case the internal diameter is to be no


greater than 120% of the internal diameter of the existing water supply


work it replaces, or


(ii) less than 100 millimetres, in which case the internal diameter is to be no


more than 100 millimetres.


Note. Internal diameter and excavation footprint are defined in the Dictionary. 


(2) The Minister may alter the depth and location requirements in subclauses (1) (b) (ii),


(1) (c) (i) and (1) (d) on a case by case basis if satisfied that doing so will result in:


(a) no greater detrimental effect on a groundwater source, a high priority


groundwater-dependent ecosystem, public health and safety, or a groundwater-


dependent culturally significant area, and


(b) no more than a minimal detrimental effect on the ability of a person to take


water using an existing approved water supply work and on any associated


access licences.
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Part 10 Access licence dealing rules 


Notes. 


1 Access licence dealings in the groundwater sources are subject to the provisions of the Act, the 
regulations, any access licence dealing principles established under section 71Z of the Act and the 
access licence dealing rules established under this Part. 


2 At the commencement of this Plan the Access Licence Dealing Principles Order 2004 applies. The 
access licence dealing principles prevail over the access licence dealing rules in this Plan to the extent 
of any inconsistency, as provided under section 71Z (3) of the Act. 


3 An application for a dealing may be refused, or conditions imposed on an access licence or water 
supply work approval at the time of a dealing, to give effect to the provisions of this Plan. 


43 Conversion of access licence to new category dealings 


Dealings under section 71O of the Act are prohibited. 


44 Assignment of rights dealings 


A dealing under section 71Q of the Act is prohibited if it involves an assignment of 


rights: 


(a) to an access licence in the Central Groundwater Source if it would cause the


sum of the share components of all access licences plus the volume of water


taken under domestic and stock rights and native title rights in the Central


Groundwater Source to exceed:


(i) 5,193 ML/year, plus


(ii) 30% of the water savings made under cap and pipe projects undertaken


after the commencement of this Plan, as determined by the Minister, or


(b) to an access licence in the Surat Groundwater Source if it would cause the sum


of the share components of all access licences plus the volume of water taken


under domestic and stock rights and native title rights in the Surat Groundwater


Source to exceed:


(i) 43,446 ML/year, plus


(ii) 30% of the water savings made under cap and pipe projects undertaken


after the commencement of this Plan, as determined by the Minister, or


(c) to an access licence in the Warrego Groundwater Source if it would cause the


sum of the share components of all access licences plus the volume of water


taken under domestic and stock rights and native title rights in the Warrego


Groundwater Source to exceed:
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(i) 8,816 ML/year, plus 


(ii) 30% of the water savings made under cap and pipe projects undertaken 


after the commencement of this Plan, as determined by the Minister, or 


(d) from an access licence in one of the following groundwater sources to another 


access licence in another groundwater source: 


(i) the Eastern Recharge Groundwater Source, 


(ii) the Southern Recharge Groundwater Source, or 


(e) from an access licence in another groundwater source to an access licence in 


one of the following groundwater sources: 


(i) the Eastern Recharge Groundwater Source,  


(ii) the Southern Recharge Groundwater Source. 


45 Amendment of share component dealings (change of water source) 


(1) Dealings under section 71R of the Act are prohibited if the dealing involves any of the 


following: 


(a) the cancellation of an access licence with a share component specifying one of 


the groundwater sources in order to grant an access licence with a share 


component that does not specify one of the groundwater sources, 


(b) the granting of an access licence with a share component that specifies one of 


the groundwater sources following the cancellation of an access licence with a 


share component that does not specify one of the groundwater sources, 


(c) the granting of an access licence in the Central Groundwater Source if it would 


cause the sum of the share components of all access licences plus the volume of 


water taken under domestic and stock rights and native title rights in the Central 


Groundwater Source to exceed: 


(i) 5,193 ML/year, plus 


(ii) 30% of the water savings made under cap and pipe projects undertaken 


after the commencement of this Plan, as determined by the Minister, or 


(d) the granting of an access licence in the Surat Groundwater Source if it would 


cause the sum of the share components of all access licences plus the volume of 
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water taken under domestic and stock rights and native title rights in the Surat 


Groundwater Source to exceed: 


(i) 43,446 ML/year, plus 


(ii) 30% of the water savings made under cap and pipe projects undertaken 


after the commencement of this Plan, as determined by the Minister, or 


(e) the granting of an access licence in the Warrego Groundwater Source if it 


would cause the sum of the share components of all access licences plus the 


volume of water taken under domestic and stock rights and native title rights in 


the Warrego Groundwater Source to exceed: 


(i) 8,816 ML/year, plus 


(ii) 30% of the water savings made under cap and pipe projects undertaken 


after the commencement of this Plan, as determined by the Minister, or 


(f) the granting or cancellation of an access licence with a share component that 


specifies one of the following groundwater sources: 


(i) the Eastern Recharge Groundwater Source, 


(ii) the Southern Recharge Groundwater Source. 


(2) Dealings under section 71R of the Act are only permitted if the share component of 


the new access licence is equal to the share component of the cancelled access licence. 


46  Assignment of water allocations dealings 


Dealings under section 71T of the Act between access licences in different 


groundwater sources are prohibited unless they are between access licences in two of 


the following groundwater sources: 


(a) the Central Groundwater Source, 


(b) the Surat Groundwater Source, 


(c) the Warrego Groundwater Source. 


47 Interstate access licence transfer and assignment of water allocations 


dealings 


(1) Dealings under section 71U of the Act are prohibited unless administrative 


arrangements have been put in place by NSW and the other State or Territory and the 
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interstate transfer of access licence is to be made in accordance with these 


arrangements. 


(2) Dealings under section 71V of the Act are prohibited unless administrative 


arrangements have been put in place by NSW and the other State or Territory and the 


interstate assignment of water allocations is to be made in accordance with these 


arrangements. 


Note. As at the commencement of this Plan, administrative arrangements are not in place 
between New South Wales and other States or Territories. New South Wales will, in 
collaboration with the relevant States or Territories, consider introducing a cross border trading 
framework, if and when demand increases to a level that justifies the investment in 
administrative resources. 


48 Nomination of water supply works dealings 


(1) A dealing under section 71W of the Act is prohibited if it involves an access licence 


being amended to nominate a water supply work located in a different groundwater 


source to that specified in the share component of the access licence. 


(2) A dealing under section 71W of the Act that involves an access licence in the 


groundwater sources being amended to nominate a specified extraction point in an 


interstate water tagging zone is prohibited unless it is in accordance with 


administrative arrangements agreed to, and implemented by, NSW and the other State 


or Territory. 
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Part 11 Mandatory conditions 


Note. Mandatory conditions relating to metering equipment and recording of information are imposed by the 
Water Management (General) Regulation 2018. Clauses in this Plan that provide for mandatory conditions to 
be imposed in relation to metering and logbooks apply only until the roll out of the metering and reporting 
mandatory conditions that are prescribed in Part 10 and Part 11 of the Water Management (General) 
Regulation 2018. 


Division 1 General 


49 General 


(1) For the purposes of this Part a requirement to notify the Minister in writing will only


be satisfied by writing to the email address for enquiries on the Department’s website.


(2) In this Part an operational meter means an operational meter that complies with


Australian Standard AS 4747, Meters for non-urban water supply, as updated or


replaced from time to time.


Division 2 Access licences 


Note. This Division is made in accordance with sections 17 (c) and 66 of the Act. 


50 General conditions 


Each access licence must have mandatory conditions to give effect to the following: 


(a) the water taken under the access licence must not exceed the maximum water


account debit permitted under clause 34,


(b) upon becoming aware of a breach of any condition of the access licence, the


licence holder must:


(i) notify the Minister as soon as practicable, and


(ii) if the notification under subparagraph (i) is not in writing, confirm this


notification in writing within seven days of becoming aware of the


breach,


(c) any other condition required to implement the provisions of this Plan.


51 Record keeping conditions 


(1) Each access licence must have mandatory conditions to give effect to the following:
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(a) the licence holder must record the following information in a logbook each time 


that water is taken using a water supply work that does not have both an 


operational meter (as referred to in clause 49 (2)) and an operational data 


logger: 


(i) the date and the start and end time during which water was taken under 


the licence, 


(ii) the volume of water taken on that date, 


(iii) the water supply work approval number of the water supply work used to 


take the water on that date, 


(iv) the purposes for which the water was taken on that date, 


(v) the volume of water taken in a water year compared with the water 


account debit permitted under clause 34 for the licence, 


(b) the licence holder must retain the information required to be recorded in the 


logbook for five years from the date to which that information relates. 


Note. Logbook is defined in the Dictionary. 


(2) If an access licence with a nominated water supply work is subject to a mandatory 


condition imposed by Part 10 or Part 11 of the Water Management (General) 


Regulation 2018 relating to the recording or reporting of water that is taken by the 


work, this clause ceases to have effect in relation to the work on the day on which the 


condition applies to the licence. 


(3) This clause is taken to be repealed on the day on which the temporary exemption from 


the mandatory metering equipment condition ceases to apply to the groundwater 


sources in accordance with clause 230 (1) of the Water Management (General) 


Regulation 2018. 


Notes.  


1 Mandatory metering equipment condition is defined in clause 228 of the Water 
Management (General) Regulation 2018. 


2 The Water Management (General) Regulation 2018 will impose a mandatory condition 
requiring record keeping on access licences and approvals by 1 December 2021. 


Division 3 Water supply work approvals 


Note. This Division is made in accordance with sections 17 (c) and 100 of the Act. 
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52 General conditions 


(1) Water supply work approvals must have mandatory conditions to give effect to: 


(a) the clauses set out in this Division, and 


(b) any other condition required to implement the provisions of this Plan.  


(2) A water supply work approved for the purpose of monitoring, an environmental 


remediation activity or emergency services must be used only for that purpose.   


(3) If the holder of a water supply work approval is the same person as the holder of the 


access licence under which water is proposed to be taken, it is not necessary to 


maintain two separate logbooks and all of the required information can be kept in the 


one logbook. 


(4) Upon becoming aware of a breach of any condition of the approval, the approval 


holder must: 


(a) notify the Minister as soon as practicable, and 


(b) if the notification under paragraph (a) was not in writing, confirm this 


notification in writing within seven days of becoming aware of the breach. 


53 Metering conditions 


(1) This clause applies to water supply works used to take water under an access licence. 


(2) The approval holder must install and maintain metering equipment of a type and 


standard and meet criteria specified by the Minister. 


(3) The approval holder must ensure each of the following: 


(a) the metering equipment accurately measures and records the flow of all water 


taken through each water supply work, 


(b) the metering equipment is operated and maintained in a proper and efficient 


manner at all times, 


(c) compliance with any other requirements as to the type, standard or other criteria 


for metering equipment as directed by the Minister. 


Note. The Minister may also direct a landholder or person to install, replace or properly 
maintain metering equipment under section 326 of the Act. 


(4) If an approval for a water supply work is subject to a mandatory metering equipment 


condition in relation to the work, this clause ceases to have effect in relation to the 


work on the day on which the condition applies to the approval. 
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(5) This clause is taken to be repealed on the day on which the temporary exemption from


the mandatory metering equipment condition ceases to apply to the groundwater


sources in accordance with clause 230 (1) of the Water Management (General)


Regulation 2018.


Note. Clause 230 of the Water Management (General) Regulation 2018 provides that the
mandatory metering equipment condition applies to new works required to have a meter from 1
April 2019, and to other access licences and approvals in the groundwater sources from 1
December 2021.


54 Record keeping conditions 


(1) This clause does not apply to a water supply work approval if the work is used for the


sole purpose of taking water under basic landholder rights.


(2) The approval holder must:


(a) record the following information in a logbook whenever the water supply work


does not have both an operational meter (as referred to in clause 49 (2)) and an


operational data logger:


(i) the date and the start and end time during which water was taken using


the water supply work,


(ii) the volume of water taken on that date,


(iii) the access licence under which water was taken on that date or, if water


was taken under some other authority, the authority under which water


was taken,


(iv) the purposes for which the water was taken on that date,


(v) details of any cropping carried out using the water taken through the


water supply work including the type of crop, area cropped and dates of


planting and harvesting,


(vi) if metering equipment has been installed for use in connection with the


water supply work and is operational, the meter reading before each time


water is taken,


(vii) if metering equipment has not been installed for use in connection with


the water supply work, or has been installed but is not operational, details


of all pumping activities for the water supply work including pump


running hours, pump power usage or pump fuel usage, pump start and


stop times and pump capacity per unit of time, and
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(b) retain the information recorded in the logbook for five years from the date to 


which that information relates. 


(3) If an approval for a water supply work is subject to a mandatory condition imposed by 


Part 10 or Part 11 of the Water Management (General) Regulation 2018 relating to the 


recording or reporting of water that is taken by the work, this clause ceases to have 


effect in relation to the work on the day on which the condition applies to the 


approval. 


(4) This clause is taken to be repealed on the day on which the temporary exemption from 


the mandatory metering equipment condition ceases to apply to the groundwater 


sources in accordance with clause 230 (1) of the Water Management (General) 


Regulation 2018. 


Note. The Water Management (General) Regulation 2018 will impose a mandatory condition 
requiring record keeping on access licences and approvals by 1 December 2021. 


55 Water supply work construction conditions 


(1) The approval holder must ensure that the water supply work is constructed in such a 


way that ensures the following: 


(a) the water supply work is situated in the location specified in the application for 


the water supply work, 


(b) water is able to be taken through the water supply work only from the 


groundwater source specified in the share component of the access licence that 


nominates the water supply work, 


(c) the water supply work is sealed off from all other water sources, 


(d) all flowing water supply works are fitted with headworks in such a way as to 


enable the control of water flow, 


Note. Flowing water supply works is defined in the Dictionary.  


(e) construction of the water supply work complies with the construction standards 


for that type of bore prescribed in the Minimum Construction Requirements for 


Water Bores in Australia, 


Note. Minimum Construction Requirements for Water Bores in Australia is defined 
in the Dictionary. 


(f) construction and use of the water supply work prevents contamination of the 


aquifer and between aquifers, 
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(g) construction and use of the water supply work prevents the flow of saline water 


between aquifers. 


(2) If contaminated water is encountered during the construction of the water supply 


work, the approval holder must do the following: 


(a) notify the Minister within 48 hours of becoming aware of the contaminated 


water, 


(b) take all reasonable steps to minimise contamination and environmental harm, 


(c) ensure that the contaminated water is sealed off by inserting casing to a depth 


sufficient to exclude the contaminated water from the water supply work, 


(d) place an impermeable seal in the borehole annulus when and as directed by the 


Minister, 


(e) comply with any other written requirements specified by the Minister, which 


may include a requirement to provide a report in a specified form detailing the 


quality of any water obtained using the water supply work. 


(3) Subclause (2) does not apply to a water supply work constructed for the purpose of 


monitoring or remediating contaminated water. 


(4) The approval holder must, within 60 days of completion of the construction of the 


water supply work, or within 60 days after the issue of the water supply work 


approval if the approval is for the amendment of an existing water supply work, 


submit the details of the water supply work to the Minister in a form approved by the 


Minister. 


(5) The approval holder must ensure: 


(a) the construction of the water supply work is completed within three years of the 


approval being granted, and 


(b) the water supply work is not used unless construction is completed within three 


years of the approval being granted. 


(6) Each water supply work approval for a replacement groundwater work must impose 


conditions which give effect to clause 42 (1) (b) - (d). 


(7) A water supply work with headworks installed to control artesian flow must be 


maintained to ensure those headworks are operational and in the Minister’s opinion 


there is minimal loss of water. 
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Note. Subclause (7) applies to new and existing works. 


56 Water quality condition 


If directed by the Minister by notice in writing, the approval holder must provide a 


report in the form specified in the notice detailing the quality of any water obtained 


using the water supply work, within the timeframe (if any) specified in the written 


notice. 


Notes. 


1 An approval holder is responsible for monitoring water quality from the water supply 
work to ensure it is suitable for its intended purpose for the duration of the approval. 


2 Inherent water quality and land use activities may make the water in some areas 
unsuitable for use. Water from the groundwater sources should not be used without first 
being tested and, if necessary, appropriately treated to ensure it is fit for purpose. Such 
testing and treatment is the responsibility of the water user. 


57 Water supply work decommissioning condition 


(1) A water supply work that is no longer intended to be used must be decommissioned in 


accordance with this clause. 


(2) The approval holder must notify the Minister in writing of any intention to 


decommission the water supply work at least 60 days before commencing 


decommissioning. The notice must include a work plan for decommissioning in 


accordance with the Minimum Construction Requirements for Water Bores in 


Australia. 


(3) The approval holder must comply with any notice from the Minister received within 


60 days of the notice referred to in subclause (2) stating that the water supply work: 


(a) must not be decommissioned, or 


(b) must be decommissioned in accordance with the requirements specified in the 


notice. 


(4) In decommissioning the water supply work, the approval holder must comply with the 


work plan referred to in subclause (2) or requirements referred to in subclause (3) (b) 


(5) Within 60 days of the water supply work being decommissioned, the approval holder 


must notify the Minister in writing that the water supply work has been 


decommissioned and provide the name of the driller who decommissioned the work. 
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Part 12 Amendment of this Plan 


Notes. 


1 This Part sets out amendments authorised by this Plan. 


2 For the purposes of section 87 of the Act, the initial period for the groundwater sources expired on 1 
July 2020. 


58 General 


For the purposes of section 45 (1) (b) of the Act, this Part provides for when this Plan 


may be amended and any such amendments are taken to be authorised by this Plan. 


59 Amendments relating to Part 1 


Part 1 may be amended to do any of the following: 


(a) apply this Plan to new or additional groundwater sources or water management


areas (including part thereof), or modify (including to amend the boundaries) or


remove an existing groundwater source or water management area (including


part thereof) from this Plan,


(b) add, remove or modify a management zone, including the groundwater sources


to which a management zone applies and the boundaries of such a zone,


(c) amend the Plan Map,


(d) amend the High Priority Groundwater-Dependent Ecosystem Map.


60 Amendments relating to limits to the availability of water 


This Plan may be amended to give effect to savings made under cap and pipe projects. 


61 Amendments relating to compliance with limits and the operation of water 


allocation accounts 


(1) This Plan may be amended to reduce the amount of water allocations permitted to be


carried over from one water year to the next water year and the maximum water


account debit for aquifer access licences.


(2) Any reduction under subclause (1) is subject to the maximum water account debit not


being reduced to less than 1 ML per unit share of the access licence share component:


(a) plus any water allocations assigned to the water allocation account for the


access licence under section 71T of the Act in that water year,
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(b) plus any water allocations re-credited to the water allocation account for the


access licence in accordance with section 76 of the Act in that water year.


62 Amendments relating to the granting of access licences 


This Plan may be amended to establish, modify or remove provisions for the granting 


of the following access licences: 


(a) aquifer (Aboriginal community development) access licences,


(b) domestic and stock (conveyance) access licences.


63 Amendments relating to mandatory conditions 


This Plan may be amended with respect to mandatory conditions to specify different 


standards or requirements for the construction or decommissioning of water supply 


works. 


64 Dictionary 


The Dictionary may be amended to add, modify or remove a definition. 


65 Schedules 


(1) Schedule 1 may be amended to add or remove a contamination source.


(2) Schedule 2 may be amended to add or remove a high priority groundwater-dependent


ecosystem.


66 Other amendments (general) 


(1) This Plan may be amended to include provisions for the following:


(a) managed aquifer recharge,


Note. Managed aquifer recharge schemes involve taking water such as recycled water
or urban stormwater, treating it and then storing it in aquifers under controlled conditions.
This water can then be extracted at a later time.


(b) the interception of water before it reaches a stream or aquifer by plantations or


other means,


(c) the management of salt interception schemes,


(d) the management of aquifer interference activities, including the granting of


aquifer interference approvals,


(e) water return flows, as referred to in Division 5 of Part 2 of Chapter 3 of the Act,


(f) the protection of groundwater-dependent culturally significant areas.
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(2) This Plan may be amended to give effect to, or in connection with, a determination of 


native title under the Native Title Act 1993 of the Commonwealth. 


(3) This Plan may be amended to do any of the following for the protection of water-


dependent Aboriginal cultural assets: 


(a) identify water-dependent Aboriginal cultural assets, 


(b) establish rules for the granting and amending of water supply work approvals, 


(c) establish dealing rules. 


(4) An amendment authorised by this Plan is taken to include any consequential 


amendments required to be made to this Plan to give effect to that particular 


amendment. 


Note. For example, if Part 1 is amended to add a new management zone, this may require 
amendments to other parts of this Plan to include provisions for that management zone. 


(5) Consequential amendments may be made to this Plan as a result of an amendment to 


the Act or regulations. 
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Dictionary 


Aboriginal person has the same meaning as it has in the Aboriginal Land Rights Act 1983. 


beneficial use category is a water quality categorisation based on salinity which is defined in 


the NSW Great Artesian Basin Shallow Water Quality Management Plan, GW13 Water 


Resource Plan Area. 


borehole annulus means the space between the bore casing and the wall of the borehole. 


cap and pipe project means a program of works that results in artesian flows from a water 


supply work to be controlled by headworks, including the complete closing off of all flows, 


and the installation of a water tight distribution system from the water supply work. 


excavation footprint means the authorised dimensions of an unlined excavation constructed 


for the purposes of water supply only. 


flowing water supply work means a water supply work through which groundwater is able 


to rise above the distribution outlet of the work under the natural pressure of the aquifer. 


Government monitoring or observation bore means a bore owned or operated by or on 


behalf of the Minister, the Ministerial Corporation, the Department or WaterNSW and used 


for observation or monitoring purposes. 


groundwater-dependent culturally significant area means an area determined by the 


Minister to be a groundwater-dependent culturally significant area. 


groundwater-dependent ecosystem is an ecosystem that has its species composition and 


natural ecological processes wholly or partially determined by groundwater. 


internal diameter means the diameter of the inside of the casing of a water bore. 


logbook, in relation to an access licence or water supply work approval, means a record in 


the manner and form approved by the Minister that is notified on the Department’s website. 


Minimum Construction Requirements for Water Bores in Australia means the document 


published by the National Uniform Drillers Licensing Committee entitled Minimum 


Construction Requirements for Water Bores in Australia, as published from time to time. 


replacement groundwater work has the meaning given by clause 42. 


structural damage to an aquifer includes any permanent compaction of sediments within 


the groundwater sources, resulting from depressurisation or dewatering. 


top of the high bank of a river means, in relation to the location of a water supply work, the 


top of the highest bank on the side of the river where the work is located, unless otherwise 


determined by the Minister. 


total dissolved solids is a measure of the combined total of dissolved substances in water, 


which includes mostly inorganic minerals and salts with small amounts of organic matter 


such as bacteria. 


unconsolidated alluvial sediments are sediments that are not bound or hardened by mineral 


cement, pressure, or thermal alteration of the grains and include gravel, sand, silt and clay. 


water account debit has the meaning given by clause 34. 


weighted average unit price means the total price of all units sold divided by the number of 


units sold. 
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Schedule 1 Contamination sources (clause 38) 


A contamination source in the groundwater sources is any of the following: 


(a) any site that has been declared to be significantly contaminated land under the 


Contaminated Land Management Act 1997, 


(b) any site that has been notified to the Environment Protection Authority under 


section 60 of the Contaminated Land Management Act 1997, 


(c) any site that is or has been the subject of an activity listed in Table 1 of the 


contaminated land planning guidelines published under the Environmental 


Planning and Assessment Act 1979 from time to time. 
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Schedule 2 High priority groundwater-dependent ecosystems (clause 4, 39 and 


41) 


Table A— High priority geothermal spring groundwater dependent ecosystems 


Column 1 Column 2  Column 3 Column 4 Column 5 Column 6 


High priority 


groundwater 


dependent 


ecosystem 


Complex 


name 


Supergroup Latitude -


Decimal 


degrees 


(South) 


Longitude -


Decimal 


degrees (East) 


Groundwater 


Source 


Bingewilpa Bingewilpa Bourke -30.0310 142.6600 Central Groundwater 


Source 


Boongunyarrah Boongunyarra Bourke -29.4500 145.1000 Warrego 


Groundwater Source 


Black Boongunyarra Bourke -29.4528 145.1021 Warrego 


Groundwater Source 


MotherNosey Boongunyarra Bourke -29.4540 145.1014 Warrego 


Groundwater Source 


Colless Colless Bourke -29.4188 146.2112 Warrego 


Groundwater Source 


Colless Colless Bourke -29.4653 146.2819 Warrego 


Groundwater Source 


Coolabah Coolabah Bogan River -30.8329 146.9495 Surat Groundwater 


Source 


Coolabah Coolabah Bogan River -30.8329 146.9492 Surat Groundwater 


Source 


Coolabah Coolabah Bogan River -30.8335 146.9493 Surat Groundwater 


Source 


Coolabah Coolabah Bogan River -30.8338 146.9499 Surat Groundwater 


Source 


Coonbilly Coonbilly Bourke -29.5325 145.2570 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5303 145.2617 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5312 145.2592 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5318 145.2580 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5318 145.2606 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5319 145.2553 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5320 145.2576 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5289 145.2624 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5323 145.2590 Warrego 


Groundwater Source 
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Coonbilly Coonbilly Bourke -29.5324 145.2555 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5324 145.2557 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5325 145.2551 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5326 145.2566 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5327 145.2559 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5328 145.2568 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5330 145.2570 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5334 145.2565 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5345 145.2493 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5351 145.2476 Warrego 


Groundwater Source 


Coonbilly Coonbilly Bourke -29.5365 145.2491 Warrego 


Groundwater Source 


Cuddie Cuddie Bogan River -30.3486 147.3434 Surat Groundwater 


Source 


Cumborah Cumborah Bogan River -29.7412 147.7644 Surat Groundwater 


Source 


Cumborah Cumborah Bogan River -29.7412 147.7646 Surat Groundwater 


Source 


Cumborah Cumborah Bogan River -29.7411 147.7647 Surat Groundwater 


Source 


Cumborah Cumborah Bogan River -29.7413 147.7644 Surat Groundwater 


Source 


Deadman Deadman Non-GAB -28.9347 146.9332 Warrego 


Groundwater Source 


Bernards Deadman Non-GAB -28.9690 146.9088 Warrego 


Groundwater Source 


Tin Deadman Non-GAB -28.9781 146.8917 Warrego 


Groundwater Source 


LakeEliza Eliza Bourke -29.4237 145.0593 Warrego 


Groundwater Source 


LakeEliza Eliza Bourke -29.4237 145.0593 Warrego 


Groundwater Source 


LakeEliza Eliza Bourke -29.4237 145.0592 Warrego 


Groundwater Source 


LakeEliza Eliza Bourke -29.4237 145.0592 Warrego 


Groundwater Source 


LakeEliza Eliza Bourke -29.4237 145.0592 Warrego 


Groundwater Source 
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LakeEliza Eliza Bourke -29.4236 145.0590 Warrego 


Groundwater Source 


LakeEliza Eliza Bourke -29.4235 145.0594 Warrego 


Groundwater Source 


LakeEliza Eliza Bourke -29.4235 145.0596 Warrego 


Groundwater Source 


LakeEliza Eliza Bourke -29.4236 145.0593 Warrego 


Groundwater Source 


LakeEliza Eliza Bourke -29.4237 145.0591 Warrego 


Groundwater Source 


LakeEliza Eliza Bourke -29.4238 145.0593 Warrego 


Groundwater Source 


LakeEliza Eliza Bourke -29.4238 145.0594 Warrego 


Groundwater Source 


Gurrera Gerara Bourke -29.2483 146.4011 Warrego 


Groundwater Source 


Old Gerara Gerara Bourke -29.2679 146.3832 Warrego 


Groundwater Source 


Goonery Goonery Bourke -30.0238 145.1099 Warrego 


Groundwater Source 


Goonery Goonery Bourke -30.0238 145.1099 Warrego 


Groundwater Source 


Goonery Goonery Bourke -30.0238 145.1099 Warrego 


Groundwater Source 


Goonery Goonery Bourke -30.0238 145.1099 Warrego 


Groundwater Source 


Gooroomero Gooroomero Bourke -29.0958 146.6540 Warrego 


Groundwater Source 


Gooroomero Gooroomero Bourke -29.0908 146.6492 Warrego 


Groundwater Source 


Gooroomero Gooroomero Non-GAB -29.1040 146.6200 Warrego 


Groundwater Source 


Hawkes Spring Hawkes Bourke -30.3984 143.8354 Warrego 


Groundwater Source 


Jacombe Jacombe Bourke -29.2170 144.7175 Warrego 


Groundwater Source 


Kullyna Kullyna Bourke -29.4823 145.7902 Warrego 


Groundwater Source 


Kullyna Kullyna Bourke -29.4833 145.7893 Warrego 


Groundwater Source 


Kullyna Kullyna Bourke -29.4836 145.7893 Warrego 


Groundwater Source 


Kullyna Kullyna Bourke -29.4841 145.7898 Warrego 


Groundwater Source 


Kullyna Kullyna Bourke -29.4846 145.7899 Warrego 


Groundwater Source 


Kullyna Kullyna Bourke -29.4846 145.7894 Warrego 


Groundwater Source 
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Kullyna Kullyna Bourke -29.5077 145.7604 Warrego 


Groundwater Source 


Warrego Mud Spring Kullyna Bourke -29.4697 145.7577 Warrego 


Groundwater Source 


Yarranongany Kullyna Bourke -29.4771 145.7373 Warrego 


Groundwater Source 


Lila Lila Bourke -29.5634 146.0687 Warrego 


Groundwater Source 


Lila Lila Bourke -29.5636 146.0670 Warrego 


Groundwater Source 


Lila Lila Bourke -29.5591 146.0678 Warrego 


Groundwater Source 


Lila Lila Bourke -29.5635 146.0671 Warrego 


Groundwater Source 


Log Log Bourke -28.9491 146.8874 Warrego 


Groundwater Source 


Mascot Mascot Bourke -29.3972 145.3215 Warrego 


Groundwater Source 


MooroonowaNorth Mooronowa Bourke -29.1367 145.2519 Warrego 


Groundwater Source 


MooroonowaNorth Mooronowa Bourke -29.1370 145.2517 Warrego 


Groundwater Source 


MooroonowaNorth Mooronowa Bourke -29.1372 145.2516 Warrego 


Groundwater Source 


MooroonowaNorth Mooronowa Bourke -29.1374 145.2516 Warrego 


Groundwater Source 


MooroonowaNorth Mooronowa Bourke -29.1372 145.2512 Warrego 


Groundwater Source 


Tharnowanni Mooronowa Bourke -29.1333 145.2666 Warrego 


Groundwater Source 


MooroonowaSouth Mooronowa Bourke -29.1508 145.2280 Warrego 


Groundwater Source 


MooroonowaSouth Mooronowa Bourke -29.1511 145.2326 Warrego 


Groundwater Source 


MooroonowaSouth Mooronowa Bourke -29.1512 145.2276 Warrego 


Groundwater Source 


MooroonowaSouth Mooronowa Bourke -29.1512 145.2272 Warrego 


Groundwater Source 


MooroonowaSouth Mooronowa Bourke -29.1516 145.2262 Warrego 


Groundwater Source 


MooroonowaSouth Mooronowa Bourke -29.1518 145.2284 Warrego 


Groundwater Source 


MooroonowaSouth Mooronowa Bourke -29.1523 145.2280 Warrego 


Groundwater Source 


MooroonowaSouth Mooronowa Bourke -29.1525 145.2273 Warrego 


Groundwater Source 


MooroonowaSouth Mooronowa Bourke -29.1526 145.2338 Warrego 


Groundwater Source 
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MooroonowaSouth Mooronowa Bourke -29.1527 145.2255 Warrego 


Groundwater Source 


Mud Mud Bourke -29.1317 144.6344 Warrego 


Groundwater Source 


Mulyeo Mulyeo Bourke -30.6320 144.4220 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5244 145.8339 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5249 145.8338 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5249 145.8336 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5254 145.8329 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5254 145.8332 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5256 145.8325 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5261 145.8331 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5264 145.8329 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5269 145.8325 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5277 145.8301 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5277 145.8284 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5278 145.8282 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5279 145.8298 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5280 145.8294 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5287 145.8313 Warrego 


Groundwater Source 


Native Dog Native Dog Bourke -29.5294 145.8310 Warrego 


Groundwater Source 


Nulty Nulty Bourke -29.4182 146.1152 Warrego 


Groundwater Source 


Old Morton Plains Old Morton 


Plains 


Bourke -29.0834 146.7499 Warrego 


Groundwater Source 


Peery West Peery Bourke -30.7329 143.5751 Central Groundwater 


Source 


Peery West Peery Bourke -30.7197 143.5691 Central Groundwater 


Source 


Peery West Peery Bourke -30.7198 143.5695 Central Groundwater 


Source 
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Peery West Peery Bourke -30.7199 143.5681 Central Groundwater 


Source 


Peery West Peery Bourke -30.7199 143.5697 Central Groundwater 


Source 


Peery West Peery Bourke -30.7199 143.5696 Central Groundwater 


Source 


Peery West Peery Bourke -30.7199 143.5694 Central Groundwater 


Source 


Peery West Peery Bourke -30.7199 143.5680 Central Groundwater 


Source 


Peery West Peery Bourke -30.7200 143.5700 Central Groundwater 


Source 


Peery West Peery Bourke -30.7200 143.5688 Central Groundwater 


Source 


Peery West Peery Bourke -30.7201 143.5694 Central Groundwater 


Source 


Peery West Peery Bourke -30.7201 143.5671 Central Groundwater 


Source 


Peery West Peery Bourke -30.7201 143.5693 Central Groundwater 


Source 


Peery West Peery Bourke -30.7201 143.5675 Central Groundwater 


Source 


Peery West Peery Bourke -30.7202 143.5695 Central Groundwater 


Source 


Peery West Peery Bourke -30.7202 143.5694 Central Groundwater 


Source 


Peery West Peery Bourke -30.7203 143.5687 Central Groundwater 


Source 


Peery West Peery Bourke -30.7203 143.5700 Central Groundwater 


Source 


Peery West Peery Bourke -30.7204 143.5683 Central Groundwater 


Source 


Peery West Peery Bourke -30.7204 143.5703 Central Groundwater 


Source 


Peery West Peery Bourke -30.7205 143.5707 Central Groundwater 


Source 


Peery West Peery Bourke -30.7206 143.5702 Central Groundwater 


Source 


Peery West Peery Bourke -30.7207 143.5705 Central Groundwater 


Source 


Peery West Peery Bourke -30.7208 143.5696 Central Groundwater 


Source 


Peery West Peery Bourke -30.7208 143.5700 Central Groundwater 


Source 


Peery West Peery Bourke -30.7208 143.5664 Central Groundwater 


Source 


Peery West Peery Bourke -30.7209 143.5697 Central Groundwater 


Source 
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Peery West Peery Bourke -30.7210 143.5697 Central Groundwater 


Source 


Peery West Peery Bourke -30.7210 143.5707 Central Groundwater 


Source 


Peery West Peery Bourke -30.7210 143.5716 Central Groundwater 


Source 


Peery West Peery Bourke -30.7211 143.5704 Central Groundwater 


Source 


Peery West Peery Bourke -30.7211 143.5697 Central Groundwater 


Source 


Peery West Peery Bourke -30.7212 143.5710 Central Groundwater 


Source 


Peery West Peery Bourke -30.7213 143.5697 Central Groundwater 


Source 


Peery West Peery Bourke -30.7213 143.5676 Central Groundwater 


Source 


Peery West Peery Bourke -30.7214 143.5710 Central Groundwater 


Source 


Peery West Peery Bourke -30.7214 143.5678 Central Groundwater 


Source 


Peery West Peery Bourke -30.7215 143.5713 Central Groundwater 


Source 


Peery West Peery Bourke -30.7215 143.5710 Central Groundwater 


Source 


Peery West Peery Bourke -30.7216 143.5679 Central Groundwater 


Source 


Peery West Peery Bourke -30.7217 143.5712 Central Groundwater 


Source 


Peery West Peery Bourke -30.7217 143.5710 Central Groundwater 


Source 


Peery West Peery Bourke -30.7217 143.5711 Central Groundwater 


Source 


Peery West Peery Bourke -30.7218 143.5680 Central Groundwater 


Source 


Peery West Peery Bourke -30.7219 143.5680 Central Groundwater 


Source 


Peery West Peery Bourke -30.7219 143.5681 Central Groundwater 


Source 


Peery West Peery Bourke -30.7220 143.5683 Central Groundwater 


Source 


Peery West Peery Bourke -30.7220 143.5682 Central Groundwater 


Source 


Peery West Peery Bourke -30.7220 143.5682 Central Groundwater 


Source 


Peery West Peery Bourke -30.7220 143.5729 Central Groundwater 


Source 


Peery West Peery Bourke -30.7220 143.5685 Central Groundwater 


Source 
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Peery West Peery Bourke -30.7221 143.5724 Central Groundwater 


Source 


Peery West Peery Bourke -30.7221 143.5683 Central Groundwater 


Source 


Peery West Peery Bourke -30.7221 143.5724 Central Groundwater 


Source 


Peery West Peery Bourke -30.7222 143.5687 Central Groundwater 


Source 


Peery West Peery Bourke -30.7225 143.5713 Central Groundwater 


Source 


Peery West Peery Bourke -30.7231 143.5710 Central Groundwater 


Source 


Peery West Peery Bourke -30.7232 143.5707 Central Groundwater 


Source 


Peery West Peery Bourke -30.7232 143.5697 Central Groundwater 


Source 


Peery West Peery Bourke -30.7233 143.5688 Central Groundwater 


Source 


Peery West Peery Bourke -30.7234 143.5713 Central Groundwater 


Source 


Peery West Peery Bourke -30.7236 143.5708 Central Groundwater 


Source 


Peery West Peery Bourke -30.7237 143.5699 Central Groundwater 


Source 


Peery West Peery Bourke -30.7237 143.5701 Central Groundwater 


Source 


Peery West Peery Bourke -30.7237 143.5699 Central Groundwater 


Source 


Peery West Peery Bourke -30.7238 143.5675 Central Groundwater 


Source 


Peery West Peery Bourke -30.7238 143.5711 Central Groundwater 


Source 


Peery West Peery Bourke -30.7239 143.5699 Central Groundwater 


Source 


Peery West Peery Bourke -30.7239 143.5677 Central Groundwater 


Source 


Peery West Peery Bourke -30.7241 143.5679 Central Groundwater 


Source 


Peery West Peery Bourke -30.7241 143.5679 Central Groundwater 


Source 


Peery West Peery Bourke -30.7242 143.5703 Central Groundwater 


Source 


Peery West Peery Bourke -30.7245 143.5718 Central Groundwater 


Source 


Peery West Peery Bourke -30.7246 143.5717 Central Groundwater 


Source 


Peery West Peery Bourke -30.7246 143.5702 Central Groundwater 


Source 
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Peery West Peery Bourke -30.7247 143.5705 Central Groundwater 


Source 


Peery West Peery Bourke -30.7247 143.5700 Central Groundwater 


Source 


Peery West Peery Bourke -30.7247 143.5702 Central Groundwater 


Source 


Peery West Peery Bourke -30.7248 143.5720 Central Groundwater 


Source 


Peery West Peery Bourke -30.7248 143.5720 Central Groundwater 


Source 


Peery West Peery Bourke -30.7250 143.5714 Central Groundwater 


Source 


Peery West Peery Bourke -30.7251 143.5687 Central Groundwater 


Source 


Peery West Peery Bourke -30.7252 143.5701 Central Groundwater 


Source 


Peery West Peery Bourke -30.7252 143.5701 Central Groundwater 


Source 


Peery West Peery Bourke -30.7253 143.5702 Central Groundwater 


Source 


Peery West Peery Bourke -30.7253 143.5703 Central Groundwater 


Source 


Peery West Peery Bourke -30.7253 143.5683 Central Groundwater 


Source 


Peery West Peery Bourke -30.7254 143.5706 Central Groundwater 


Source 


Peery West Peery Bourke -30.7255 143.5683 Central Groundwater 


Source 


Peery West Peery Bourke -30.7256 143.5684 Central Groundwater 


Source 


Peery West Peery Bourke -30.7257 143.5716 Central Groundwater 


Source 


Peery West Peery Bourke -30.7257 143.5709 Central Groundwater 


Source 


Peery West Peery Bourke -30.7258 143.5711 Central Groundwater 


Source 


Peery West Peery Bourke -30.7258 143.5726 Central Groundwater 


Source 


Peery West Peery Bourke -30.7259 143.5714 Central Groundwater 


Source 


Peery West Peery Bourke -30.7259 143.5714 Central Groundwater 


Source 


Peery West Peery Bourke -30.7259 143.5721 Central Groundwater 


Source 


Peery West Peery Bourke -30.7260 143.5715 Central Groundwater 


Source 


Peery West Peery Bourke -30.7260 143.5716 Central Groundwater 


Source 
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Peery West Peery Bourke -30.7260 143.5693 Central Groundwater 


Source 


Peery West Peery Bourke -30.7261 143.5720 Central Groundwater 


Source 


Peery West Peery Bourke -30.7262 143.5725 Central Groundwater 


Source 


Peery West Peery Bourke -30.7262 143.5721 Central Groundwater 


Source 


Peery West Peery Bourke -30.7263 143.5726 Central Groundwater 


Source 


Peery West Peery Bourke -30.7264 143.5720 Central Groundwater 


Source 


Peery West Peery Bourke -30.7265 143.5729 Central Groundwater 


Source 


Peery West Peery Bourke -30.7266 143.5725 Central Groundwater 


Source 


Peery West Peery Bourke -30.7266 143.5721 Central Groundwater 


Source 


Peery West Peery Bourke -30.7266 143.5725 Central Groundwater 


Source 


Peery West Peery Bourke -30.7266 143.5719 Central Groundwater 


Source 


Peery West Peery Bourke -30.7267 143.5701 Central Groundwater 


Source 


Peery West Peery Bourke -30.7267 143.5702 Central Groundwater 


Source 


Peery West Peery Bourke -30.7268 143.5726 Central Groundwater 


Source 


Peery West Peery Bourke -30.7268 143.5702 Central Groundwater 


Source 


Peery West Peery Bourke -30.7268 143.5735 Central Groundwater 


Source 


Peery West Peery Bourke -30.7268 143.5733 Central Groundwater 


Source 


Peery West Peery Bourke -30.7268 143.5702 Central Groundwater 


Source 


Peery West Peery Bourke -30.7268 143.5736 Central Groundwater 


Source 


Peery West Peery Bourke -30.7268 143.5726 Central Groundwater 


Source 


Peery West Peery Bourke -30.7268 143.5734 Central Groundwater 


Source 


Peery West Peery Bourke -30.7269 143.5735 Central Groundwater 


Source 


Peery West Peery Bourke -30.7269 143.5701 Central Groundwater 


Source 


Peery West Peery Bourke -30.7270 143.5701 Central Groundwater 


Source 
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Peery West Peery Bourke -30.7270 143.5703 Central Groundwater 


Source 


Peery West Peery Bourke -30.7270 143.5738 Central Groundwater 


Source 


Peery West Peery Bourke -30.7270 143.5739 Central Groundwater 


Source 


Peery West Peery Bourke -30.7270 143.5705 Central Groundwater 


Source 


Peery West Peery Bourke -30.7270 143.5715 Central Groundwater 


Source 


Peery West Peery Bourke -30.7270 143.5728 Central Groundwater 


Source 


Peery West Peery Bourke -30.7271 143.5722 Central Groundwater 


Source 


Peery West Peery Bourke -30.7271 143.5719 Central Groundwater 


Source 


Peery West Peery Bourke -30.7272 143.5723 Central Groundwater 


Source 


Peery West Peery Bourke -30.7272 143.5739 Central Groundwater 


Source 


Peery West Peery Bourke -30.7272 143.5722 Central Groundwater 


Source 


Peery West Peery Bourke -30.7272 143.5741 Central Groundwater 


Source 


Peery West Peery Bourke -30.7273 143.5723 Central Groundwater 


Source 


Peery West Peery Bourke -30.7273 143.5727 Central Groundwater 


Source 


Peery West Peery Bourke -30.7273 143.5732 Central Groundwater 


Source 


Peery West Peery Bourke -30.7273 143.5727 Central Groundwater 


Source 


Peery West Peery Bourke -30.7275 143.5728 Central Groundwater 


Source 


Peery West Peery Bourke -30.7275 143.5729 Central Groundwater 


Source 


Peery West Peery Bourke -30.7275 143.5728 Central Groundwater 


Source 


Peery West Peery Bourke -30.7275 143.5723 Central Groundwater 


Source 


Peery West Peery Bourke -30.7275 143.5731 Central Groundwater 


Source 


Peery West Peery Bourke -30.7277 143.5726 Central Groundwater 


Source 


Peery West Peery Bourke -30.7277 143.5723 Central Groundwater 


Source 


Peery West Peery Bourke -30.7277 143.5724 Central Groundwater 


Source 


Published LW 30 June 2020 (2020 No 354)







 


 
Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 2020 


 


 


Page 66 


Peery West Peery Bourke -30.7278 143.5742 Central Groundwater 


Source 


Peery West Peery Bourke -30.7279 143.5728 Central Groundwater 


Source 


Peery East 9 Peery Bourke -30.7279 143.6130 Central Groundwater 


Source 


Peery West Peery Bourke -30.7279 143.5728 Central Groundwater 


Source 


Peery West Peery Bourke -30.7280 143.5743 Central Groundwater 


Source 


Peery West Peery Bourke -30.7282 143.5751 Central Groundwater 


Source 


Peery West Peery Bourke -30.7282 143.5727 Central Groundwater 


Source 


Peery West Peery Bourke -30.7283 143.5726 Central Groundwater 


Source 


Peery West Peery Bourke -30.7283 143.5724 Central Groundwater 


Source 


Peery West Peery Bourke -30.7284 143.5725 Central Groundwater 


Source 


Peery West Peery Bourke -30.7285 143.5731 Central Groundwater 


Source 


Peery West Peery Bourke -30.7286 143.5733 Central Groundwater 


Source 


Peery West Peery Bourke -30.7287 143.5733 Central Groundwater 


Source 


Peery West Peery Bourke -30.7287 143.5733 Central Groundwater 


Source 


Peery West Peery Bourke -30.7287 143.5738 Central Groundwater 


Source 


Peery West Peery Bourke -30.7288 143.5744 Central Groundwater 


Source 


Peery West Peery Bourke -30.7289 143.5743 Central Groundwater 


Source 


Peery East 3 Peery Bourke -30.7291 143.6118 Central Groundwater 


Source 


Peery East 2 Peery Bourke -30.7291 143.6118 Central Groundwater 


Source 


Peery East 7 Peery Bourke -30.7291 143.6121 Central Groundwater 


Source 


Peery East 5 Peery Bourke -30.7292 143.6119 Central Groundwater 


Source 


Peery East 1 Peery Bourke -30.7292 143.6118 Central Groundwater 


Source 


Peery East 4 Peery Bourke -30.7292 143.6119 Central Groundwater 


Source 


Peery East 6 Peery Bourke -30.7292 143.6119 Central Groundwater 


Source 
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Peery West Peery Bourke -30.7293 143.5734 Central Groundwater 


Source 


Peery West Peery Bourke -30.7293 143.5736 Central Groundwater 


Source 


Peery West Peery Bourke -30.7294 143.5739 Central Groundwater 


Source 


Peery West Peery Bourke -30.7294 143.5735 Central Groundwater 


Source 


Peery West Peery Bourke -30.7295 143.5737 Central Groundwater 


Source 


Peery East 8 Peery Bourke -30.7296 143.6117 Central Groundwater 


Source 


Peery West Peery Bourke -30.7297 143.5716 Central Groundwater 


Source 


Peery West Peery Bourke -30.7297 143.5725 Central Groundwater 


Source 


Peery West Peery Bourke -30.7299 143.5725 Central Groundwater 


Source 


Peery West Peery Bourke -30.7299 143.5726 Central Groundwater 


Source 


Peery West Peery Bourke -30.7299 143.5725 Central Groundwater 


Source 


Peery West Peery Bourke -30.7299 143.5726 Central Groundwater 


Source 


Peery West Peery Bourke -30.7299 143.5727 Central Groundwater 


Source 


Peery West Peery Bourke -30.7299 143.5721 Central Groundwater 


Source 


Peery West Peery Bourke -30.7300 143.5728 Central Groundwater 


Source 


Peery West Peery Bourke -30.7300 143.5721 Central Groundwater 


Source 


Peery West Peery Bourke -30.7301 143.5727 Central Groundwater 


Source 


Peery West Peery Bourke -30.7301 143.5725 Central Groundwater 


Source 


Peery West Peery Bourke -30.7302 143.5724 Central Groundwater 


Source 


Picnic Sandhill Mud Picnic Sandhill 


Mud 


Bourke -29.1333 144.6700 Warrego 


Groundwater Source 


Pullamonga Pullamonga Bourke -29.5147 145.2780 Warrego 


Groundwater Source 


Sandy Sandy Bourke -29.1700 146.5800 Warrego 


Groundwater Source 


Scrubber Scrubber Bourke -29.5095 146.1469 Warrego 


Groundwater Source 


Scrubber Scrubber Bourke -29.5096 146.1470 Warrego 


Groundwater Source 
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Sweetwater Sweetwater Bourke -29.4308 145.7323 Warrego 


Groundwater Source 


Tanawanta Mud Tanawanta 


Mud 


Bourke -29.3801 145.3405 Warrego 


Groundwater Source 


Tanawanta Mud Tanawanta 


Mud 


Bourke -29.3935 145.3047 Warrego 


Groundwater Source 


Tanawanta Mud Tanawanta 


Mud 


Bourke -29.3745 145.3375 Warrego 


Groundwater Source 


Tanawanta Mud Tanawanta 


Mud 


Bourke -29.3811 145.3425 Warrego 


Groundwater Source 


Tanawanta Mud Tanawanta 


Mud 


Bourke -29.3748 145.3371 Warrego 


Groundwater Source 


Tego Tego Bourke -28.8488 146.7921 Warrego 


Groundwater Source 


Tego Tego Bourke -28.8493 146.7909 Warrego 


Groundwater Source 


Tego Tego Bourke -28.8496 146.7919 Warrego 


Groundwater Source 


Tego Tego Bourke -28.8500 146.7917 Warrego 


Groundwater Source 


Tego Tego Bourke -28.8501 146.7914 Warrego 


Groundwater Source 


Tego Tego Bourke -28.8502 146.7913 Warrego 


Groundwater Source 


Tego Tego Bourke -28.8508 146.7921 Warrego 


Groundwater Source 


Thooro Thooro Bourke -29.3695 145.3755 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3962 145.3040 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3964 145.3033 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3970 145.3028 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3957 145.3057 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3957 145.3021 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3979 145.3043 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3978 145.3063 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3978 145.3230 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3988 145.3229 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3984 145.3227 Warrego 


Groundwater Source 
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Thooro Mud Thooro Mud Bourke -29.3963 145.3207 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3969 145.3030 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3974 145.3064 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3975 145.3063 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3975 145.3080 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3969 145.3072 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3971 145.3081 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3944 145.3065 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3945 145.3072 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3931 145.3057 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3803 145.3406 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3961 145.3041 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3994 145.3216 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3984 145.3227 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3961 145.3039 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3995 145.3214 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3917 145.3041 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3918 145.3042 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3918 145.3044 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3924 145.3044 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3926 145.3048 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3937 145.3063 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3937 145.3048 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3948 145.3038 Warrego 


Groundwater Source 
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Thooro Mud Thooro Mud Bourke -29.3953 145.3067 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3963 145.3207 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3966 145.3070 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3968 145.3029 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3974 145.3067 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3974 145.3077 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3976 145.3070 Warrego 


Groundwater Source 


Thooro Mud Thooro Mud Bourke -29.3977 145.3230 Warrego 


Groundwater Source 


Thully Thully Bourke -29.7160 146.2843 Warrego 


Groundwater Source 


Thully Thully Bourke -29.7162 146.2849 Warrego 


Groundwater Source 


Thully Thully Bourke -29.7161 146.2837 Warrego 


Groundwater Source 


Thully Thully Bourke -29.7166 146.2843 Warrego 


Groundwater Source 


Thully Thully Bourke -29.7157 146.2846 Warrego 


Groundwater Source 


Thully Thully Bourke -29.7160 146.2849 Warrego 


Groundwater Source 


Tooloomi Tooloomi Non-GAB -29.1922 146.5875 Warrego 


Groundwater Source 


Tooloomi Tooloomi Non-GAB -29.1958 146.5808 Warrego 


Groundwater Source 


Yotomi Tooloomi Non-GAB -29.2014 146.5510 Warrego 


Groundwater Source 


Toulby Toulby Bourke -29.0193 146.9304 Warrego 


Groundwater Source 


Towry Towry Bourke -28.9707 146.9251 Warrego 


Groundwater Source 


Towry Towry Bourke -28.9708 146.9237 Warrego 


Groundwater Source 


Towry Towry Bourke -28.9716 146.9255 Warrego 


Groundwater Source 


Towry Towry Bourke -28.9728 146.9292 Warrego 


Groundwater Source 


Towry Towry Bourke -28.9732 146.9262 Warrego 


Groundwater Source 


Towry Towry Bourke -28.9743 146.9268 Warrego 


Groundwater Source 
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Towry Towry Bourke -28.9746 146.9263 Warrego 


Groundwater Source 


Tyngnynias Tyngnynias Bourke -29.2317 144.7011 Warrego 


Groundwater Source 


Wapweelah Wapweela Bourke -29.2731 145.3510 Warrego 


Groundwater Source 


Warroo Warroo Bourke -29.0672 144.6337 Warrego 


Groundwater Source 


Wee Wattah Wee Wattah Bourke -30.7317 144.2435 Warrego 


Groundwater Source 


Yantabangee Yantabangee Bourke -30.6615 143.8270 Central Groundwater 


Source 


Yantabulla Yantabulla Bourke -29.3383 145.0029 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3382 145.0036 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3386 145.0040 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3389 145.0041 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3389 145.0040 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3390 145.0032 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3398 145.0034 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3400 145.0044 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3419 145.0054 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3417 145.0054 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3373 145.0030 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3329 145.0129 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3328 145.0130 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3332 145.0130 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3332 145.0132 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3388 145.0029 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3417 145.0053 Warrego 


Groundwater Source 


Yantabulla Yantabulla Bourke -29.3417 145.0053 Warrego 


Groundwater Source 
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Paralna Youltoo Bourke -30.5250 143.1304 Central Groundwater 


Source 


Youltoo Youltoo Bourke -30.5772 143.1008 Central Groundwater 


Source 


Youngerina Youngerina Bourke -29.5246 145.1296 Warrego 


Groundwater Source 


Youngerina Youngerina Bourke -29.5421 145.1209 Warrego 


Groundwater Source 


Youngerina Youngerina Bourke -29.5435 145.1201 Warrego 


Groundwater Source 


Youngerina Youngerina Bourke -29.5437 145.1201 Warrego 


Groundwater Source 


Youngerina Youngerina Bourke -29.5441 145.1225 Warrego 


Groundwater Source 


Youngerina Youngerina Bourke -29.5442 145.1225 Warrego 


Groundwater Source 


 


Table B—High priority spring groundwater dependent ecosystems 


Column 1 Column 2 Column 3 Column 4 


High priority groundwater 


dependent ecosystem 


Latitude -Decimal 


degrees (South) 


Longitude -Decimal 


degrees (East) 


Groundwater 


Source 


Lawlers Spring -30.0817 150.0344 Southern Recharge 


O’Connors Spring -29.3983 150.8678 Eastern Recharge 


Rocky Holes Springs -29.3150 150.3678 Eastern Recharge 


Ulungra Springs -31.7150 149.1011 Southern Recharge 


Wheoh Spring -31.2150 149.0844 Southern Recharge 


Wittenbra Springs -31.0650 149.2011 Southern Recharge 


Yearinan Springs -31.1817 149.1844 Southern Recharge 


Hassells Spring -31.7483 149.0178 Southern Recharge 


Gidgenboyne Spring -31.7483 149.0178 Southern Recharge 


Cookamobla Springs -31.5150 149.3094 Southern Recharge 


Dandry North Springs -31.0317 149.2844 Southern Recharge 


Dandry Springs -31.1483 149.3178 Southern Recharge 


Hardy Spring -30.6650 149.8344 Southern Recharge 


Eather Spring -30.6817 149.8344 Southern Recharge 


Garrawilla Spring -31.1483 149.6344 Southern Recharge 


Gora Spring -31.0817 149.0678 Southern Recharge 


Jackys Spring -29.4483 150.4678 Eastern Recharge 


Grattai Spring -30.0983 150.0678 Southern Recharge 


Hickeys Spring -29.4483 150.5011 Eastern Recharge 


Barnsbys Springs -29.9650 150.1678 Southern Recharge 


Boggy Spring -29.4483 150.4844 Eastern Recharge 


Coxs Spring -29.3650 150.6844 Eastern Recharge 


Cucumber Springs -29.3317 150.8844 Eastern Recharge 


Published LW 30 June 2020 (2020 No 354)
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Stump Spring -29.4650 150.5011 Eastern Recharge 


Published LW 30 June 2020 (2020 No 354)







Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 2020 


Page 74 


Appendix 1 Overview of the Plan Map (clause 4) 


Overview of the Plan Map (WSP040_Version 2), Water Sharing Plan for the NSW Great 
Artesian Basin Groundwater Sources 2020 


Published LW 30 June 2020 (2020 No 354)
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Appendix 2 Overview of the High Priority Groundwater-Dependent 


Ecosystem Map (clauses 4, 39 and 41) 


Overview of the High Priority Groundwater-Dependent Ecosystem Map (GDE025_Version 1), 
Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 2020 


 
  


Published LW 30 June 2020 (2020 No 354)
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Appendix 3 Map of the High Priority Groundwater-Dependent Ecosystems 


identified in Schedule 2 (clauses 4, 39 and 41) 


Map of the High Priority Groundwater-Dependent Ecosystems identified in Schedule 2 


Published LW 30 June 2020 (2020 No 354)
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Sandsilt Mound at McLachlan Springs, Kati Thanda-Lake Eyre, South Australia. Photo: T Gotch 
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Geographic extent of the great artesian basin and selected overlying surface water drainage 


divisions. Smerdon et al. 2012. 
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Acronyms 


Term Definition 


The Plan The Great Artesian Basin Strategic Management Plan  


The Basin The Great Artesian Basin 


GABSI Great Artesian Basin Sustainability Initiative 


GABCC Great Artesian Basin Coordinating Committee 


ML Megalitre 


NRM Natural Resource Management 


SMP The Great Artesian Basin Strategic Management Plan 2000-2015 


WAP Water Allocation Plan 


PWA Prescribed Wells Area 


EPBC Act Environment Protection and Biodiversity Conservation Act 1999 
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Foreword 


The Great Artesian Basin (the Basin) is one of the largest underground freshwater resources in the 


world. It underlies approximately 22% of Australia – an area of over 1.7 million square kilometres 


beneath arid and semi-arid parts of Queensland, New South Wales, South Australia and the 


Northern Territory. Approximately 70% of the Basin lies within Queensland. 


The Basin is a highly valued water resource which provides diverse benefits and opportunities. Basin 


springs have enabled Aboriginal and Torres Strait Islander people to occupy dry inland areas of 


Australia for more than 40,000 years, and communities maintain cultural, social and spiritual 


connections with Basin springs and their associated ecological communities and landscapes. 


The provision of drinking water through domestic bores and town water supply has been essential to 


the development of regions within the Basin and is used in more than 120 towns and settlements. 


The estimated consumptive use of Basin water supports at least $12.8 billion of production each 


year. The consumptive water uses by stock (pastoral and intensive), irrigation, mining, electricity and 


gas industries are all of high economic value. The use of Basin water adds economic value to regional 


resources (land and minerals) and underpins economic activity and employment across the region. 


Significant public and private funds have been spent on developing and protecting the Basin water 


resource to support its economic, social and environmental values. On-farm investment has been 


significant with a total of 50,475 bores in the Basin. Although the vast majority of these bores are 


less than 200 metres deep, more than a thousand bores are deeper than 1200 metres. 


In some areas, artesian water is used in mineral spas and tourists are attracted by the cultural and 


natural history of springs that are developed as visitor sites. Tourist developments across the Basin 


rely on artesian water pressure being maintained. 


The wellbeing of present and future generations of Australia depends on the sound management of 


our natural resources. Sustainable groundwater management is critical to the long-term productivity 


and profitability of the Basin’s economy, the viability of rural communities and the protection of 


associated biodiversity, cultural and heritage values. 


This Strategic Management Plan builds on the outcomes and actions of the first Strategic 


Management Plan agreed in 2000, and takes a principles-based approach to guiding governments, 


industry and the community in managing this important resource together. 


Vision 


The Great Artesian Basin is managed judiciously through the optimal use of the water for present 


and future generations in a manner that upholds the values of the Basin and maintains water-


dependent ecosystems by governments, communities and industries working together. 


Purpose 


This Strategic Management Plan (the Plan) provides a framework to guide the actions of 


governments, Aboriginal and Torres Strait Islanders, water users and other interests in their 


endeavour to achieve economic, environmental, cultural and social outcomes for the Great Artesian 
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Basin and its users. Implementation of the Plan will assist all parties to identify and respond to the 


risks, issues, challenges and opportunities associated with use of Basin water. 


Scope 


The Plan is not a statutory document; instead it fosters collaborative management between users to 


achieve agreed objectives and outcomes. The Plan is built on management principles and contains 


values, objectives and desired outcomes that will help achieve continued improvement in the 


management of the Basin. 


The Plan has a life of 15 years to 2034 and will be reviewed every five years to check progress. 


While the Plan applies specifically to the Basin and its water resources, there are overlapping natural 


resource planning and management processes to be considered. Areas of overlap are identified in 


this document. 


Context 


The Plan has been developed within agreed national water policy frameworks. 


The groundwater resources of the Basin are managed by the governments of New South Wales, 


Queensland, South Australia, and the Northern Territory (Basin governments), with national policy 


and water resources information support provided by the Australian Government. Basin 


governments authorise the taking of groundwater under specified conditions. 


The Plan seeks to deliver outcomes for the Basin through an adaptive, evidence-based risk 


management approach. This means accurate and timely information will be used to guide decisions 


of regulators, investors, water users and other interests. Governments will use the Plan to assist in 


the development of policies, management and investment plans that meet objectives for the Basin. 


Investors, water users and other interests can use the Plan to guide decisions concerning their use 


and management of the Basin resources. 


In implementing the Plan, water users and other interests will play important roles in providing input 


and evidence to help ensure compatible Basin-wide responses to risks and development 


opportunities. The Plan provides for a coordinated governance structure drawing on the knowledge 


and expertise of all interested parties to develop robust Basin-wide perspectives that strengthen 


understanding and confidence in decisions about use of Basin water. 


Previous Basin-wide achievements 


Basin governments have been working with water users and others to manage the Basin since early 


last century due to its importance to inland Australia (Appendix A). Only a decade into the water use 


expansion of the late 19th century, falling water pressures and reduced flows dashed hopes for an 


inexhaustible water supply from the Basin. Basin governments first met in 1912 to discuss the 


implications of water lost through uncontrolled bores and open bore drains. Over subsequent 


decades the limitations of water delivery technology and poor understanding of the Basin and its 


values restricted responses to addressing these problems. In the second half of the 20th century, 


improvements in water infrastructure technologies and understanding of the Basin enabled 


governments to work with landholders to control uncapped bores and replace open bore drains with 


pipes. 
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The Plan builds on the progress of the previous 15-year plan, and seeks to address outstanding 


Basin-wide management issues and guide decisions that respond to emerging issues and challenges. 


A summary of the achievements during the first Strategic Management Plan are at Appendix B. 


A major focus of the first Basin-wide plan, which was released in 2000, was to assist Basin 


governments and landholders in negotiating strategies and timings for bore rehabilitation and to 


coordinate efforts to rehabilitate hundreds of uncontrolled bores and remove more than 30,000 km 


of open bore drains (SKM 2014). The plan’s achievements were underpinned by the Great Artesian 


Basin Sustainability Initiative (GABSI program), a funding initiative negotiated between 


Commonwealth and state governments and water users to cap (control artesian flow) and pipe (pipe 


water to troughs) pastoral bores across the Basin. 


Key achievements of the previous plan include: 


 From 1999 to 2017, Commonwealth and state governments invested $248 million into the 


Basin through the GABSI program for improving water infrastructure (Appendix C) 


– 750 bores have been capped, rehabilitated or decommissioned 


– 21,390km of open bore drains have been piped 


– 250GL of water is being saved each year. 


 Water pressure in parts of the Basin has been restored (see Appendix D). 


 Health of naturally occurring springs has been maintained or improved. 


 The profile of the Basin and understanding of its structure and dynamics has been raised 


among its users and community members. 


 With this knowledge, respect of the Basin and the importance of its sustainable management 


has grown. 


 Substantial improvements in policy, planning and management have also been achieved, 


including the development of state water management plans and policy support, changed 


community attitudes concerning the need for judicious use of Basin resources (see Appendix 


B). 


The previous plan was reviewed in 2015 by the Australian Government in consultation with the 


Great Artesian Basin Coordinating Committee (GABCC) and the Basin governments. The outcomes of 


the review are published in Future Directions for the Management of the Great Artesian Basin 


(Commonwealth of Australia 2015). The review noted the following major achievements since 2000: 


 Finding 1: ‘There has been continual improvement in the awareness of Basin water 


management issues by landholders, communities and other water users as a result of the 


GABSI program, the GABCC and implementation of the Strategic Management Plan.’ 


 Finding 6: ‘Monitoring of artesian pressure and flow where bores have been capped and piped 


in the last 20 years shows that previously declining artesian pressure appears to be stabilising 


and/or improving in those areas’ (see also Appendix D). 
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 Finding 10: ‘The removal and reduction of bore drains (such as through the GABSI program) 


has been an effective management tool to address water wastage, seepage and evaporation 


and reduce the adverse environmental impacts associated with bore drains such as weed and 


pest incursions.’ 


 Finding 29: ‘The current Basin governance arrangements have facilitated consultation and 


communication with jurisdictions and stakeholders. The GABCC in particular has contributed 


to the proactive identification and discussion of whole-of-basin water management issues for 


water managers and governments.’ 


 Finding 32: ‘Over the life of the Strategic Management Plan, the GABCC has held productive 


and constructive discussions that have provided considered advice to ministers. As the 


Strategic Management Plan has progressed, the relationship of stakeholders with government 


representatives has created a culture of trust and respect. The level of understanding of Basin 


water management issues among non-government members has strengthened over time 


from these relationships.’ 


Issues, challenges and opportunities 


A range of issues, challenges and opportunities framed the development of the new Plan and 


supported the case for continued cooperative management in the Basin. Some of these are 


unresolved matters identified in the review of the previous plan and some are new or emerging. 


Consultation Themes 


An emerging concern in the Great Artesian Basin, reflected in comments made during public 


consultation on the draft Plan, relates to equity between water users and transparency relating to 


water use. As composition of water users and patterns of use in the Basin continues to change, there 


are particular concerns relating to the quantity of water taken by extractive industries and their 


potential impact on water quality, including on stock and domestic water supplies. There is concern 


that water take for different industries is managed under different legislation within the same state 


and that not all take in the Basin is fully accounted for in a consistent manner. There is a desire for 


all water users to be accountable in order to contribute to maintaining the long-term sustainability 


of the Basin. 


The Plan addresses these concerns in a number of ways. Basin governments agree to implement 


measures aimed at minimising impacts from extractive industries on groundwater recharge and 


groundwater dependent ecosystems. Facilitating full accounting of water taken by all water users 


including the resource extraction industry is an objective of the Plan. Water entitlements should 


have nationally compatible characteristics, with conditions complied with by industries operating in 


multiple jurisdictions. There is a focus in the Plan on aligning Basin management more closely with 


nationally agreed strategies and frameworks, including the National Water Initiative. The Plan 


envisages that scientifically defensible limits relating to both quantity of water take and water 


quality will be established and adhered to. Specifically, measures are to be implemented so that 


features important to natural groundwater recharge are not unduly impacted. 
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Issues noted in the Review of the Strategic Management Plan 2015 


The 2015 review noted a number of ongoing issues that need to be addressed to ensure the social, 


economic and environmental benefits and integrity of the Basin are maintained. These include the 


need for: 


 effective governance arrangements to improve coordination of water management policies 


and practices across the Basin and management actions 


 a clear definition and understanding of the rights and responsibilities of water users across the 


whole Basin, and working to close the gaps in compliance where appropriate 


 a coordinated approach to engage all stakeholders 


 a supply of timely, robust and appropriately presented information to assist in Basin-wide 


decision-making 


 strategies to address persistent wasteful behaviour and practices of some water users and 


associated environmental degradation 


 strategies to address continued declining artesian pressure and increasing rates of extraction 


across some areas of the Basin 


 identifying funding sources that reflect public and private user benefits, to ensure a financially 


sustainable approach to minimising water wastage and the recovery of artesian pressure 


 installing, maintaining and decommissioning water delivery infrastructure in accordance with 


best practice 


 maintaining continued recognition of the Basin as one of the world’s largest and most 


significant groundwater resources. 


The review also documented emerging issues including risks to groundwater that may arise from 


mining and unconventional gas development. It noted (3.1). 


‘It is crucial that water extractions for mining and unconventional gas related activities is transparent 


and accountable, does not compromise the long-term sustainability of the resource, does not erode 


the water rights of other users and minimises any potential third party impacts.’ 


Emerging challenges 


As the demand for Basin resources increases and patterns of use change, there will be increasing 


competition between water users and changes to the nature, magnitude and significance of impacts 


caused by water extraction. Emerging challenges may include: 


 injection of gases 


 injection of water (for future use or to maintain aquifer pressures) 


 large resource developments 


 unconventional gas extraction 
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 geothermal power. 


These new and emerging issues may impact both water quantity and quality. To meet increasing 


demand, the use of new technologies to maximise the efficiency of Basin water use is encouraged to 


meet user demands in terms of quantity and quality. 


Blackall Bore, Queensland 


 


Extractions from the Basin are estimated at 451,000 megalitres per year (ML/yr) (Frontier Economics 


2016). The pastoral industry is the largest water user in the Basin, licensed to use an estimated 


187,000 ML/yr or 41% of Basin water extraction. The industry generates more than $4 billion 


annually in the Basin and uses water delivery infrastructure worth more than $5 billion. The second 


largest water user is the irrigated agriculture sector, which uses an estimated 109,000 ML/yr (25%) 


and generates $58 million. 


A mix of mining, intensive stock and other industries consumes 57,000 ML/yr (12%) and the 


gas/petroleum industry, which is a growing water user and using mostly co-produced water, 


consumes 87,000 ML/yr (19%). The mining and petroleum industries generate annual economic 


value of $6.3 billion in mining and almost $2 billion in gas. 


Additionally, more than 120 towns rely on the Basin for water supply, consuming more than 


40,000 ML/yr or 9% of Basin water (Frontier Economics 2016). 


Each user group undertakes water management practices to meet their specific water needs. Each 


sector’s water extraction creates impacts that may generate unacceptable risks and offer 


opportunities to develop efficiencies that reduce the amount of water required. 


Accurate assessments of water use and entitlement arrangements are essential to ensure long-term 


water access for water users. 


Opportunities 


These opportunities for Basin improvements are aimed at delivering outcomes that promote the 


principles identified in the Strategic Management Plan. 
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 Increase stakeholder awareness that the Basin is a declining and finite resource (Smerdon et 


al. 2012). The Basin’s water resources require judicious use and stewardship of the remaining 


water pressure, temperature and water quality to ensure that its benefits continue to be 


available for as long as possible. New demand should not affect the improvements coming 


from the previous plan. 


 Develop frameworks to manage third party impacts consistently across industries and 


geographic locations. 


 Develop adaptive management approaches to accommodate changes in artesian pressures. 


For example, increasing water pressures in some areas are resulting in artesian flow 


management now being required at bores not previously required during the current 


landholder tenure. Conversely, continuing decline in artesian pressures in other areas may 


require installation of pumping infrastructure if artesian conditions cease. 


 Review maintenance and decommissioning practices for water delivery infrastructure to 


enable a long term approach to be implemented within the Basin which reduces the risk of 


structural failure, water loss and loss of artesian pressure. 


 Improve cross-border management of groundwater resources through coordination of water 


management and related policies and practices across the Basin. 


 Examine impacts of emerging and new Basin water users on water consumption, quality and 


pressure. 


 Develop the monitoring and accounting required to enable tracking of water use and resource 


condition to drive decision making, particularly on climate change and new, emerging or 


expanding uses. 


 Develop mechanisms to address non-adopters and ensure water use practices across the 


Basin are of a best practice minimum standard, including identification of mechanisms to 


address the persistence of wasteful practices. 


 Recognising and conserving non-use values in biodiversity resources and cultural heritage 


values that rely on Basin water, including listed springs and threatened species. 


 Clearly define rights and responsibilities of water users, in order to minimise gaps in 


compliance and inadequate water use reporting. 


 Promote the timely and robust collection of information for use as the basis for decision-


making. 


 The need to better understand and account for the effects of changing land use and other 


activities on recharge areas. 


 Account for extraction-induced impacts between aquifers of the Basin, both artesian and non-


artesian aquifers. 


 Assess, and respond to the effects of climate change on long-term management of the Basin, 


both on recharge rates and water usage patterns. 
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 Support the development of skills and knowledge in the community to potentially assist in the 


provision of bore construction and maintenance, water delivery infrastructure design, and 


asset condition monitoring activities. 


 Assessment of the changing populations and related economies in parts of the Basin. 


 Recognising the need to maintain ongoing urban water infrastructure within the Basin as it is a 


core water supply source for many towns. 


 Establish a proactive Basin-wide governance structure and process to maintain the profile of 


the Basin and ensure effectiveness of the evidence-based risk management approach. 


 Implement compatible policy approaches to strengthen protection of springs, as spring 


discharges and non-spring groundwater dependent ecosystems continue to be threatened by 


human activities. 


 Develop and implement innovative water use efficiencies in all sectors through improved 


technologies and better water management practices. 


 Enable and encourage the beneficial use of co-produced water. Improve information systems 


and increase the accessibility of information. 


 Investigate a long-term funding arrangement for Basin-wide replacement of bores, based on 


lessons learnt from previous funding programs. 


Principles 


Basin governments and community and industry representatives have agreed to seven guiding 


principles for managing the Great Artesian Basin to achieve economic, environmental, cultural and 


social outcomes. 


These principles cover: 


1. coordinated governance 


2. a healthy resource 


3. Aboriginal and Torres Strait Islander values, cultural heritage and other community values 


4. secure and managed access 


5. judicious use of groundwater 


6. information, knowledge and understanding for management 


7. communicate and educate 


The agreed principles capture the collective values and objectives for future Basin management and 


have guided the development of the Plan’s desired outcomes. 
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Mud Springs, Queensland 
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1. Coordinated governance 


Coordinated governance means the Great Artesian Basin jurisdictions of New South Wales, 


Queensland, South Australia, Northern Territory and the Australian Government working together to 


manage the resource on a whole of Basin approach in partnership with communities and industry 


partners. This partnership provides advice to the governments on the productive, environmental and 


other public benefit outcomes to be achieved in a mutually beneficial way within the Basin. 


The Australian and Basin governments and other stakeholders, including water users, have key roles 


in reforming current management practices. Basin governments have a constitutional responsibility 


to protect natural and cultural heritage values and to ensure water is used judiciously to support 


community values and benefits and to minimise third party impacts on all water users. Governments 


may also become involved when market or regulatory frameworks fail and where a public good or 


benefit can be shown. 


The Great Artesian Basin consists of groundwater management sub-units that the individual Basin 


governments are responsible for managing. These sub-units are hydraulically connected to varying 


degrees, both vertically and horizontally, to form a large multi-jurisdictional and nationally 


significant water resource system which spans the three states and a territory. It is desirable for this 


connected water system to be managed under a whole of Basin approach consistent with the 


National Water Initiative whereby the Australian and Basin governments work together to achieve 


whole of Basin outcomes. 


Each government has its own policy and regulatory framework under which it undertakes the 


management of Basin matters, and each directly engages with community and industry in 


developing and implementing that framework. 


Achievement of some outcomes in the Plan rely on the actions undertaken by community and 


industry partners as water users. It will be important that these stakeholders can provide advice to 


the joint governments on whole of Basin approaches to the management of the Basin. The 


coordinated governance system will aim to strengthen and enhance investment and planning 


initiatives of governments and water users, supporting implementation of the Plan with strategy and 


accountability. 


This system will enable the development of Basin-wide perspectives that contribute to more 


effective generation, collection, evaluation and use of information. 


Robust Basin-wide perspectives are important because: 


 Jurisdictional boundaries have no effect on the function of the Basin or on intrinsic values, 


including biodiversity and cultural heritage connections. 


 Artesian pressure is shared, and solutions to water pressure change problems need to be 


shared. 


 Management across jurisdictions needs to be compatible in intent and direction, towards 


shared outcomes and targets. 
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 All jurisdictions and stakeholders have a shared obligation to enable the Basin to provide 


benefits for as long as possible. 


 Actions by one jurisdiction cannot be allowed to produce skewed outcomes detrimental to 


current or improved water use in other jurisdictions. 


 Monitoring, reporting and data sharing need to be consistent across jurisdictions to enable 


coordinated evaluation of impacts and responses. 


 Information sharing and understanding across the Basin builds the levels of understanding, 


confidence and trust required for effective coordinated responses. 


 Entitlements and approvals need to have nationally compatible characteristics to enable 


streamlined management between jurisdictions and include enforceable conditions to be 


complied with by industries and other water users who operate in multiple jurisdictions. 


A coordinated Basin-wide governance system will be established through a set of agreed 


arrangements that enables Basin governments to work together to develop Basin-wide policies and 


management frameworks and to engage and seek advice from communities and industry when 


considering whole of Basin water management. These arrangements will be established in an 


agreement between the respective governments. 


Table 1: Strategic outcomes for coordinated governance 


Objective Outcomes 


Basin governments 


working together to 


manage the Basin 


groundwater system in 


consultation with 


community and industry 


to achieve consistent 


outcomes 


Basin-wide coordinated governance engages Basin governments, 


community and industry in implementation of the Strategic 


Management Plan, to: 


 collectively consider long term management of the Basin 


 actively engage with community and industry on matters of 


importance and provide community and industry advice to Basin 


Ministers 


 enable transparent public reporting 


 enable evaluation of, and public reporting on, implementation of the 


Strategic Management Plan. 
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Peery Springs, New South Wales 


 


Photo provided by NSW Department of Industry - Water 
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2. A healthy resource 


A healthy resource means the Great Artesian Basin groundwater system is under artesian pressure, 


with water flows and quality that continue to support natural ecosystems and supply water for a 


wide range of human activities, including economic, social and cultural uses. 


The health of the Basin can be described in multiple ways. These include water pressure both locally 


and across the Basin, important hydrogeological processes including recharge and discharge, the 


quality of water, and the ecological health of both spring and non-spring groundwater-dependent 


ecosystems. 


Groundwater in the Basin, although substantial, is finite. In most parts of the Basin recharge rates 


have declined over geological time, so the resource is in natural decline (Smerdon et al. 2012). This 


means that, even if humans were not extracting water, the volume of water and water pressure in 


the Basin would continue falling. As the extraction of water has significantly increased the speed of 


this decline, the Plan seeks to encourage actions which ensure judicious use of water by all water 


users. 


The health of the Basin will be impacted by current and emerging demand for water. This demand 


includes the potential expansion of existing industries such as large-scale irrigation and resource 


industries, as well as new users such as geothermal power production and new resource industries. 


Decisions regarding new developments within the Basin are managed under state and territory 


legislation which includes environmental assessment processes. 


Although the volume of water stored in the Basin is enormous, estimated to be 64,900 million ML 


(GABCC 2014), the annual extraction and free-flowing discharge from the Basin is relatively small. 


For example, less than 0.02% of the estimated storage in New South Wales (Department of Water 


and Energy 2009) is extracted annually. However, take has had a significant and relatively rapid 


impact on groundwater heads (water pressure) and flow rates of bores and springs in certain areas. 


The main task over the life of this Plan, relating to the health of the resource, is to ensure current 


and new extraction is managed within agreed limits to stabilise or possibly increase water pressure. 


In addition, activities occurring in the Basin should minimise their impact on the quality of water. 


Recent surveys by Basin governments show that bore rehabilitation and piping has led to the 


stabilisation of water pressure in various aquifers and increases of water pressure in some areas of 


the Basin in recent decades. See Appendix D. 


Groundwater moves slowly through the system. This results in a delay, or lag, in system responses to 


both stress and recharge events. Response time could be hundreds to thousands of years – well 


beyond planning horizons. Due to the inherent hydrodynamic characteristics of the groundwater 


system, it is neither possible nor practical to achieve a balance between recharge and discharge at a 


system scale. Therefore it is far more practical to manage in terms of acceptable groundwater water 


pressure/levels on a local to sub-regional scale. 


Basin recharge and natural discharge 


The Basin can be affected by disruption or modification of recharge and natural discharge areas. 


Recharge occurs on the eastern margins of the Carpentaria, Eromanga and Surat Basins in 
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Queensland and New South Wales, as well as the western margin of the Eromanga Basin in South 


Australia, the Northern Territory and Queensland. On average, less than 3% of the rain that falls on 


recharge areas filters into Basin aquifers. In north Queensland recharge rates are much higher, 


985,000 ML/yr in the Carpentaria Basin compared to 336,000 ML/yr in the Eromanga Basin; this 


recharge has little effect on parts of the Basin south of this region, due to the Euroka Arch acting as a 


natural groundwater flow divide (KCB 2016a). 


Recent research indicates that surface channels and water storage areas may be of critical 


importance to Basin aquifer recharge, especially during heavy rain events. Land use changes can 


mechanically disturb channels and water storage areas and cause silting of river beds that are 


important to sustaining recharge. Changes in vegetation cover, either native or invasive species, may 


affect recharge processes. Recharge may be affected by climate change impacts on both rainfall 


intensity and duration. 


Basin waters discharge into at least 80 waterways, augmenting base flows that help to sustain them 


during times of low rainfall, while other springs discharge through the seabed in the Gulf of 


Carpentaria. 


More than 460 Basin spring groups support unique isolated wetland ecosystems, home to species of 


animals and plants found nowhere else (Fensham et al. 2010). Many of these discharge springs have 


been significantly impacted by declines in flow from water pressure losses. Springs have also 


suffered from land use impacts, including mechanical disturbance to modify outlets to improve 


water access, and others are affected by grazing and weeds (EPA 2005). Basin springs are 


internationally important cultural, spiritual and ecological assets. 


Additional biodiversity and broader environmental values are affected by uncontrolled flows from 


the Basin. For example, bore drains direct water into parts of the landscape where water was not 


previously stored on a permanent basis within natural channels and these channels now support 


pest plant and animal species (GABCC 2011). 


Climate change effects may drive water users to increase their extraction of Basin water as other 


water sources such as surface water or shallow groundwater become less reliable. 


Water extraction 


Extraction rates from the Basin are changing, reflecting improvements in management practices, the 


increased value being placed on Basin water, and resulting in increased benefits to the community. 


For example, in Queensland the annual take of water in 2016 was estimated at approximately 


315,000 ML/yr (NRM 2017), reduced from extraction that peaked at approximately 750,000 ML/yr in 


the 1910s. Stock and domestic water extraction for the pastoral industry is estimated to comprise 


almost 50% of Basin water use (156,000 ML/yr.) within Queensland. Approximately half of this water 


still flows uncontrolled from bores, while the rest is delivered through piped systems which is a 


major improvement over the past two decades. Other uses, including industrial, town and intensive 


agricultural purposes, consume approximately 91,000 ML/yr. The petroleum and coal seam gas 


industry extracts approximately 64,000 ML/yr (20% of Queensland Basin water use), a substantial 


increase from 6,300 ML/yr a decade ago, when it was mostly from conventional oil and gas 


production (Office of Groundwater Impact Assessment 2016). (Note: the above figures are different 


to those within the Frontier Economics 2016 report since this is a specific case study within 


Queensland). 
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There is community concern that new users will affect the security of existing entitlements or 


environmental assets. If take is from areas of current stress, any opportunities to avoid additional 


take and maximise savings through improved efficiency or innovation need to be explored. 


See Consultation Themes for a summary of feedback on water extraction received during the 


consultation period. 


Table 2: Strategic outcomes for a healthy resource 


Objectives Outcomes 


A groundwater system in 


which water flows, 


artesian pressure and 


water quality support 


groundwater-dependent 


ecosystems and provide a 


supply of water that 


meets the needs of 


communities and 


industries 


Improved management 


of Basin groundwater 


recharge and discharge 


processes and the 


ecosystems/springs that 


are dependent on them 


Basin state and territory water resource plans: 


 are evidence-based with all evidence transparent and publicly 


available 


 identify access and extraction risks to Basin water resources 


 set out scientifically defensible extraction limits and management 


measures that sustain the use of the resource, by 2033 


 set out scientifically defensible water quality limits and extraction 


impact management measures that minimise impacts on the Basin 


resources, its users and dependent ecosystems. 


Authorised water users extract groundwater in accordance with limits 


specified in Basin governments’ water resource management plans and 


under their licence or approval conditions, to minimise third party 


impacts. 


Basin governments implement the following outcomes: 


 water resource matters are considered as part of land use planning, 


linked to regional natural resource management plans and activities 


 land use impacts are considered when undertaking water resource 


management and planning for the Basin groundwater system, 


especially around Basin springs and recharge areas 


 risk-based, cost-effective measures are used to manage impacts on 


groundwater flows, artesian pressure and the quality of groundwater 


 industry measures are put in place to minimise impacts from mining 


and other resource extraction on groundwater recharge and Basin 


groundwater dependent ecosystems, including springs 


 water resource management identifies and manages risks to Basin 


springs and other groundwater-dependent ecosystems, and on 


biodiversity and their environmental values 


 where Basin aquifers are identified as having potential for mining 


and other resource extraction, Basin governments may put in place 


management plans for their long-term sustainable management. 


Landholders are encouraged and supported to adopt best management 


practice for managing important physical landscape features that 


support natural recharge and Basin springs. 
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3. Aboriginal and Torres Strait Islander values, cultural heritage and other 


community values 


Those Aboriginal and Torres Strait Islander values, cultural heritage and other community values 


supported by Basin water and deemed to be important by Aboriginal and Torres Strait Islander 


people and other stakeholders are identified and considered as an integral part of the water 


planning and management process. 


Water from the Basin is crucial to the maintenance of numerous natural and cultural resources and 


assets that are considered by the community to have high value. Basin water sustains natural 


biodiversity and ecosystems as well as settings and assets that are recognised as having important 


local, national and international values. 


Aboriginal and Torres Strait Islander values 


Basin water naturally discharged from springs has enabled Aboriginal and Torres Strait Islander 


people to occupy a range of Basin environments, from coastal wetlands to the dry inland, for more 


than 40,000 years. As a result, Aboriginal and Torres Strait Islander communities have enduring 


cultural, social and spiritual connections with Basin springs and their associated ecological 


communities and landscapes (Commonwealth of Australia 2014). Springs and other cultural sites 


must be protected as an integral, intricate component of Aboriginal and Torres Strait Islander 


culture and society and as an essential part of Australia’s cultural heritage. 


Aboriginal and Torres Strait Islander stakeholders of the Basin accept responsibility as traditional 


custodians for ensuring that the management of cultural assets continues to provide cultural, social 


and economic benefits for current and future generations reliant on the resources of the 


Basin. Aboriginal and Torres Strait Islander people need to have a key role in decision-making 


concerning information about cultural sites and need access to Basin water to sustain heritage 


values. 


Cultural heritage and other community values 


Much of the recorded history in central Australia has been built around access to Basin water. Sites 


that help to tell the story of exploration, settlement and development of the Basin are an essential 


part of Australia’s national heritage, and require protection (Commonwealth of Australia 2014). 


The role of the Basin in the history and development of inland Australia remains one of the key 


messages for anyone interested in learning about the Australian story (See Appendix A). Much of the 


interpretative and educational material on historical and contemporary culture in outback visitor 


centres and school curriculum materials focuses on sites supported by Basin springs and bores. 


The cultural heritage of the Basin has important social, cultural and environmental value and is also 


an important part of local economies. The story of the Basin and local histories built around its uses 


are an important tourist attraction. The structure, function and natural diversity of springs are of 


great interest to visitors to northern South Australia and western Queensland. ‘Mineral baths’ using 


Basin water attract visitors to a number of centres. Aboriginal and Torres Strait Islander engagement 


in resource management and tourism is important to a number of communities. 
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Wetlands fed by Basin water may also have a range of social amenity and recreational values that 


are very important to regional communities, visitors and tourists. They may provide important 


educational and leisure settings, a focus for experiencing natural and cultural features and 


biodiversity, and important refuges for both wildlife and people during periods of drought. 


Table 3: Strategic outcomes for Aboriginal and Torres Strait Islander values, cultural heritage and 


other community values 


Objective Outcomes 


Water is available to 


sustain Aboriginal and 


Torres Strait Islander 


values, cultural heritage 


and other identified 


community values that are 


dependent on the Basin 


groundwater system 


Basin governments include provisions in water resource management 


plans to enable access to the groundwater required for sustaining: 


 Aboriginal and Torres Strait Islander values and interests, which 


includes Basin springs 


 cultural heritage values 


 other identified community values. 


Governments ensure that cultural knowledge is integral to governance, 


planning and implementation of Basin management. 


Aboriginal and Torres Strait Islander people have an effective voice in 


coordinated governance arrangements including through 


representation on stakeholder advisory committees within the Basin. 


Basin governments set out strategies to achieve Aboriginal and Torres 


Strait Islander values, cultural heritage and other community objectives 


that are dependent on Basin water resources. 


Tego Springs, Queensland 
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4. Secure and managed access 


Secure and managed access is provided for the environment and authorised water users to have 


secure entitlements to access, extract and use groundwater in accordance with rights and 


responsibilities. 


The rights of all authorised users must have a clear, secure statutory basis, and responsibilities must 


be clearly defined and understood by all water users regardless of access arrangements. Secure and 


managed access increases the certainty of water supply over the long term, an outcome beneficial to 


all Basin water users. 


Safe and reliable water supplies are critical to people who live and operate businesses in the Basin. 


Governments, industries, water users and others need to protect and maintain the resource, 


preserve cultural values and ensure environmental water requirements are understood and met. 


This means that impacts resulting from water extraction need to be clearly identified, accounted for 


and adequately managed to maintain the health of the resource and the greatest long-term benefits 


to the community. 


Both governments and users have important roles to play in delivering secure and managed access. 


Governments have the responsibility to ensure that legislation and relevant state and territory plans 


clearly define water access rights and specify the on-ground activities required of individual water 


users in order to lawfully exercise those rights. Water users have the responsibility of carrying out 


their business in accordance with legislation and the relevant plans. 


Over the period of this Plan, governments and stakeholders will work cooperatively to create a 


culture whereby the rules established in legislation and plans in Basin jurisdictions to manage the 


resource are understood and adopted, including water use measurement and reporting. 


Engagement between water users and regulators regarding water access entitlements needs to be 


open and evidence-based, focusing on identifying the productive, environmental and other public 


benefits that accrue from the proposed water extraction, and the capacity and needs of water users. 


Conditions on licences or approvals need to be stated clearly. These engagement activities would 


help water users understand their water access rights and responsibilities. 


To protect security of access and water quality for water users, it is important to maintain 


compliance and education, with communities, industries and governments playing a critical role. The 


coordinated governance system will help to ensure that entitlements have nationally compatible 


characteristics and streamlined between jurisdictions and are complied with by industries and other 


water users who operate in multiple jurisdictions. 


Compliance programs need to encourage judicious water use through education, knowledge and 


information, with penalties imposed in accordance with compliance frameworks. Partnerships 


between government and industry sectors are encouraged, to provide compliance incentives and 


industry support. Trust and respect in working relationships between users and governments will 


help to ensure that outcomes are accepted and adopted. 


Changing risks to the resource arise from new industries, changing community priorities and 


additional knowledge about water use and Basin hydrogeology. These changes require periodic 


review and adjustment of policies, incentives and compliance programs. This is managed through 
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state and territory water planning processes, and is made more efficient, effective and 


understandable through consideration of Basin-wide perspectives. 


Table 4: Strategic outcomes for secure and managed access 


Objectives Outcomes 


Secure and managed 


access to groundwater for 


authorised water users and 


the environment 


Public confidence that the 


management of 


groundwater access and 


extraction is in accordance 


with agreed statutory 


requirements 


Regulatory frameworks 


facilitating innovative 


solutions and productive 


developments to ensure 


the Basin groundwater 


system is used in a way 


that optimises economic, 


social and environmental 


outcomes 


Full accounting of water 


taken or injected by all 


water users  


Basin state and territory water resource management plans specify: 


 the process in which access to ground water is granted and how 


third party impacts are managed 


 the characteristics of the groundwater resource, the water 


available for extraction and the conditions under which extractions 


can occur 


 strategies to assess risks that could affect those characteristics and 


the allocation and extraction of groundwater. 


Rights and responsibilities associated with Basin state and territory 


authorisations to access and extract groundwater are clearly specified, 


understandable and enforceable. 


Government decisions that affect the extraction of groundwater are 


made in accordance with a transparent process and in consideration of 


Basin-wide perspectives. 


Coordinated governance arrangements enable Basin governments to 


work together to implement complementary 


authorisation/management frameworks, regulations and requirements 


across jurisdictional boundaries which achieves Basin wide outcomes, 


including pressure. 


Extraction and management of groundwater, including water or gas 


storage, disposal and aquifer reinjection, is in accordance with rights 


and responsibilities specified in relevant authorisations. 


Basin governments recognise and foster access to water for Aboriginal 


and Torres Strait Islander people to achieve social and economic 


outcomes. 


Basin governments implement risk-based compliance and education 


programs. 


Basin governments identify, attribute and publicly report costs 


associated with Basin water resource planning and management. 


All authorised groundwater extraction and injection is accounted for 


through applicable tracking and monitoring processes. 
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5. Judicious use 


Judicious use is responsible, productive and efficient use of Basin water that minimises the impacts 


of extraction on groundwater flows and water pressures while meeting requirements for existing 


users, water-dependent ecosystems, and for development where appropriate. 


Judicious use involves authorised users extracting sufficient water to meet their needs and 


implementing practices that improve water use efficiency and reduce wastage. 


Judicious use: 


 is the productive use of water in a way that minimises water wastage 


 is not an end point but a continuous approach to manage the extraction of water 


 requires users and governments to ensure that no more water is extracted than statutory 


requirements allow, and that acceptable benefits accrue from the water extracted 


 commits regulators and users to continue to improve practices to encourage water-use 


efficiencies and increase benefits 


 requires evidence-based risk approach to be implemented for managing water. 


A major outcome of the previous Strategic Management Plan was the removal of a significant 


number of bore drains and uncontrolled bores (through the GABSI program). Noting that several 


states now have water plan objectives setting out a timeline for making the Basin watertight. This 


Plan seeks to complete this work and ensure all other Basin infrastructure is managed to address 


water wastage, seepage and evaporation. 


Government policy and legislation regulates the quantity and rate of water extraction and sets out 


conditions under which authorised users may access water. Coordinated governance processes play 


an important role in promoting judicious use and willing compliance by identifying and enabling 


practices that help to change cultures in industries and other water users. Willing compliance driven 


by knowledge of statutory requirements and the costs and benefits of latest infrastructure 


technologies and management practices is a cost-effective way to achieve water management 


objectives. 


Excessive extraction of Basin water resulted in the decline of artesian pressures across parts of the 


Basin. Declining artesian pressures impede access to artesian water and reduce natural discharge. 


This negatively affects groundwater-dependent ecosystems and associated biodiversity values, as 


well as industries that have traditionally relied on flowing artesian water (Commonwealth of 


Australia 2014). 


Judicious use involves regulators, industries and water users ensuring that all water extractions 


operate within specified conditions and create ways to use water more efficiently as new science, 


risk information, changing conditions and technological developments emerge. This includes 


overcoming trade barriers and encouraging, where appropriate, the trading of water to users who 


will value it the most. Water trade should be encouraged both within and between jurisdictions, in a 
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manner which recognises and protects the needs of the environment and addresses third party 


impacts on existing users. 


All sectors need to share information about the costs and benefits of water-saving strategies, in 


particular new and emerging technologies, and to work cooperatively to develop ways to eliminate 


waste and use water more judiciously. 


Table 5: Strategic outcomes for judicious use 


Objective Outcomes 


Basin water wastage 


minimised and social, 


economic and 


environmental values in 


the Basin enhanced in 


accordance with extraction 


limits 


Through planning, education, information, incentive measures and 


regulatory tools, Basin governments and water users will manage Basin 


water resource extractions, in line with social, economic and 


environmental values, so that: 


 water wastage is minimised 


 authorised water users are encouraged to implement water use 


practices that minimise the amount of groundwater extracted 


 the economic value of Basin water resources increases as a result 


of increased productivity from using Basin water resources within 


agreed extraction limits 


 water resource planning and regulatory frameworks provide for 


effective, efficient and innovative management of groundwater 


access, extraction, injection and use that is responsive to future 


development opportunities 


 water infrastructure owners and operators upgrade and maintain 


groundwater infrastructure to meet Basin state and territory 


standards and minimise water loss, including the capping and 


piping of bores and removal of bore drains consistent with the 


requirements of individual state and territory water resource plans 


 new and emerging risks to the Basin’s water resources are assessed 


and managed under state and territory legislative tools. 


Coordinated governance arrangements assist in identifying and 


promoting practices and culture for judicious use and willing 


compliance among water users across the Basin. 


Basin governments develop mechanisms to allow transfer of water 


access rights within and between jurisdictions, where water systems 


are physically connected and water supply considerations will permit 


trading. 


Basin governments grant new authorisations to extract groundwater 


through processes that maximise the efficiency and productivity of 


water use. 
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6. Information, knowledge and understanding for management 


Information and knowledge generation ensures that accurate, timely and readily accessible 


information supports good management of the Great Artesian Basin. 


The Plan proposes a framework that defines principles, objectives and desired outcomes, and 


suggests that the outcomes be achieved through an adaptive, evidence-based risk management 


approach. In order to succeed, such an approach must be driven by accurate and timely information. 


Readily accessible, relevant, high-quality information can ensure risks are identified and inform the 


development of effective policy. 


The management and use of information is critical to achieving the desired outcomes for each of the 


Plan’s principles. Achieving these outcomes depends not only on building and maintaining a robust 


comprehensive knowledge base but also on ensuring that policy, planning and management 


decisions are based on critical thinking, focused on risk management and supported by a clear 


understanding of the best information available. 


Information has always been a key aspect of making decisions and forming policy in the Basin. 


Hindsight demonstrates that previous policies and water management practices based on 


inadequate information have contributed to unacceptable impacts, including declining water 


pressure and loss of flows to ecosystems. These changes occurred, and were allowed to continue, 


because the resource was not adequately understood or because evidence was not available and/or 


used by decision makers and water users. 


There is an extensive amount and variety of credible information on the Great Artesian Basin. New 


published research and agreements on standardised collection and reporting of monitoring and 


accounting data will ensure that the knowledge base continues to grow. Current and emerging 


technologies may present new opportunities to collect and share information. 


There are still knowledge gaps that affect our ability to understand and manage the Basin. Because 


this water resource is not visible, in the sense that it is not a surface catchment with visible flow 


events and water levels, understanding its nature requires scientific knowledge of the structures, 


processes and dynamics of the groundwater systems that make up the Basin. Also, to ensure the 


best outcomes from use of Basin water resources, it is important that decisions be based on 


understanding the risks posed by cultural practices or economic drivers that may impact on other 


users. Areas that may require new knowledge include climate change impacts, possible water quality 


impacts or impacts on ground dependent ecosystems from new industries or accumulative impacts 


of water extraction. 


Each Basin government will implement ongoing monitoring programs for Basin resources. 


It is also vitally important to understand the distribution, ecology and health of the surface 


ecosystems supported by natural discharge, as they are one of the few surface indicators of the 


health of the whole system (Silcock et al. 2013, Fensham et al. 2016). Understanding the changes 


caused by human activity on both the water stored and the ecosystems affected requires data about 


the nature of the Basin. This must be supported by monitoring of information about the activities 


that cause the changes, leading to changes in policy regarding on-ground activity to improve the 


health of the resource. 
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The remote nature of the Basin, diverse management practices and the private ownership of most 


Basin infrastructure has meant that little consistent or aggregated information about economic and 


social benefits from water use has been available. This lack of knowledge has impacted on 


investment decisions by both water users and governments. 


Information must be derived from meaningful and consistent monitoring of agreed resource 


variables that indicate the condition of the Basin, as well as monitoring of the condition of the 


infrastructure used to access the resource and the ecological systems dependent on it. This 


information must be collected in a transparent and compatible manner and made available to all 


stakeholders. An understanding of how the Basin operates can then be developed and shared over 


time by governments and scientific organisations. 


Kyneton Trough, Queensland 
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Table 6: Strategic outcomes for information, knowledge and understanding for management 


Objectives Outcomes 


Baseline information that 


identifies how the 


hydrology, hydrogeology 


and environment interact 


in Basin water resources is 


sufficiently accurate and 


robust to support decision-


making processes 


Understanding of changes 


that result from extraction 


of Basin water resources, 


developed in a timely 


manner that enables 


management intervention 


The benefits that accrue 


from use of Basin water 


resources understood by 


water users and the 


general public 


The coordinated governance system enables collaborative working 


relationships between researchers, industry, water users and 


governments to improve the Basin-wide information and knowledge 


base by: 


 seeking out, evaluating and using the best available information to 


make evidence-based decisions 


 enabling collection and consolidation of information held by 


governments, researchers, and industry and community interests 


 facilitating improved data quality and consistency 


 investing in the acquisition of: 


– baseline information on the hydrogeological function of the 


Basin groundwater system, including natural recharge and 


discharge processes, water flows, water balances and risks to 


those processes 


– information on biodiversity and ecology of groundwater-fed 


systems, and risks to biota for all parts of the Basin 


 identifying knowledge gaps and priorities for research and for 


development of models and management tools 


 undertaking risk-based monitoring of the Basin groundwater 


system, including: 


– groundwater extraction 


– groundwater resource condition (artesian pressure, water 


quality, environmental values) 


– water infrastructure condition, including inter-aquifer leakage 


 compiling social, economic and cultural heritage values information 


related to the use of groundwater 


 understanding future patterns of development and projected 


water demand within the Basin 


 All of the above supports the preparation of a Basin-wide resource 


condition report every five years. 
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7. Communicate and educate 


Communicate and educate means that water resource management information, including 


information on social, cultural, economic and environmental values, will be publicly available, 


accessible and clearly understandable. 


The challenge is to enable decision makers at all levels to access, understand and use the best 


information available as an integral part of their decision-making process. 


Making the most effective use of the Basin knowledge base in policy development, planning, 


implementation and community education depends on having the capacity to understand, anticipate 


and respond to the information needs of particular audiences. This requires access to robust, timely 


information, followed by preparation of content with appropriate format and timing. A national 


monitoring strategy will be an important tool for reporting the status of the Basin resources across 


all jurisdictions. 


The Plan promotes a culture of judicious water use and improved productivity in each sector. This 


needs to be based on a clear understanding of the conditions under which Basin water resources are 


used, as well as evidence of the impacts and benefits that accrue as a result of the use of these 


resources. 


Using information and dialogue appropriately during policy development, planning and 


implementation helps to build trust, transparency, accountability and acceptance between 


managers, industry and water users. Such relationships are a key to establishing the willing adoption 


of management measures and minimising the need for costly compliance enforcement and 


confrontation. 


Although some aspects of communication, education and dialogue are best handled within Basin 


jurisdictions, there is also a critically important role for Basin-wide information management and 


communication: 


 Perspectives that result from Basin-wide dialogue and critical analysis are often the most 


efficient and effective way to add value, achieve consensus, and generate support for 


decision-making processes. 


 The shared understanding generated in Basin-wide perspectives assists governments to 


strengthen the case for changes that meet management objectives and ensure that outcomes 


are compatible across the Basin. 


 Authoritative Basin-wide perspectives are effective in responding to misinformation which 


may appear in popular and social media. 


Establishing a clear understanding of the national significance of the Basin and the issues concerning 


its use and management in the minds of decision makers, industry and water resource managers and 


members of the wider community helps to ensure that Basin management is allocated a share of 


resources relative to its national importance. The Basin is the largest groundwater resource in 


Australia and is estimated to support close to $13 billion in economic production as well as a wide 


range of social and environmental values (Frontier Economics 2016). Raising the profile of the Basin 
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also encourages industry investment and influences the decisions that industries make about 


operations and water management practices negotiated with governments. 


Communication, dialogue and discussion between various interests based on factual information 


have a wide range of applications that benefit Basin management. No government, regulatory 


agency, industry or interest group involved in the management and use of the Basin will ever reach a 


point where information, education and communication are no longer required. 


Table 7: Strategic outcomes for communicate and educate 


Objective Outcomes 


Basin-wide water resource 


management information, 


including information on 


social, cultural, economic 


and environmental values 


is publicly available, easily 


accessible and 


understandable 


A centralised hub for Basin-wide information is established as part of 


the coordinated governance system to: 


 draw on expertise from governments, water users and other 


interests 


 share information openly 


 assist in identifying and remedying strategic information gaps 


 ensure that Basin information is accessible, understandable, 


reliable, and usable for all levels of decision-making and enquiry, 


and appropriate to target audiences 


 provide a community gateway to authoritative information 


products about Basin groundwater systems, and their values, 


health, management and use. 


Basin governments publicly report information on management of 


Basin groundwater systems. 


A Basin-wide resource condition report is established based on an 


agreed monitoring strategy. It is communicated and updated 12 


months prior to each five-year review of the Plan, to include 


‘dashboard’ indicators of the current state of Basin resources and 


management, and identification of emerging trends, risks, challenges 


and opportunities. The Basin-wide condition report will provide a 


source of information for reviewing state and territory basin 


monitoring programs.  
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Trochidrobia Minuta on Stromatolites at The Blanche Cup Natural Artesian Springs, South 


Australia 


 


Photo: T Gotch 


Implementation of the Plan 


Basin governments, water users and other interests have a joint responsibility to continue to 


improve management of the Basin to sustain important community values, continue to meet the 


needs of water users, and grow the benefits that accrue from Basin water use. The implementation 


of this Plan will assist governments with policy development and management, and support 


industries in their decision making to achieve more judicious use of water. 


Basin governments have statutory responsibilities to provide adequate resources for Basin 


management, with national policy and water resources information support provided by the 


Australian Government. 


Achieving the objectives and desired outcomes of the Plan will require targeted investment by Basin 


governments and the Australian Government commensurate with the risks and threats facing future 


Basin management. Industry and other interest groups should also be encouraged to consider the 
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Plan when making investment decisions within the Basin. This will support active engagement of 


water users and other interests to enable implementation of the Plan through a whole of Basin-wide 


approach. 


Local government and regional natural resource management groups provide an important source 


of local knowledge on social, economic and environmental matters and will be integral to 


implementing the Plan. 


A rolling five-year implementation plan will be developed, be publically available and jointly 


managed by Basin governments in consultation with water users and other stakeholders, to: 


 meet national water management agreements and their respective legislative requirements 


 emphasise the critical role of whole of Basin management 


 continue to enable stakeholders to participate in Basin-wide policy and decision making 


 assist industries and other interests in making management and investment decisions 


 provide information that assists meeting the Plan objectives and raising the profile of the 


Basin 


 apply the coordinated governance principle of the Plan to strengthen and complement 


state/territory and whole-of-Basin policy and management initiatives. 


Implementation plans will be guided by the principles, objectives and desired outcomes in the 


Strategic Management Plan and will include: 


 actions to be taken by governments through water planning processes 


 joint actions to be delivered by multiple governments in partnership 


 activities to be delivered by governments working closely with industry, community groups 


and other stakeholders timeframes within which those actions and activities will occur 


 the commitments required by water users, Basin governments, Australian government, 


industries and other interests to make the implementation plans operational. 
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Appendix A – Why is the Great Artesian Basin important? 


Dimensions – space and time 


The Great Artesian Basin is one of Australia’s great natural resources, with water up to 2 million 


years old. It is also one of the largest underground artesian water reservoir systems in the world. It 


covers an area greater than 1.7 million square kilometres, more than one-fifth of the Australian 


continent, and underlies most of Queensland and parts of New South Wales, South Australia and the 


Northern Territory. 


The Great Artesian Basin is defined as a groundwater basin, encompassing several geological basins: 


the Eromanga, Surat and Carpentaria basins. It also incorporates parts of the Bowen and Galilee 


basins in Central Queensland, the Laura Basin in North Queensland, the Mulgildie Basin in central 


Queensland, and the western part of the Clarence–Moreton Basin in southern Queensland, all of 


which are hydraulically connected. Of the major geological basins, the Eromanga Basin is the largest 


at 1,000,000 km2 and extends across a large part of Queensland, New South Wales, South Australia 


and the Northern Territory. The Surat Basin covers 300,000 km2 in south-eastern Queensland and 


north-eastern New South Wales. The Carpentaria Basin underlies an onshore area of 560,000 km2 in 


northern Queensland, though the sediments of the Carpentaria Basin also extend underneath the 


Gulf of Carpentaria (Smerdon et al. 2012). 


Total water storage capacity is estimated at approximately 64,900 million ML. The depth of the 


sandstone aquifers is up to 3,000 metres in the deepest central parts. Temperatures of water 


coming to the surface are, on average, around 30.5°C, but range upwards to 100°C at some bore 


heads (Commonwealth of Australia 2011). 


The Basin’s significance as a water resource is largely due to its location—it underlies arid and semi-


arid landscapes to the west of the Great Dividing Range. Basin groundwater provides a climate-


independent water supply in areas which often receive low or intermittent supply of rainfall. Under 


pressure in many Basin aquifers, water rises in bores and flows freely to the surface and so can be 


distributed without additional pumping to dams and other stock watering points. The water is often 


good enough quality for most uses, but in some aquifers high sodium levels may make it unsuitable 


for irrigation or human consumption. 


More than 460 spring groups (Miles et al. 2012) support unique isolated wetland ecosystems, home 


to species of animals and plants found nowhere else. Communities of native species which depend 


on the natural discharge of groundwater from the Basin have been declared as endangered 


ecological communities under the Commonwealth Environment Protection and Biodiversity 


Conservation Act 1999. Due to the extent of the Basin its springs support ecosystems in a wide range 


of habitats, from mound springs on the arid margins in the south and west in South Australia and 


Queensland to springs in the Cape York Peninsula where high flows support lush rainforest. 


Basin waters also flow into at least 80 other waterways, augmenting base flows which help to 


sustain them during times of low rainfall, while other springs discharge through the seabed in the 


Gulf of Carpentaria (Commonwealth 2011). 


Water use and value in the Basin 


For Aboriginal and Torres Strait Islanders, the springs across the vast arid interior were often the 


only assured source of water, critical for survival, and were prime sites for hunting. Trade and travel 
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routes evolved around these oases in the desert. They remain precious cultural and sacred sites 


imbued with power – integral to ceremonies and stories, and permeated with the histories of 


ancestors (Commonwealth of Australia 2011). 


Much of the exploration, history and commerce of non-Aboriginal and Torres Strait Islander 


settlement in central Australia is built around access to Basin springs and bores. Early exploration 


and trade from the coast to central Australia depended on Basin springs. The story of the Camel and 


the ‘Afghan’ cameleers centres on access to springs and bores. The overland telegraph followed the 


‘string of springs’ north through the outback of South Australia. The first bore was drilled in the 


Basin near Bourke in 1878. Within the next few decades access to artesian bores changed much of 


the arid and semi-arid part of Australia forever. The settlement of many towns and the evolution of 


the pastoral industry, stock routes, and the mining and petroleum industries is all part of Australian 


heritage supported by the Basin. The construction and operation of the Ghan railway relied on Basin 


springs and bores. Much of the local culture in towns and industries across the Basin is built around 


and continues to be sustained by access to the Basin. Sites which preserve the exploration, 


settlement and development story of the Basin are an essential part of Australia’s national heritage. 


More than 180,000 people live in the area underlain by the Basin and 7,600 domestic, industrial and 


commercial enterprises depend on it as the sole reliable water resource for settlement, 


development and economic activity. Basin water is used in households in more than 120 towns and 


settlements and on hundreds of properties. Many communities avoid water heating systems by 


using naturally hot artesian supplies, while at Birdsville in Queensland hot artesian water is used to 


generate power to supplement the town’s off-grid electricity generation system (Commonwealth of 


Australia 2011). 


The consumptive use of Basin water is estimated to be integral to at least $12.8 billion of production 


annually, including $4 billion in stock, $6 billion in mining and $2 billion in gas. (Frontier Economics 


2016). The Basin’s waters offer considerable potential for increased levels and greater diversity of 


uses, as well as ways of facing future challenges such as climate change and low carbon energy 


sources. However, this diversity of opportunities will lead also to challenges. 


The pastoral industry has long been the largest user of Basin water to water stock. The discovery and 


use of water held underground in the Basin opened up thousands of square miles of country away 


from rivers in inland New South Wales, Queensland, South Australia and the Northern Territory 


which had previously been unavailable for pastoral activities. The pastoral industry generates more 


than $4 billion annually in the Basin and utilises water delivery infrastructure worth more than $3 


billion (Frontier Economics 2016). In some parts of the Basin intensive lot feeding of stock, as well as 


piggeries and poultry production has become an important use of Basin water in recent years. 


The mining and petroleum industries are also major water users, either as co-produced water or 


water extracted to support in industry processes. Mining for copper, uranium, bauxite and opals 


depend on a reliable supply of Basin water. Mining industries also use Basin water for both mining 


and processing of lead, silver, zinc, bismuth, gold, and kaolin (Frontier Economics 2016). The 


extraction of conventional oil and gas, and (increasingly) coal seam gas results in extraction of 


substantial amounts of artesian water as a by-product throughout the life of those projects. 


Basin water is used in a range of tourism enterprises, both in mineral spas and as part of the cultural 


and natural history of outback Australia. The tourism industry includes the outback experience, 



Sonya

Highlight

Most of these people have jobs - makes Santos promise of less than 200 jobs seem irrelevant. 



Sonya

Highlight

by-product not judicious, productive or efficient.



Sonya

Highlight

Many jobs in the GAB associated tourism industry.







Great Artesian Basin Strategic Management Plan  


36 


thermal baths, springs, camel treks, Aboriginal and Torres Strait Islander heritage sites, and the Ghan 


railway (GABCC 2016). 


There are an estimated 50,000 bores across the Basin. The vast majority of these bores are less than 


200 metres deep and draw water from sub-artesian aquifers. However, there are more than 9,000 


artesian bores in the Basin, and more than a thousand of these are deeper than 1,200 metres 


(GABCC 2017). 


Most early bores were not constructed with headworks, and water was allowed to flow freely, 


running into open drains over long distances to water stock with more than 95% of flows lost to 


evaporation and seepage into the soil. The rate of extraction of water led to reduced water pressure 


and flow across the Basin. In turn this reduced both access to artesian water and natural discharge, 


impacting on springs and associated biodiversity values. 
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Appendix B – Past achievements through collaborative partnerships 


The first Strategic Management Plan (SMP) was released in September 2000, developed 


collaboratively as a voluntary non-statutory planning document by the then Great Artesian Basin 


Consultative Council. This document was the first ‘whole of-Basin’ management plan to be adopted 


by all governments responsible for the management of the Basin, to address the critical issues and 


limitations in management identified by Basin stakeholders. The first SMP had a 15 year timeframe 


and detailed a staged process for implementing the strategies and objectives, as well as reviewing 


and reporting progress (GABCC 2009, Commonwealth of Australia 2015). 


In parallel with this SMP, in 1999 the Great Artesian Basin Sustainability Initiative (GABSI) was 


introduced as a joint program between the Australian government and the New South Wales, 


Queensland, South Australia and Northern Territory governments. The program financially 


supported capping of uncontrolled bores and piping of open bore drains, to control water use and 


minimise wastage to improve the health of Basin springs. (See Appendix C). 


Through a coordinated Basin-wide program that included investment in on-ground works, research, 


and the development and dissemination of an improved understanding of the resource, significant 


advances have been made in the management of the Basin under the previous SMP. 


Coordinated governance 


Cooperative management of the Basin has included the co-funding of the Great Artesian Basin 


Consultative Committee by Basin governments and the Commonwealth. The Basin governments and 


the Commonwealth have also co-funded the GABSI to assist landholders cap and pipe. Relationships 


amongst all Basin stakeholders both within and outside government have proven robust over this 


time, and has been assisted by Great Artesian Basin advisory bodies being set up in South Australia, 


Queensland and New South Wales. These bodies have provided a community voice in regard to 


management activities. Recognising the linkages between other cross-state water Basins, meetings 


have occurred with Lake Eyre Basin and Murray-Darling Basin Community Advisory Committees to 


develop joint approaches for coordinated management. 


A healthy resource 


All four Basin governments have expanded their planning frameworks and developed water 


management plans for Basin water resources: Queensland [Great Artesian Basin Water Resource 


Plan (2006) to be superseded by the Great Artesian Basin and other regional aquifers water plan in 


2017], New South Wales [Water Supply Plan for the NSW Basin Groundwater Sources 2008], South 


Australia [Water Allocation Plan for the Far North Wells Prescribed Area 2009] and Northern 


Territory [draft Great Artesian Basin (NT) Water Allocation Plan]. The water management plans set 


limits on the amount of water that can be taken, balancing new development with needs of existing 


water users and the environments (Commonwealth of Australia 2015). 


Over the period of the last SMP significant public and private investment has been made in the 


rehabilitation and maintenance of water bore and water distribution infrastructure in order to 


address historical impacts on artesian pressure and reduce the waste of water. This investment has 


improved the ‘health’ of the Basin. 


Springs and related flows to watercourses, lakes and wetlands have been recognised as having 


significant and unique cultural and ecological values. The community of native species dependent on 
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natural discharge of groundwater from the Basin was listed as a threatened ecological community 


under the Environment Protection and Biodiversity Conservation Act 1999 (Cwth) in 2001. These 


communities are also managed under state laws through the Threatened Species Conservation Act 


1995 (NSW) and both the Vegetation Management Act 1999 and the Environmental Protection Act 


1992 (Qld). 


Aboriginal and Torres Strait Islander values, cultural heritage and other 


community values 


This SMP recognised the need to incorporate Aboriginal and Torres Strait Islander values and 


knowledge into management plans, recognising that cultural values may require a different water 


management approach, and that Aboriginal and Torres Strait Islander enterprises may have water 


requirements similar to other enterprises. 


National water reforms led to all states agreeing to address Aboriginal and Torres Strait Islander 


access to and management of water through legislation and water planning. New South Wales water 


sharing plans provide for access licences for Aboriginal cultural and community development. In 


South Australia the Water Allocation Plan for the Far North Prescribed Wells Area 2009 recognises 


the cultural significance of Aboriginal and Torres Strait Islander water sites. The Northern Territory 


has adopted the Strategic Aboriginal Water Reserve Policy Framework which enables a volume of 


water from the consumptive pool within a Water Allocation Plan area to be exclusively accessible to 


Aboriginal landowners to use or trade for economic and social development outcomes. 


Education packages have been produced for primary and secondary teachers and students. These 


focus on the importance of the Basin to the Aboriginal and Torres Strait Islander people and broader 


cultural heritage of inland Australia. 


The cultural heritage of the Basin not only has important social, cultural and environmental values, 


but is an important part of local economies as well. The story and natural diversity of springs is of 


great interest to visitors in Northern South Australia. The story of the Basin and local history built 


around its uses are important attractions for tourism across the Basin. ‘Mineral baths’ using Basin 


water attract visitors to a number of centres. Aboriginal and Torres Strait Islander engagement in 


resource management and tourism is important to a number of communities. 


Much of the available interpretive and educational material on Aboriginal and Torres Strait Islander 


historical and contemporary culture and local European history and contemporary culture in outback 


Australia centres on access to and reliance on water from springs and Basin bores. 


Further community recognition of the importance of the Basin springs is reflected in special 


conservation areas protected by State legislation. A number of important spring complexes are 


protected in conservation reserves in South Australia including the Bubbler and Blanche Cup along 


the Oodnadatta Track and Dalhousie Springs near the Northern Territory border. Other important 


springs are protected under heritage and other agreements with private landholders. Edgbaston 


Reserve in Queensland was purchased in 2008 with assistance from the Australian Government and 


through private funding directed to the conservation organisation, Bush Heritage Australia. This 


reserve protects two nationally threatened fish: red-finned blue-eye and Edgbaston goby in the 


Basin spring-fed pools (Bush Heritage Australia 2016). 
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Secure and managed access 


Improved policy and the development of water plans with consultative planning strategies in all 


jurisdictions have resulted in good progress to support improved understanding of the rights and 


responsibilities of groundwater users and the licensing of extraction for most sectors of water use. 


Each Basin government manages water extraction from the Basin in line with their own legislation, 


policy and regulatory frameworks. Such arrangements have progressed groundwater management, 


particularly where management rules have been developed in consultation with communities, 


however more progress is required. 


The following achievements have occurred since the first SMP: 


 In South Australia, the Water Allocation Plan (WAP) for the Far North Prescribed Wells Area 


was adopted by the South Australian Government in 2009 and is currently under review with a 


revised plan to be considered by government in 2019. The WAP establishes a framework to 


manage Basin water in South Australia. Almost all Basin water extraction in South Australia 


requires a water entitlement and allocations through a licensing regime (Department for 


Environment and Water 2018) and will align and support the desired outcomes of the Plan. 


 In New South Wales the Water Sharing Plan for the New South Wales Great Artesian Basin 


Groundwater Sources 2008 commenced on 1 July 2008 and is in force until 30 June 2020. This 


Plan sets limits on extraction and establishes rules for sharing water between the different 


types of water users and the environment. It identifies the volume available to landholders 


under their basic right to access domestic and stock supplies and the volume available to 


licensed entitlement holders. It also sets rules for the location of bores to protect access for 


other users and impacts on the environment (Department of Primary Industries and Water 


2017). 


 In Queensland a new Water Plan (Great Artesian Basin and Other Regional Aquifers) 2017 


commenced on 2 September 2017. The Plan provides the framework for the management of 


Queensland’s Basin groundwater, including providing security of supply for current and future 


water users and the protection of groundwater flows to springs and watercourses. The plans 


also broadly defined the areas and circumstances in which water may be taken or made 


available, as well as requirements for ongoing monitoring and reporting. It recognises the 


changed situation in relation to water demand in Queensland and contemporary planning 


policies. New elements in the plan include: improved water efficiency by mandating all 


uncontrolled bore and drains be made watertight by 2027, providing unallocated water 


reserves for the economic aspirations of Aboriginal people and Torres Straight Islanders, and 


simplified water trading in the Basin (Department of Natural Resources, Mines and Energy 


2018). 


 In the Northern Territory the Great Artesian Basin (NT) Water Allocation Plan is currently in 


draft form. The plan is being prepared in accordance with the NT Water Act and NT Water 


Allocation Planning Framework, and will align with and support the desired outcomes of the 


Plan. The volume of water currently extracted from the NT Great Artesian Basin is very small 


in volume relative to estimated storage and is used primarily for remote community water 


supply and stock watering. The draft Plan contains measures for the management of any 
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future large scale extraction (e.g. potential petroleum/gas developments in the Pedirka Basin), 


particularly in the artesian zone, to mitigate potential impacts on water dependent spring 


systems in neighbouring South Australia and Queensland. 


Judicious use 


There have been a wide range of successful strategies implemented across the Basin to eliminate 


wasteful practices over most of the last century to encourage judicious use. At the beginning of this 


SMP implementation phase, the use of flowing bores and bore drains to water stock had been the 


accepted practice sustaining the pastoral industry for a century. Eliminating wasteful water delivery 


practices was not as simple as just asking landholders to accept government subsidies to control 


their bores and replace bore drains. Many landholders had successfully relied on open bore drains 


for generations and were very reluctant to change. They presented a wide range of perceptions that 


suggested that a piped water delivery system would not work effectively in the Basin. Many did not 


have a good understanding of the water infrastructure technologies available and the water and 


land management advantages of installing those technologies. Those who had accessed information 


about piped systems were rightly concerned about the cost of installation and maintenance, the 


reliability of piped systems, and the changes in their business and lifestyle that would be required to 


operate the system sustainably. 


As part of the implementation of this SMP, a number of programs were developed and implemented 


to engage water users and decision makers to more greatly value the Basin resources. These 


programs included education through farm, mining, energy and town water supply extension 


support which helped to embed a more positive approach towards adopting best practices for water 


use that avoids wastage. This information was supported by funding opportunities to support the 


changes needed at ground level. Examples include: 


 The development of the Great Artesian Basin Sustainability Initiative (GABSI) provided 


financial support to pastoral landholders to increase their ability to use water judiciously. To 


date, 759 bores have been rehabilitated and 21,390 kilometres of bore drain have been 


replaced with piping, saving an estimated 253,640 mega litres of water every year. (See 


Appendix C). 


 Dedicated groups within the managing agency in each jurisdiction to assist landholders with 


assessment of bore condition, understanding the water infrastructure technologies available, 


the standards for drilling and installation that are required, and water system planning to help 


them obtain the best outcomes from the investment. 


 The use of bore trusts or cost sharing arrangements between neighbours where appropriate 


to share the cost of bore maintenance and rehabilitation and make the installation of 


distribution systems more efficient. 


 Technical workshops and field days sponsored by governments, CSIRO and suppliers on water 


infrastructure installation and maintenance were held on pastoral properties in each 


jurisdiction. 


 Packages of learning materials designed in collaboration with universities and school 


educators were developed for primary and secondary teachers and students on the natural 


and cultural history of the Basin. The packages also included information on the need to stop 
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wasteful practices and rehabilitate flowing bores. Materials were offered free of charge to 


primary and secondary schools and sent to the schools of the air and mailed to schools where 


children of pastoralists were likely to attend. 


 South Australia included statutory conditions on pastoral water licences, tying water 


allocation to stocking rates on the property and requiring landholders to deliver water to stock 


through a well maintained closed water delivery system. A compliance program was 


implemented in consultation with landholders. Groups other than government and 


landholders also contributed to Basin health. In South Australia Western Mining Corporation, 


and subsequently BHP, contributed to the GABSI program in that state and in Queensland 


several bore rehabilitation projects were sponsored by mining companies. 


The need to eliminate wasteful practices and install and maintain closed water delivery systems has 


now become the accepted practice for delivering stock water in the Basin. Within the life of this 


SMP, the practice of using bore drains to water stock changed, and landholders agreed to invest in 


new stock watering systems, reorganise their land and business management practices and change 


their lifestyle to accommodate piped watering systems. Many landholders have improved their 


productivity and businesses by installing closed stock water systems. They have become advocates 


and encourage peers to operate such systems as the opportunities to strengthen their businesses 


through having greater flexibility in stock management were realised (GABCC 2006). Nevertheless, a 


small percentage of mostly sheep producers still see bore drains as a better water delivery system 


than piping. 


Information, knowledge and understanding for management 


Knowledge of the Basin has been improving with significant investments through the National 


Groundwater Action Plan, and Commonwealth and state-led knowledge initiatives. Scientific 


knowledge of the Basin resource and its connectivity to other surface and groundwater systems has 


significantly increased, and the most important connections are in the recharge zones of the Basin 


(Smerdon et al. 2012). New knowledge on the structure, hydrogeology and water chemistry in the 


Basin, culminating in the Great Artesian Basin Water Resource Assessment and the subsequent new 


information generated for the Hydrogeological Atlas of the Great Artesian Basin (Welsh 2006, 


Smerdon et al. 2012, and Ransley et al. 2015). This knowledge along with associated monitoring 


information can be used to understand the water balance in the Basin. 


Important research on the ecology and natural values supported by Basin Springs has been 


published and reported on as a component of understanding the resource. This has seen the 


community of native species dependent on natural discharge of groundwater from the Basin listed 


as a threatened ecological community under the Environment Protection and Biodiversity 


Conservation Act 1999 (Cwth) in 2001. These communities are also managed under state laws. 


Substantial evidence on the cultural importance of springs to Aboriginal and Torres Strait Islander 


people and to other stakeholders has also been collected and reported (Silcock et al. 2013; Fensham 


et al. 2016). 


Research on human impacts in the Basin has been less studied. The study on Economic Output of 


Groundwater Dependent Sectors (Frontier Economics 2016) provides a recent snapshot of the 


important economic value of this asset and a starting point for developing a process to continue to 


monitor outputs. 



Sonya

Highlight

How can this be expected of farmers then the CSG industry simply wastes water.



Sonya

Highlight

We are not against change, only when change is detrimental to the very core of our life, livelihoods and communities.



Sonya

Highlight
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Work has also been done on landscape changes which have occurred as a result of the improved 


distribution of bore water. A series of national workshops was held in the past decade looking at 


various elements of grazing best practice, technological developments such as remote monitoring 


systems and improved water delivery systems and other industrial water uses that has resulted in 


more efficient water usage. This has also led to the development of policies concerning the 


spreading of water in the pastoral industry and the surface impact of water delivery in the mining 


and petroleum industries. 


The Great Artesian Basin Coordinating Committee (GABCC) established three-year PhD top-up 


scholarships to support research that improved knowledge of the Basin. These have added to 


knowledge and understanding of links between springs and aquifers, and of fish and endemic 


invertebrates in springs and desert waterholes. 


Communicate and educate 


A major focus of this SMP was investigating and compiling an up-to-date knowledge base about the 


Basin and its uses. Much of the work focused on water use by the pastoral industry and the effect of 


uncontrolled bores on water pressure in the Basin. A Basin Resource Study was compiled and 


published along with the SMP in 2000. The Study has subsequently been updated twice to include 


more information about springs, better science on the hydrology of the Basin, and changes in policy 


and management practices. The Resource Study was used as a basis for the development of the SMP 


and helped to identify knowledge gaps which may be limiting the effectiveness of Basin 


management. 


Efforts were made continuously over the life of the Plan to encourage research, investigations and 


reporting to fill strategic gaps in understanding and then to identify opportunities to inform 


decisions and communicate knowledge about the Basin. Copies of these documents can be found on 


the GABCC website. 


Scientific, technical, policy and management presentations on topical subjects and areas of limited 


understanding were programmed at each GABCC meeting. Special Basin conferences, forums and 


workshops were also cooperatively organised by regulatory agencies and the GABCC. Members were 


sponsored to attend and to present at conferences and meetings. Outcomes from these 


presentations and forums were utilised in discussion, advice and information products. 


The GABCC acted as a catalyst to identify relevant expertise and presentations and then provide a 


forum for information sharing. The Committee worked cooperatively with management agencies, 


research groups, and the media to prepare and deliver communication products which informed 


ministers, regulators, water users and other interests. Examples of the range of products that were 


targeted at particular audiences to meet help achieve particular outcomes are: 


 Basin Resource Study (GABCC 2014) 


 Advice and briefings for Basin ministers 


 Basin website containing a variety of credible information 


 Researchers forums and conferences 


 Field days and technical workshops at various locations in the Basin 



http://www.gabcc.gov.au/publications
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 Presentations and displays at conferences 


 Special Basin stalls and presentations at community events around the Basin 


 Media programs and briefings 


 Student and teacher education packages (DSEWPC 2012) 


 Special information packages targeted at particular sectors of water users 


 Booklets, posters and DVDs on the Basin 


 Research prospectus 


 Public meetings and consultation with water users and industry groups 


 Website fact sheets on a variety of subjects and issues. 
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Appendix C – Statistics from the Great Artesian Basin Sustainability 


Initiative 


The Great Artesian Basin Sustainability Initiative (GABSI) was a joint program between the 


Australian, New South Wales, Queensland, South Australian and Northern Territory governments 


and Basin landholders. It has operated for 17 years over four phases of activity. 


Table C.1: Australian Government and State Funding Contributions up to and including 


30 June 2018 


Jurisdiction GABSI 1: 1999-


00 to 2003-04 


($mil) 


GABSI 2: 2004-


05 to 2008-09 


($mil) 


GABSI 3: 2009-


10 to 2013-14 


($mil) 


GABSI 4: 2015-


16 to 2016-17 


$mil) 


Total 


Australian 


Government 


28.386 38.531 44.644 13.401 124.962 


QLD 14.304 22.736 23.706 3.996 64.742 


NSW 12.335 15.595 18.011 2.78 48.721 


SA 1.747 0.200 2.927 6.625 11.499 


Total 56.772 77.062* 89.288 26.802 249.924 


* This total does not include $1.357 million which was provided to WA under GABSI 2 


Table C.2: Estimated* GABSI Phase 3 Landholder Contributions 


State Contributions 


by Year ($mil) 


09-10 


Contributions 


by Year ($mil) 


10-11 


Contributions 


by Year ($mil) 


11-12 


Contributions 


by Year ($mil) 


12-13 


Contributions 


by Year ($mil) 


13-14 


Total 


New South 


Wales 


5.399 3.841 5.527 5.832 7.653 28.252 


South 


Australia** 


- - - - - - 


Queensland 3.293 2.597 2.662 2.467 6.465 17.484 


Total 8.022 7.461 8.337 8.503 13.838 46.161 


* The figures in this table are the estimated land holder contributions shown in the Implementation Plans 
against each year. In some years, severe and unexpected natural events may have caused the landholder 
contributions to be significantly different to those shown. This is likely to have occurred in New South Wales in 
2009-2010 and 2010-2011 and in Queensland in 2010-2011 due to extensive flooding. 


** South Australia has not required landholder contributions in the same manner as New South Wales or 
Queensland. 
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Table C.3: Water Savings (mega litres per annum) up to 30 June 2018 


State Water Saved ML/annum 


New South Wales 68,830 


South Australia 48,961 


Queensland 139,081 


Total 256,872 


Table C.4: Bores Controlled up to 30 June 2018 


State Number of Bores 


New South Wales 311 


South Australia 51 


Queensland 397 


Total 759 


Table C.5: Open Bore Drains deleted (km) up to 30 June 2018 


State Bore drains deleted (km) 


New South Wales 8,558 


South Australia 342 


Queensland 12,491 


Total 21,391 


Table C.6: Piping Installed (km) up to 30 June 2018 


State Piping installed (km) 


New South Wales 15,063 


South Australia 344 


Queensland 16,140 


Total 31,547 


Table C.7: Estimated Remaining Basin Bore capping and piping 


State New South 


Wales 


Queensland3 South Australia Total 


Bores to be controlled1 229 179 23 431 


Bore drains to be deleted (km)2 1,150 3,986 0 5,136 
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State New South 


Wales 


Queensland3 South Australia Total 


Estimated water saving 


(ML/annum)2 


26,600 89,296 365 116,261 


Total estimated cost, ($ mil )2 114 135 1.25 250.25 


1 GABCC – Summary of past drilling activity within the Great Artesian Basin – November 2017 – updated to 
reflect projects completed since November 2017 
2 Great Artesian Basin Sustainability Initiative Value for Money Review – January 2014 – these figures are 
estimates based on state data 
3 Census of Uncontrolled Artesian Bores and Artesian-Fed Bore Drains in Queensland: Bore Summary Report – 
GHD 2019 
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Appendix D – Pressure Trends across the Basin linked to GABSI 


Data collected to date shows that water pressure levels have responded to improved Basin water 


management with differing results ranging from increased water pressure or stabilization through to 


ongoing trends of decline. 


Queensland 


In Queensland data collected for the review of the Great Artesian Basin Water Resource Plan 2006 


showed that based on long term monitoring, groundwater levels across the Eromanga and 


Carpentaria basins have been stabilising and recovering in recent decades. The observed trends 


coincide with the Great Artesian Basin Sustainability Initiative (GABSI) program, as well as longer 


term trends of reducing groundwater extraction. The historical water use assessment suggests that 


extractions peaked in the Eromanga basin, for example, between 1915 and 1928 with an average 


use of over 600 GL/year during this period (Figure D1). After this, until 1990, there is a gradual 


decline due to a combination of declining artesian pressure and declining number of uncontrolled 


bores. From 1990 onwards, there is a significant decline in use to approximately 150 GL/year, due to 


bore rehabilitation and drain replacement programs (KCB 2016b). 


In the Gilbert River Formation of the southern Carpentaria basin, average groundwater level 


stabilised around the 1990s (KCB 2016a). In the Cadna-owie–Hooray Aquifer in the northern 


Eromanga basin, significant declines in average groundwater levels prior to 1940 started stabilising 


after 1940 and began rising after 1990 (Figure D2). A similar pattern is observed in the southern 


Eromanga basin, but with average water levels rising after 2000 (KCB 2016b). 


While in the Gubbermunda Aquifer of the Surat basin, average groundwater levels have been 


declining since the early 1900s, but started approaching stability after 1970. Average water levels 


continue to decline in the Surat Basin as a whole, however, with significant declines occurring in 


some deeper aquifers such as the Hutton Sandstone (KCB 2016c). 


Figure D.1: Trend in water use in the Eromanga Basin (1900 – 2015) in Queensland. (KCB 2016b) 
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Figure D.2: Change in average water levels in the Cadna-owie–Hooray aquifer group in the 


northern Eromanga sub-basin in Queensland. (KCB 2016b) 


 


New South Wales 


Groundwater levels, artesian pressure, artesian flow and temperature are regularly monitored at 


123 sites throughout the Great Artesian Basin within New South Wales. The monitoring network 


includes 29 bores that are equipped with loggers that record data continuously which is telemetered 


so that real time data is available via the internet at 


http://realtimedata.water.nsw.gov.au/water.stm. 


Increases in artesian bore pressure are being observed (Figure D3) across large areas of the New 


South Wales Basin as a result of the capping and piping programs. Over 70% of the bores controlled 


to date are located in the Surat Groundwater Source where the artesian heads and associated 


uncontrolled artesian flows were the largest prior to the implementation of the capping program. 


This area has also seen the greatest recovery of artesian pressure with over 100 kPa (~10 m head) in 


the last decade observed in areas north of Coonamble. 


Signs of pressure recovery and reversal of declining pressure have also been monitored further west 


in the Warrego and Central Groundwater Sources. Although the area of pressure recovery is smaller 


in comparison to the Surat Groundwater Source, there has been significant head recovery monitored 


at individual bores. 


The monitoring has also shown that the rate of pressure recovery appears to be higher in the Surat 


Groundwater Source than in the Warrego and Central Groundwater Sources. 



http://realtimedata.water.nsw.gov.au/water.stm





Great Artesian Basin Strategic Management Plan  


49 


Figure D.3: Area of artesian pressure recovery in NSW 


 


South Australia 


Over the past 20 years in the South Australian Far North Prescribed Wells Area (PWA), the 


groundwater pressure levels of the Basin (J-K) aquifer have remained generally stable. 


In the five years to 2015, and from a total of 19 wells, nine monitoring wells (47%) show a trend of 


rising groundwater pressure levels and three wells (15%) show stable water pressure levels. Rises in 


water pressure levels ranged between 0.04–0.9 m/y, with a median of 0.19 m/y. These wells are 


located around the Oodnadatta region (Figure D.4). The remaining seven monitoring wells (38%) 


show a trend of declining groundwater pressure levels; and these wells are mainly located in the 


William Creek and Howard Springs region (Figure D.4). It should be noted that 10% of all available 


monitoring wells display their lowest level on record in 2015 (Department of Environment, Water 


and Natural Resources 2016). 


The Basin (J-K) aquifer in the Far North PWA has been assigned a green status for 2015 (meaning 


that Positive trends have been observed over the past five years). 


The 2015 status for the Basin (J-K) aquifer is based on: 


 most monitoring wells (63%) showing a five-year trend of rising or stable groundwater 


pressure levels 


 all monitoring wells showing a five-year trend of stable groundwater salinity. 


It should be noted that the majority of these available monitoring wells are concentrated in the 


south-western part of the PWA, and are related to J-K aquifer of the Basin. Therefore, the assigned 


status to the PWA cannot be extended to the whole of the Great Artesian Basin. 
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Although a green status has been assigned to the J-K aquifer of the Basin, steady declines in 


groundwater pressure levels, registered within the BHP Billiton’s Olympic Dam (Wellfield B) 


monitoring network, and salinities increases shown by the Heathgate Resources monitoring 


network, are acknowledged. 


Figure D.4: 2015 status of the groundwater levels in the Basin (J-K) aquifer of the Far North 


Prescribed Wells Area, based on five-year trends from 2011 to 2015 
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As the executive of ABWUA, on behalf of our members, we object to the Narrabri Gas Project. The
objects of ABWUA are:
• To preserve and conserve the water, pressure and health of the Great Artesian Basin
for future generations.

• To co-operate with the New South Wales Government departments relevant to ABWUA
in equitable distribution and beneficial use of Artesian Bore Water.

• To negotiate with the New South Wales Government, the NSW Office of Water or any
other authority, organisation or person on any matters affecting the administration and
equitable distribution of artesian bore water in New South Wales.

• To promote in every legitimate way the interests of the users of Artesian Bore Water in
New South Wales.

• To undertake any legitimate action to preserve and maintain the pressure and the
waters of the Great Artesian Basin.

• Continue working with the NSW government to ensure the ongoing success of the vital
Great Artesian Basin Sustainability Initiative.

Therefore we can only object to the NGP.

Independent science, not science paid for by CSG companies and their mates, shows that the CSG
industry is not worth the risk to our, in many places and especially in times of drought, only water
source. It is not clean and green, it is not economically viable, it will become a white elephant as
renewables  improve  and  come  on  line  and  the  awful  legacy  will  be  left  on  our  hands  in
perpetuity.   An old bushie once asked me when I asked him about the Pilliga, ‘why do you think
there are no big rivers coming out of such a big area?’ I pondered that question and realised that
it is made to be a sponge. It is a recharge area of the GAB, just as nature intended.



Simply  understanding  The  NSW  Water  Management  Act  2000,  The  Water  Sharing  Plan  for  the
NSW Great Artesian Basin Groundwater Sources 2020 and The Water Sharing Plan  for  the NSW
Great Artesian Basin Shallow Groundwater Sources (due 2021) (WSP), NSW Great Artesian Basin
Shallow  Water  Resource  Plan,  (WRP)  The  Great  Artesian  Basin  Strategic  Management  Plan
(federal)  (SMP)  the  relevant  GAB  Murray  Darling  Basin  plans  and  Monitoring,  Evaluation  and
Reporting Plans(MER). This  list does not even  include relevant Gunnedah Oxley Basin acts, plans
etc.

Santos say they will drill through the GAB. This is still interfering with the GAB and so all GAB rules
and  regulations  need  to  be  complied  with.  This  needs  to  be  enforced  and  included  in  the  Final
Conditions of Consent and any other legally binding instrument.

 

The Great Artesian Basin Water Sharing Plan Factsheet
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0019/290332/Factsheet-Changes-to-
the-Water-Sharing-Plan-GAB-WSP.pdf states that “We have updated the estimates in the Great
Artesian Basin Water Sharing Plan for recharge, planned environmental water and the long-term
average annual extraction limit for the Eastern Recharge and Southern Recharge Groundwater
Sources to incorporate new knowledge and updated information, ensuring that the best available
methodology is being used.” The Department retained Klohn Crippen Burger to compile a report
which they then used to increase the estimated recharge rates and increase the extraction limits.
They did not undertake new research, they simply did a desktop study of a few previously
published studies. There is no indication as to why these particular studies were chosen to include.
ABWUA retained Andrea Broughton, a hydrogeologist with one of the best understandings of the
GAB to peer review the KCB report. Her review is contained at appendix 2.

Why were the recharges the only areas done, not Surat, Warrego and Central. If the recharge has
indeed increased and throughflow has increased why were these areas ignored?

The Great Artesian Basin Advisory Group (GABAG)is supposed to oversee the final WSP but did not
do so. It was completed by the Dept and we were told it was finalised – no further feedback from
us.

The  following  table  shows  the  difference  in  recharge,  throughflow,  net  recharge  and  LTAAEL
figures between the Great Artesian Basin Water Sharing Plan 2008 (GAB WSP 2008) and the GAB
WSP 2020.

 

https://www.industry.nsw.gov.au/__data/assets/pdf_file/0019/290332/Factsheet-Changes-to-the-Water-Sharing-Plan-GAB-WSP.pdf
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0019/290332/Factsheet-Changes-to-the-Water-Sharing-Plan-GAB-WSP.pdf


https://www.industry.nsw.gov.au/__data/assets/pdf_file/0003/290307/Factsheet-Eastern-and-
Southern-Recharge-Groundwater-Sources-GAB-WSP.pdf

The whole  increase  in  recharge and therefore extraction rates comes  from the KCB report.  (see
appendix 1). The Dept already admitted the Eastern recharge is over allocated, then they release
more extraction volume.

The  Eastern  Recharge  was  limited  to  extract  32%  of  total  LTAAEL  last  year.  The  available  water
determination  (AWD)  has  been  set  for  this  current  water  year  at  0.25ML  or  25%.  Yet  they  still
increase  the  revised  estimate  from  13,300  ML/yr  to  16,200  ML/yr.  If  you  can  only  use  25%  of
something  and  admit  it  is  overallocated  why  would  you  increase  the  total  amount  available  to
extract?

How  is  the  figure  of  30%  of  net  recharge  committed  as  environmental  water  ascertained?  This
presumes the recharge figures are correct, the throughflow rates are correct and the extraction is
correct. Only access licenses, and not even all of those, are metered so much of these figures are
arbitrary at best. Fundamentally we don’t see any explanation for  the allocation and release   of
new water when the reserve number is based on history of use/ recovery of water basis,  not  a
fundamental  statement  and  understanding  of  actual  sustainability  .  Probable  numbers  do  not
make it sustainable. Has anyone proven it is sustainable?

https://www.industry.nsw.gov.au/__data/assets/pdf_file/0003/290307/Factsheet-Eastern-and-Southern-Recharge-Groundwater-Sources-GAB-WSP.pdf
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0003/290307/Factsheet-Eastern-and-Southern-Recharge-Groundwater-Sources-GAB-WSP.pdf


All these changes and department riding roughshod over set government processes simply make
people suspicious and question why, when already overallocated, is the dept allowing the trade of
more water.

The Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 2020 contains the
following sections that we do not believe Santos can comply with.

Economic objectives
(1) The broad economic objective of this Plan is to provide access to groundwater to
optimise economic benefits for groundwater-dependent businesses and local
economies.
(2) The targeted economic objectives of this Plan are as follows:
(a) to provide groundwater trading opportunities for groundwater-dependent
businesses,
Note. Trading is a generic term referring to dealings under Division 4 of Part 2 of
Chapter 3 of the Act.
(b) to provide access to groundwater in the long term for groundwater-dependent
businesses,
(c) to contribute to the maintenance of groundwater salinity levels within ranges
that maintain a beneficial use category that supports groundwater-dependent
businesses.
Note. Beneficial use category is defined in the Dictionary.

beneficial use category is a water quality categorisation based on salinity which is defined in
the NSW Great Artesian Basin Shallow Water Quality Management Plan, GW13 Water
Resource Plan Area.

CSG is not dependent on groundwater, it is the only industry that treats vital groundwater as a
nuisance by-product.

There are provisions to grant new access licences as out lined in Part 7 of the plan. Section
61 of Water Management Act 2000 (WMA2000) allows additional circumstances in which
minister may grant new access licences. Some circumstances of granting new access licences
are: 1. Through dealings 71Q (assignment of rights - permanent trade) and 71R (change of
water source) 2. Specific purpose access licences as described in Part 7 of WSP 3. Specific
purpose access licences (SPAL) for Utility Access Licence 4. Control allocation of access
licences under section 65 of WMA2000 (eg release of part of the savings made from the Cap
& Pipe the bores) 5. Conveyance access licences For example in Central groundwater source,
the minister has provisions to grant new licences above the current access licence
entitlement of 43 shares as there is unassigned water available due to Cap & Pipe Savings
and also for SPALs.

Does this mean that a minister may just grant new access licenses for CSG or mining even though
we are told they must adhere to the same rules as everyone else?

This Plan may be amended to include provisions for the following:

(a)    managed aquifer recharge,

Note. Managed aquifer recharge schemes involve taking water such as recycled water

or urban stormwater, treating it and then storing it in aquifers under controlled conditions.

This water can then be extracted at a later time.

Can this include reinjection of treated produced water? This idea has been touted at various times
but independent scientific evidence shows this will not work. Please see the report commissioned
by ABWUA regarding the stygofauna which basically keep the GAB water clean. Without them it
would become stagnant dirty water. An example of the perfect equilibrium nature works under,
until we come along and mess it up.

http://www.abwua.com.au/-Research/ArtMID/3343/ArticleID/546553/An-Investigation-of-the-
Stygofauna-Community-in-the-Pilliga-Area-2016-17

http://www.abwua.com.au/-Research/ArtMID/3343/ArticleID/546553/An-Investigation-of-the-Stygofauna-Community-in-the-Pilliga-Area-2016-17
http://www.abwua.com.au/-Research/ArtMID/3343/ArticleID/546553/An-Investigation-of-the-Stygofauna-Community-in-the-Pilliga-Area-2016-17


Whilst it is very hard to overlay maps we believe that some high priority groundwater-dependent
ecosystems are very close to existing Santos Infrastructure.

The same WSP rules  that everyone else has  to abide by must also be upheld by Santos. Drilling
through  the  GAB  is  just  as  risky  as  drilling  into  the  GAB.    If  everyone  else  must  ‘manage  the
construction  and  use  of  water  supply  works  to  minimise  impacts  on  high  priority  groundwater-
dependent  ecosystems  and  groundwater  quality,  Note.  Part  9  sets  provisions  that  manage  the
location,  construction  and  use  of  water  supply  works  to  prevent  impacts  on  high  priority
groundwater-dependent ecosystems and from sources of contaminated water.’ then Santos must
as well. It must also be taken into consideration where the lateral wells are. The allowed distance
(1000m) should not only be from the actual wellhead, it should be wherever the closest point of
the well is to the GDE.

A license for each bore/well must be obtained and is for a set location. Will Santos have to have
each well licensed to ensure it is situated in the correct spot?

There are specific rules stating the minimum distance allowed between construction of wells. How
can Santos have ‘nests’ of wells that are within the minimum 200m of the closest well. The rules
should apply for all.

If there is a case of aquifer drawdown who must bear the burden of proof to say the proponent
caused it? This could be drawn out and expensive and the landowner should not bear the burden
of proof or the associated costs. In Qld when bores ‘go dry’ the CSG company comes and makes
the well deeper. The landowner, in most cases, must sign a confidentiality agreement before they
get their water back. Otherwise they have to take the company to court and this is a protracted
and  expensive  undertaking.  It  must  be  in  the  conditions  of  consent  that  there  are  no
confidentiality agreements and the relevant state dept is advised of all changes to wells/bores.

Santos  must  test  (pressure  and  depth  at  least)  to  provide  baseline  data  before  the  project
commences.

The NGP can not be given the green light on it’s impact alone. We know there are other proposed
gasfields  and  Pels  in  the  north-west  and  the  cumulative  effect  of  all  these  future  wells,  of  an
undetermined number, will have a huge effect on the GAB. Expansion to  include Santos 6 other
proposed  gasfields  as  well  as  other  companies  expansion  into  existing  expired  PELs  will  impact
both the Eastern and Southern Recharges as well as the Warrego groundwater sources.

Cap and pipe. Many farming businesses have spent significant amounts of money, in conjunction
with  Federal  and  State  governments  to  Cap  and  Pipe.  This  has  resulted  in  pressure  and  water
savings in the Great Artesian Basin (GAB). We can not allow the ‘dewatering’ of aquifers to undo
all the great work paid for by these people, not paid for by the CSG companies.

Santos have had 30 or more years in Queensland to come up with a method of salt/brine disposal.
Leaving it in pits or storage bunkers can not be allowed. Even with tarps or containment cells like



at Leewood no method of containment will last forever and eventually will degrade and the salts
will leach in to the water table below. That is if it has not been destroyed by a flood.

Santos has signed ‘agreements’ to provide their gas to new industries in Narrabri which will bring
jobs.  But  where  is  the  water  coming  from?  These  industries  are  very  water  intensive.  There  is
plenty of information out there showing what happens when industry comes to town. Whitehaven
can afford  to outbid  farmers  for water  so  they can wash coal and water  roads. Obviously more
important  than  growing  food!  They  say  they  need  the  water  to  keep  their  employees  in  work.
What  about  the  employees  of  the  farmers?  They  also  buy  local  properties,  destroying  more
community  just  to  get  more  water.  So  we  already  have  one  industry  that  can  take  most  of  the
water.  Where  is  the  water  going  to  come  for  these  new  industries?  Another  bidder  to  pay
exorbitant  rates  and  keep  the  farmers  out  of  the  market?  More  jobs  in  industry  –  less  in
agriculture. If they have been promised the produced water have they actually tested it to see if it
is fit for purpose? Who is then responsible for the salt etc?

 

Due to coronavirus and having children at school and uni and selling a house in Queensland I have
not  been  able  to  read  all  the  information  I  wanted  to  and  provide  you  with  dot  points.  I  have
included edited versions of the GAB WSP and SMP with comments.

Life has interfered in the fight for our water again.

I do not envy you the task ahead.

 

Thank you,

Sonya Marshall

Bachelor of Business (Agribusiness)

Graduate Diploma in Financial Management

Minister appointed member of Great Artesian Basin Advisory Group

Secretary/treasurer Artesian Bore Water Users Association of NSW Inc.

 

 

 



 

 
 
 

OBJECTION 
 

The Artesian Bore Water Users of NSW Inc. (ABWUA) is the umbrella organisation of both bore water trusts and private 

bores in NSW.  

Many of our members rely either solely or heavily on water from the GAB for their livelihoods and their lives. This fact 

ensures that the health and longevity of the GAB is an emotive issue. Without GAB water parts of Australia will be 

uninhabitable as identified in the Draft Great Artesian Basin Strategic Management Plan (DSMP) regarding the history 

of the GAB.  

Without the GAB the map of Australia is irreparably changed. This can not be a practise run in risk management. If we 

get it wrong this will be the new Australia. 

 

 
As the executive of ABWUA, on behalf of our members, we object to the Narrabri Gas Project. The objects of ABWUA 
are:  



• To preserve and conserve the water, pressure and health of the Great Artesian Basin for future 

generations.  

• To co-operate with the New South Wales Government departments relevant to ABWUA in equitable 

distribution and beneficial use of Artesian Bore Water.  

• To negotiate with the New South Wales Government, the NSW Office of Water or any other 

authority, organisation or person on any matters affecting the administration and equitable distribution 
of artesian bore water in New South Wales.  

• To promote in every legitimate way the interests of the users of Artesian Bore Water in New South 

Wales.  

• To undertake any legitimate action to preserve and maintain the pressure and the waters of the Great 
Artesian Basin.  

• Continue working with the NSW government to ensure the ongoing success of the vital Great 
Artesian Basin Sustainability Initiative.  

Therefore we can only object to the NGP.  

Independent science, not science paid for by CSG companies and their mates, shows that the CSG industry is not worth 

the risk to our, in many places and especially in times of drought, only water source. It is not clean and green, it is not 

economically viable, it will become a white elephant as renewables improve and come on line and the awful legacy will 

be left on our hands in perpetuity.  An old bushie once asked me when I asked him about the Pilliga, ‘why do you think 

there are no big rivers coming out of such a big area?’ I pondered that question and realised that it is made to be a 

sponge. It is a recharge area of the GAB, just as nature intended.  

Simply understanding The NSW Water Management Act 2000, The Water Sharing Plan for the NSW Great Artesian Basin 

Groundwater Sources 2020 and The Water Sharing Plan for the NSW Great Artesian Basin Shallow Groundwater Sources 

(due 2021) (WSP), NSW Great Artesian Basin Shallow Water Resource Plan, (WRP) The Great Artesian Basin Strategic 

Management Plan (federal) (SMP) the relevant GAB Murray Darling Basin plans and Monitoring, Evaluation and 

Reporting Plans(MER). This list does not even include relevant Gunnedah Oxley Basin acts, plans etc.  

Santos say they will drill through the GAB. This is still interfering with the GAB and so all GAB rules and regulations need 

to be complied with. This needs to be enforced and included in the Final Conditions of Consent and any other legally 

binding instrument.  

 

The Great Artesian Basin Water Sharing Plan Factsheet 

https://www.industry.nsw.gov.au/__data/assets/pdf_file/0019/290332/Factsheet-Changes-to-the-Water-Sharing-

Plan-GAB-WSP.pdf states that “We have updated the estimates in the Great Artesian Basin Water Sharing Plan for 

recharge, planned environmental water and the long-term average annual extraction limit for the Eastern Recharge 

and Southern Recharge Groundwater Sources to incorporate new knowledge and updated information, ensuring that 

the best available methodology is being used.” The Department retained Klohn Crippen Burger to compile a report 

which they then used to increase the estimated recharge rates and increase the extraction limits. They did not 

undertake new research, they simply did a desktop study of a few previously published studies. There is no indication 

as to why these particular studies were chosen to include. ABWUA retained Andrea Broughton, a hydrogeologist with 

one of the best understandings of the GAB to peer review the KCB report. Her review is contained at appendix 2.  

Why were the recharges the only areas done, not Surat, Warrego and Central. If the recharge has indeed increased and 

throughflow has increased why were these areas ignored? 

The Great Artesian Basin Advisory Group (GABAG)is supposed to oversee the final WSP but did not do so. It was 

completed by the Dept and we were told it was finalised – no further feedback from us. 

The following table shows the difference in recharge, throughflow, net recharge and LTAAEL figures between the Great 

Artesian Basin Water Sharing Plan 2008 (GAB WSP 2008) and the GAB WSP 2020. 

https://www.industry.nsw.gov.au/__data/assets/pdf_file/0019/290332/Factsheet-Changes-to-the-Water-Sharing-Plan-GAB-WSP.pdf
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0019/290332/Factsheet-Changes-to-the-Water-Sharing-Plan-GAB-WSP.pdf


 

 

https://www.industry.nsw.gov.au/__data/assets/pdf_file/0003/290307/Factsheet-Eastern-and-Southern-Recharge-

Groundwater-Sources-GAB-WSP.pdf 

The whole increase in recharge and therefore extraction rates comes from the KCB report. (see appendix 1). The Dept 

already admitted the Eastern recharge is over allocated, then they release more extraction volume. 

The Eastern Recharge was limited to extract 32% of total LTAAEL last year. The available water determination (AWD) 

has been set for this current water year at 0.25ML or 25%. Yet they still increase the revised estimate from 13,300 ML/yr 

to 16,200 ML/yr. If you can only use 25% of something and admit it is overallocated why would you increase the total 

amount available to extract? 

How is the figure of 30% of net recharge committed as environmental water ascertained? This presumes the recharge 

figures are correct, the throughflow rates are correct and the extraction is correct. Only access licenses, and not even 

all of those, are metered so much of these figures are arbitrary at best. Fundamentally we don’t see any explanation for 

the allocation and release  of new water when the reserve number is based on history of use/ recovery of water 

basis,  not  a fundamental statement and understanding of actual sustainability . Probable numbers do not make it 

sustainable. Has anyone proven it is sustainable? 

https://www.industry.nsw.gov.au/__data/assets/pdf_file/0003/290307/Factsheet-Eastern-and-Southern-Recharge-Groundwater-Sources-GAB-WSP.pdf
https://www.industry.nsw.gov.au/__data/assets/pdf_file/0003/290307/Factsheet-Eastern-and-Southern-Recharge-Groundwater-Sources-GAB-WSP.pdf


All these changes and department riding roughshod over set government processes simply make people suspicious and 

question why, when already overallocated, is the dept allowing the trade of more water.  

The Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 2020 contains the following sections 

that we do not believe Santos can comply with.  

Economic objectives 
(1) The broad economic objective of this Plan is to provide access to groundwater to 

optimise economic benefits for groundwater-dependent businesses and local 

economies. 

(2) The targeted economic objectives of this Plan are as follows: 

(a) to provide groundwater trading opportunities for groundwater-dependent 

businesses, 
Note. Trading is a generic term referring to dealings under Division 4 of Part 2 of 
Chapter 3 of the Act. 

(b) to provide access to groundwater in the long term for groundwater-dependent 

businesses, 

(c) to contribute to the maintenance of groundwater salinity levels within ranges 

that maintain a beneficial use category that supports groundwater-dependent 

businesses. 
Note. Beneficial use category is defined in the Dictionary. 

beneficial use category is a water quality categorisation based on salinity which is defined in 

the NSW Great Artesian Basin Shallow Water Quality Management Plan, GW13 Water 

Resource Plan Area. 

CSG is not dependent on groundwater, it is the only industry that treats vital groundwater as a nuisance by-product.  

There are provisions to grant new access licences as out lined in Part 7 of the plan. Section 61 of Water 

Management Act 2000 (WMA2000) allows additional circumstances in which minister may grant new 

access licences. Some circumstances of granting new access licences are: 1. Through dealings 71Q 

(assignment of rights - permanent trade) and 71R (change of water source) 2. Specific purpose access 

licences as described in Part 7 of WSP 3. Specific purpose access licences (SPAL) for Utility Access Licence 4. 

Control allocation of access licences under section 65 of WMA2000 (eg release of part of the savings made 

from the Cap & Pipe the bores) 5. Conveyance access licences For example in Central groundwater source, 

the minister has provisions to grant new licences above the current access licence entitlement of 43 shares 

as there is unassigned water available due to Cap & Pipe Savings and also for SPALs. 

Does this mean that a minister may just grant new access licenses for CSG or mining even though we are told they 

must adhere to the same rules as everyone else? 

This Plan may be amended to include provisions for the following: 

(a) managed aquifer recharge, 

Note. Managed aquifer recharge schemes involve taking water such as recycled water 

or urban stormwater, treating it and then storing it in aquifers under controlled conditions. 

This water can then be extracted at a later time. 

Can this include reinjection of treated produced water? This idea has been touted at various times but independent 

scientific evidence shows this will not work. Please see the report commissioned by ABWUA regarding the stygofauna 

which basically keep the GAB water clean. Without them it would become stagnant dirty water. An example of the 

perfect equilibrium nature works under, until we come along and mess it up. 

http://www.abwua.com.au/-Research/ArtMID/3343/ArticleID/546553/An-Investigation-of-the-Stygofauna-

Community-in-the-Pilliga-Area-2016-17 

Whilst it is very hard to overlay maps we believe that some high priority groundwater-dependent ecosystems are very 

close to existing Santos Infrastructure.  

http://www.abwua.com.au/-Research/ArtMID/3343/ArticleID/546553/An-Investigation-of-the-Stygofauna-Community-in-the-Pilliga-Area-2016-17
http://www.abwua.com.au/-Research/ArtMID/3343/ArticleID/546553/An-Investigation-of-the-Stygofauna-Community-in-the-Pilliga-Area-2016-17


 

The same WSP rules that everyone else has to abide by must also be upheld by Santos. Drilling through the GAB is just 

as risky as drilling into the GAB.  If everyone else must ‘manage the construction and use of water supply works to 

minimise impacts on high priority groundwater-dependent ecosystems and groundwater quality, Note. Part 9 sets 

provisions that manage the location, construction and use of water supply works to prevent impacts on high priority 

groundwater-dependent ecosystems and from sources of contaminated water.’ then Santos must as well. It must also 

be taken into consideration where the lateral wells are. The allowed distance (1000m) should not only be from the 

actual wellhead, it should be wherever the closest point of the well is to the GDE. 

A license for each bore/well must be obtained and is for a set location. Will Santos have to have each well licensed to 

ensure it is situated in the correct spot? 

There are specific rules stating the minimum distance allowed between construction of wells. How can Santos have 

‘nests’ of wells that are within the minimum 200m of the closest well. The rules should apply for all. 

If there is a case of aquifer drawdown who must bear the burden of proof to say the proponent caused it? This could be 

drawn out and expensive and the landowner should not bear the burden of proof or the associated costs. In Qld when 

bores ‘go dry’ the CSG company comes and makes the well deeper. The landowner, in most cases, must sign a 

confidentiality agreement before they get their water back. Otherwise they have to take the company to court and this 

is a protracted and expensive undertaking. It must be in the conditions of consent that there are no confidentiality 

agreements and the relevant state dept is advised of all changes to wells/bores. 

Santos must test (pressure and depth at least) to provide baseline data before the project commences. 

The NGP can not be given the green light on it’s impact alone. We know there are other proposed gasfields and Pels in 

the north-west and the cumulative effect of all these future wells, of an undetermined number, will have a huge effect 

on the GAB. Expansion to include Santos 6 other proposed gasfields as well as other companies expansion into existing 

expired PELs will impact both the Eastern and Southern Recharges as well as the Warrego groundwater sources.  

Cap and pipe. Many farming businesses have spent significant amounts of money, in conjunction with Federal and State 

governments to Cap and Pipe. This has resulted in pressure and water savings in the Great Artesian Basin (GAB). We can 

not allow the ‘dewatering’ of aquifers to undo all the great work paid for by these people, not paid for by the CSG 

companies. 

Santos have had 30 or more years in Queensland to come up with a method of salt/brine disposal. Leaving it in pits or 

storage bunkers can not be allowed. Even with tarps or containment cells like at Leewood no method of containment 

will last forever and eventually will degrade and the salts will leach in to the water table below. That is if it has not been 

destroyed by a flood. 

Santos has signed ‘agreements’ to provide their gas to new industries in Narrabri which will bring jobs. But where is the 

water coming from? These industries are very water intensive. There is plenty of information out there showing what 

happens when industry comes to town. Whitehaven can afford to outbid farmers for water so they can wash coal and 



water roads. Obviously more important than growing food! They say they need the water to keep their employees in 

work. What about the employees of the farmers? They also buy local properties, destroying more community just to 

get more water. So we already have one industry that can take most of the water. Where is the water going to come 

for these new industries? Another bidder to pay exorbitant rates and keep the farmers out of the market? More jobs in 

industry – less in agriculture. If they have been promised the produced water have they actually tested it to see if it is 

fit for purpose? Who is then responsible for the salt etc?  

 

Due to coronavirus and having children at school and uni and selling a house in Queensland I have not been able to read 

all the information I wanted to and provide you with dot points. I have included edited versions of the GAB WSP and 

SMP with comments.  

Life has interfered in the fight for our water again.  

I do not envy you the task ahead. 

 

Thank you, 

Sonya Marshall 

Bachelor of Business (Agribusiness) 

Graduate Diploma in Financial Management 

Minister appointed member of Great Artesian Basin Advisory Group 

Secretary/treasurer Artesian Bore Water Users Association of NSW Inc. 
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Sonya Marshall 

Secretary/Treasurer 

Artesian Bore Water Users Association 

New South Wales 

Australia 

 

 

Dear Sonya, 

 

Thank you for the opportunity to provide a review of the Klohn Crippen Berger report: ‘Southern and Eastern 

Recharge Groundwater Sources: Literature Review and Recommended Recharge Rates’ (February 2020). 

 

I understand Klohn Crippen Berger Ltd (KCB) were retained by the NSW Department of Industry, Planning and 

Environment (DPIE) to ‘conduct a literature review of published recharge mechanisms and collate existing 

estimates of recharge for the Great Artesian Basin (GAB), focusing on the Southern and Eastern Recharge 

Groundwater Sources in New South Wales’. As a result of their review, KCB recommended recharge volumes in 

the Southern and Eastern Recharge Groundwater Sources should be increased. 

 

The primary concern the Artesian Bore Water Users Association (ABWUA) has is the increase in extraction limits 

for the Southern and Eastern Recharge Groundwater Sources, when the GAB artesian pressure is still finding its 

equilibrium as the result of the ‘cap and pipe’ project. The proposed increase in the existing 2008 LTAAELs has 

been based on recommended increased recharge volumes by KCB. The DPIE have stated that LTAAELs for the 

Eastern and Southern Recharge Groundwater Sources are equivalent to 70% of the net recharge. DPIE have 

stated that their ‘policy position also remains that 30% of net recharge is committed as environmental water and 

70% is the volume that is able to be extracted (i.e. the extraction limit)’. 

 

ABWUA have retained me to review whether KCB used the best available methods and science in arriving at their 

recommendations. My comments regarding the KCB report are as follows: 
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1. KCB have completed a literature review of 17 reports, most of which are CSIRO and/or Geoscience Australia 

reports. KCB stated: ‘The literature review included in Appendix 1 is not a technical critique of the work done to 

reach the conclusions in each individual report, nor is it an exhaustive review of all reports published or issued on 

recharge in the GAB. Supporting content is accepted as correct and current effort in this review was placed solely 

on gathering knowledge and practical tools in understanding and translating the conceptual understanding of 

recharge processes.’  

 

No comment was given by KCB on why they chose these particular reports. Is this a representative sample? Did 

they cherry-pick? Were there no research publications from any Australian universities which are traditionally 

independent researchers? I believe the UNSW Connected Waters Initiative Research Centre; UNSW School of 

Biological, Earth and Environmental Sciences; and Royal Melbourne Institute of Technology, School of Chemical 

and Environmental Engineering; have and still are investigating in the GAB. I also understand that it is difficult for 

universities to attract research grants from the State and/or Federal governments. 

 

2. KCB state the main aquifers in the Southern and Eastern Recharge Groundwater Source are the Pilliga Sandstone 

and the Keelindi Beds. These are included in the Hooray Sandstone and equivalent aquifer groups, and the Cadna-

owie–Hooray Sandstone and equivalent aquifer groups. The Hutton Sandstone is not hydrogeologically equivalent 

to this group. Based on this KCB use recharge rate research undertaken in Queensland within stratigraphically 

equivalent groundwater units to estimate recharge rates and volumes in the Pilliga Sandstone and Keelindi Beds 

aquifers in NSW. However, topography, landuse, vegetation, soil and climate are important factors also influencing 

recharge rates These were not presented in the KCB report in enough detail to determine recharge rates and 

volumes, and to allow an increase in groundwater use as proposed in the Draft NSW GAB WSP (2020). 

 

3. KCB discussed the four main recharge mechanisms in the Southern and Eastern Recharge Groundwater Source: 

a. Diffuse recharge (rainfall over the landscape) 

b. Preferred pathway flow (fractures along Pilliga Sandstone bedding planes, paleochannels) 

c. Localised recharge (via ‘losing’ reaches of the Namoi River, etc.) 

d. Mountain system recharge (via fan deposits) 

 

KCB noted ‘The study by Barron et al (2010) indicated that annual rainfall was a major factor influencing recharge: 

however, rainfall intensity was more of a contributing factor. This was a common theme across the majority of literature 

reviewed: preferred pathway flow, which requires episodic, high-rainfall events, is the dominant recharge mechanism in 

the intake beds, especially compared to diffuse recharge. Estimating recharge using % of rainfall only does not fully 

capture these events.’ 

 

KCB noted that evaporation is higher than rainfall therefore extreme rainfall events are a major factor in recharge by 

one, some, or all, of the above recharge mechanisms. KCB concluded the dominant recharge mechanism in the Pilliga 

Sandstone aquifer, in the Southern and Eastern Recharge Groundwater Sources, is by preferred pathway flow with high 

intensity rainfall (150mm to 200mm continuous 30 days). This is because the regolith above preferred pathways needed 

to be fully saturated before they could recharge the Pilliga Sandstone aquifer. However, high intensity climate is not 

prevalent in the Eastern and Southern Recharge Groundwater Sources, as they are located in the temperate climate 

zone, whereas the sub-tropical climate zone occupies the northern NSW GAB and into the Queensland GAB where some 

of the references KCB were reviewing were based. 
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4. KCB summarised the various recharge estimation methods as follows: 
a. Saturated Zone chloride mass-balance method (covers all the groundwater recharge pathways: diffuse 

recharge, preferred pathway flow, localised recharge via 'losing' streams, and mountain system recharge) 
b. Unsaturated Zone chloride mass-balance method 
c. % of Annual Rainfall (Rainfall is not the only mechanism affecting recharge: topography, land use, 

vegetation, soil or surficial geology, and the hydraulic properties of the subsurface need to be considered. 
% of annual rainfall is too simplistic). 

d. Groundwater Hydrograph Analysis (best for unconfined aquifers in localised recharge from streams and 
rivers) 

e. Radiocarbon and stable isotope dating (can determine groundwater velocities, which in some situations  
may be related to recharge rates; preferred pathway flow is supported by the occurrence of modern 
groundwater, as shown by age dating, at considerable depth in some bores, indicating a relatively quick 
recharge mechanism…but the bore construction details would need to be known as poorly sealed bores 
are often conduits to recharge from surface water). 

 
KCB looked at diffuse recharge, preferred pathway flow and localised recharge separately based on Kellett et al (2003) 
studies in Queensland intake beds because some aquifers are contiguous with the Pilliga Sandstone aquifer. KCB state 
they are relevant to NSW ‘but may require adjustments for factors such as climate and geology’. Habermahl et al (2009) 
did similar studies and compared diffuse recharge with preferred pathway flow. They found preferred pathway flows 
were higher than diffuse recharge. KCB went along with Kellett et al. (2003) and decided the best way to estimate 
recharge is using the saturated zone chloride mass-balance method. I agree this is a good approach for Southern and 
Eastern Recharge Groundwater Sources as it covers all the groundwater recharge pathways (diffuse recharge, preferred 
pathway flow, localised recharge via 'losing' streams, and mountain system recharge). Smerdon et al (2012a) estimated 
recharge rate using data from a 2011 map of chloride deposition for Australia (Leaney et al 2011), and chloride 
concentration in groundwater from Kellett et al (2003) and Habermahl et al (2009). I would like to know whether Leaney 
et al (2011) mapped any parna-rich sediment (aeolian deposits transported from the inland) in the Eastern and Southern 
Recharge Groundwater area, as these deposits have a high concentration of chloride, as found in the NSW Southern 
Tablelands. 
 
KCB made a point of saying they are not critiquing the historic work which they are using to provide new groundwater 
recharge estimates in the Eastern and Southern Recharge Groundwater Sources. KCB calculated the total recharge rates 
(mm/yr) provided in Table 5.2 by summing the recharge rates from Smerdon et al (2012a) for the updated recharge 
areas of the Southern and Eastern Recharge Groundwater Sources provided in Table 5.1 and Figure 5.1. Kellet et al 
(2003) was based on Queensland studies in equivalent hydrostratigraphic units as the Pilliga sandstone located in the 
NSW GAB, but the topography, etc is not the same. KCB state there must be adjustments made for factors such as 
climate and geology but did not state how they adjusted for climate and geology. 
 

5. KCB wrote that across the majority of the Southern and Eastern Recharge Groundwater areas the recharge rate is 
less than 10mm/yr. However, they stated that up to 47.8mm/year is interpreted in the Pilliga National Park and 
Pilliga State Conservation area which are undeveloped and would receive greater recharge. I presume KCB are 
inferring this is because of the exposed Pilliga Sandstone intake beds in this area? Recharge rates are also higher in 
Eastern Recharge Groundwater Source and attribute this to a change from native to summer crops and irrigation 
in this area. I understand this is because irrigation allows the soil to remain mostly saturated, allowing high 
intensity rainfall to recharge via preferred pathways flow. 

 



 

Groundwater Solutions International, 115 Tasman St, Mt Cook, Wellington 6021, NZ  

|Tel| +64 4 801 9108 |Mob| +64 2 7474 3939 |Email| groundwatersolutionsint@gmail.com Page 4 

 

6. KCB found the recharge fluxes calculated for the Southern and Eastern Recharge Groundwater Sources ‘are an 
order of magnitude comparable to the recharge fluxes used to calculate long-term average net recharge in the 
current WSP for the NSW GAB Groundwater Sources (DWE, 2014)’. These were 106,000 ML/year and 47,500 
ML/year for the Southern and Eastern Recharge Groundwater Sources, respectively. However, KCB did not state in 
their Table 4.1 how DWE estimated recharge fluxes. So how does KCB know DWE did not calculate recharge fluxes 
for the Eastern and Southern Recharge Groundwater Sources using the same method? If they both used the same 
method and are an order of magnitude in difference then this would highlight there is an order of magnitude 
variability in using this method of recharge estimation NOT that DWE underestimated recharge and therefore KCB 
believe there is more groundwater available. 

 

7. KCB state in Section 4.3 'limited information available regarding the impact of future climate variation on 
groundwater resources is currently insufficient to predict future recharge rates and fluxes'. Given the Draft 2020 
GAB WSP is a document for the 'future' then I find this statement to be unsatisfactory. 

 

 

 

Yours sincerely, 

 
Andrea Broughton BSc (Hons) Geology; MAppSc Hydrogeology and Groundwater Management 

Principal Hydrogeologist 

Groundwater Solutions International 



 

Great Artesian Basin Strategic Management Plan  

The Strategic Management Plan has been prepared by the Australian, New South Wales, Queensland, 

South Australian and Northern Territory governments in consultation with the Great Artesian Basin 

Coordinating Committee. 

 

Sandsilt Mound at McLachlan Springs, Kati Thanda-Lake Eyre, South Australia. Photo: T Gotch 
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Geographic extent of the great artesian basin and selected overlying surface water drainage 

divisions. Smerdon et al. 2012. 
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Acronyms 

Term Definition 

The Plan The Great Artesian Basin Strategic Management Plan  

The Basin The Great Artesian Basin 

GABSI Great Artesian Basin Sustainability Initiative 

GABCC Great Artesian Basin Coordinating Committee 

ML Megalitre 

NRM Natural Resource Management 

SMP The Great Artesian Basin Strategic Management Plan 2000-2015 

WAP Water Allocation Plan 

PWA Prescribed Wells Area 

EPBC Act Environment Protection and Biodiversity Conservation Act 1999 
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Foreword 

The Great Artesian Basin (the Basin) is one of the largest underground freshwater resources in the 

world. It underlies approximately 22% of Australia – an area of over 1.7 million square kilometres 

beneath arid and semi-arid parts of Queensland, New South Wales, South Australia and the 

Northern Territory. Approximately 70% of the Basin lies within Queensland. 

The Basin is a highly valued water resource which provides diverse benefits and opportunities. Basin 

springs have enabled Aboriginal and Torres Strait Islander people to occupy dry inland areas of 

Australia for more than 40,000 years, and communities maintain cultural, social and spiritual 

connections with Basin springs and their associated ecological communities and landscapes. 

The provision of drinking water through domestic bores and town water supply has been essential to 

the development of regions within the Basin and is used in more than 120 towns and settlements. 

The estimated consumptive use of Basin water supports at least $12.8 billion of production each 

year. The consumptive water uses by stock (pastoral and intensive), irrigation, mining, electricity and 

gas industries are all of high economic value. The use of Basin water adds economic value to regional 

resources (land and minerals) and underpins economic activity and employment across the region. 

Significant public and private funds have been spent on developing and protecting the Basin water 

resource to support its economic, social and environmental values. On-farm investment has been 

significant with a total of 50,475 bores in the Basin. Although the vast majority of these bores are 

less than 200 metres deep, more than a thousand bores are deeper than 1200 metres. 

In some areas, artesian water is used in mineral spas and tourists are attracted by the cultural and 

natural history of springs that are developed as visitor sites. Tourist developments across the Basin 

rely on artesian water pressure being maintained. 

The wellbeing of present and future generations of Australia depends on the sound management of 

our natural resources. Sustainable groundwater management is critical to the long-term productivity 

and profitability of the Basin’s economy, the viability of rural communities and the protection of 

associated biodiversity, cultural and heritage values. 

This Strategic Management Plan builds on the outcomes and actions of the first Strategic 

Management Plan agreed in 2000, and takes a principles-based approach to guiding governments, 

industry and the community in managing this important resource together. 

Vision 

The Great Artesian Basin is managed judiciously through the optimal use of the water for present 

and future generations in a manner that upholds the values of the Basin and maintains water-

dependent ecosystems by governments, communities and industries working together. 

Purpose 

This Strategic Management Plan (the Plan) provides a framework to guide the actions of 

governments, Aboriginal and Torres Strait Islanders, water users and other interests in their 

endeavour to achieve economic, environmental, cultural and social outcomes for the Great Artesian 

Sonya
Highlight
optimal use, not dewatering and having a waste product
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Basin and its users. Implementation of the Plan will assist all parties to identify and respond to the 

risks, issues, challenges and opportunities associated with use of Basin water. 

Scope 

The Plan is not a statutory document; instead it fosters collaborative management between users to 

achieve agreed objectives and outcomes. The Plan is built on management principles and contains 

values, objectives and desired outcomes that will help achieve continued improvement in the 

management of the Basin. 

The Plan has a life of 15 years to 2034 and will be reviewed every five years to check progress. 

While the Plan applies specifically to the Basin and its water resources, there are overlapping natural 

resource planning and management processes to be considered. Areas of overlap are identified in 

this document. 

Context 

The Plan has been developed within agreed national water policy frameworks. 

The groundwater resources of the Basin are managed by the governments of New South Wales, 

Queensland, South Australia, and the Northern Territory (Basin governments), with national policy 

and water resources information support provided by the Australian Government. Basin 

governments authorise the taking of groundwater under specified conditions. 

The Plan seeks to deliver outcomes for the Basin through an adaptive, evidence-based risk 

management approach. This means accurate and timely information will be used to guide decisions 

of regulators, investors, water users and other interests. Governments will use the Plan to assist in 

the development of policies, management and investment plans that meet objectives for the Basin. 

Investors, water users and other interests can use the Plan to guide decisions concerning their use 

and management of the Basin resources. 

In implementing the Plan, water users and other interests will play important roles in providing input 

and evidence to help ensure compatible Basin-wide responses to risks and development 

opportunities. The Plan provides for a coordinated governance structure drawing on the knowledge 

and expertise of all interested parties to develop robust Basin-wide perspectives that strengthen 

understanding and confidence in decisions about use of Basin water. 

Previous Basin-wide achievements 

Basin governments have been working with water users and others to manage the Basin since early 

last century due to its importance to inland Australia (Appendix A). Only a decade into the water use 

expansion of the late 19th century, falling water pressures and reduced flows dashed hopes for an 

inexhaustible water supply from the Basin. Basin governments first met in 1912 to discuss the 

implications of water lost through uncontrolled bores and open bore drains. Over subsequent 

decades the limitations of water delivery technology and poor understanding of the Basin and its 

values restricted responses to addressing these problems. In the second half of the 20th century, 

improvements in water infrastructure technologies and understanding of the Basin enabled 

governments to work with landholders to control uncapped bores and replace open bore drains with 

pipes. 
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The Plan builds on the progress of the previous 15-year plan, and seeks to address outstanding 

Basin-wide management issues and guide decisions that respond to emerging issues and challenges. 

A summary of the achievements during the first Strategic Management Plan are at Appendix B. 

A major focus of the first Basin-wide plan, which was released in 2000, was to assist Basin 

governments and landholders in negotiating strategies and timings for bore rehabilitation and to 

coordinate efforts to rehabilitate hundreds of uncontrolled bores and remove more than 30,000 km 

of open bore drains (SKM 2014). The plan’s achievements were underpinned by the Great Artesian 

Basin Sustainability Initiative (GABSI program), a funding initiative negotiated between 

Commonwealth and state governments and water users to cap (control artesian flow) and pipe (pipe 

water to troughs) pastoral bores across the Basin. 

Key achievements of the previous plan include: 

 From 1999 to 2017, Commonwealth and state governments invested $248 million into the 

Basin through the GABSI program for improving water infrastructure (Appendix C) 

– 750 bores have been capped, rehabilitated or decommissioned 

– 21,390km of open bore drains have been piped 

– 250GL of water is being saved each year. 

 Water pressure in parts of the Basin has been restored (see Appendix D). 

 Health of naturally occurring springs has been maintained or improved. 

 The profile of the Basin and understanding of its structure and dynamics has been raised 

among its users and community members. 

 With this knowledge, respect of the Basin and the importance of its sustainable management 

has grown. 

 Substantial improvements in policy, planning and management have also been achieved, 

including the development of state water management plans and policy support, changed 

community attitudes concerning the need for judicious use of Basin resources (see Appendix 

B). 

The previous plan was reviewed in 2015 by the Australian Government in consultation with the 

Great Artesian Basin Coordinating Committee (GABCC) and the Basin governments. The outcomes of 

the review are published in Future Directions for the Management of the Great Artesian Basin 

(Commonwealth of Australia 2015). The review noted the following major achievements since 2000: 

 Finding 1: ‘There has been continual improvement in the awareness of Basin water 

management issues by landholders, communities and other water users as a result of the 

GABSI program, the GABCC and implementation of the Strategic Management Plan.’ 

 Finding 6: ‘Monitoring of artesian pressure and flow where bores have been capped and piped 

in the last 20 years shows that previously declining artesian pressure appears to be stabilising 

and/or improving in those areas’ (see also Appendix D). 
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 Finding 10: ‘The removal and reduction of bore drains (such as through the GABSI program) 

has been an effective management tool to address water wastage, seepage and evaporation 

and reduce the adverse environmental impacts associated with bore drains such as weed and 

pest incursions.’ 

 Finding 29: ‘The current Basin governance arrangements have facilitated consultation and 

communication with jurisdictions and stakeholders. The GABCC in particular has contributed 

to the proactive identification and discussion of whole-of-basin water management issues for 

water managers and governments.’ 

 Finding 32: ‘Over the life of the Strategic Management Plan, the GABCC has held productive 

and constructive discussions that have provided considered advice to ministers. As the 

Strategic Management Plan has progressed, the relationship of stakeholders with government 

representatives has created a culture of trust and respect. The level of understanding of Basin 

water management issues among non-government members has strengthened over time 

from these relationships.’ 

Issues, challenges and opportunities 

A range of issues, challenges and opportunities framed the development of the new Plan and 

supported the case for continued cooperative management in the Basin. Some of these are 

unresolved matters identified in the review of the previous plan and some are new or emerging. 

Consultation Themes 

An emerging concern in the Great Artesian Basin, reflected in comments made during public 

consultation on the draft Plan, relates to equity between water users and transparency relating to 

water use. As composition of water users and patterns of use in the Basin continues to change, there 

are particular concerns relating to the quantity of water taken by extractive industries and their 

potential impact on water quality, including on stock and domestic water supplies. There is concern 

that water take for different industries is managed under different legislation within the same state 

and that not all take in the Basin is fully accounted for in a consistent manner. There is a desire for 

all water users to be accountable in order to contribute to maintaining the long-term sustainability 

of the Basin. 

The Plan addresses these concerns in a number of ways. Basin governments agree to implement 

measures aimed at minimising impacts from extractive industries on groundwater recharge and 

groundwater dependent ecosystems. Facilitating full accounting of water taken by all water users 

including the resource extraction industry is an objective of the Plan. Water entitlements should 

have nationally compatible characteristics, with conditions complied with by industries operating in 

multiple jurisdictions. There is a focus in the Plan on aligning Basin management more closely with 

nationally agreed strategies and frameworks, including the National Water Initiative. The Plan 

envisages that scientifically defensible limits relating to both quantity of water take and water 

quality will be established and adhered to. Specifically, measures are to be implemented so that 

features important to natural groundwater recharge are not unduly impacted. 

Sonya
Highlight
quantity of take and what it is used for

Sonya
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NGP can not go ahead until this is achieved.
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Santos seem to believe they are not in a recharge area when clearly they are. They do not even know the science behind the GAB and recharge zones.
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Issues noted in the Review of the Strategic Management Plan 2015 

The 2015 review noted a number of ongoing issues that need to be addressed to ensure the social, 

economic and environmental benefits and integrity of the Basin are maintained. These include the 

need for: 

 effective governance arrangements to improve coordination of water management policies 

and practices across the Basin and management actions 

 a clear definition and understanding of the rights and responsibilities of water users across the 

whole Basin, and working to close the gaps in compliance where appropriate 

 a coordinated approach to engage all stakeholders 

 a supply of timely, robust and appropriately presented information to assist in Basin-wide 

decision-making 

 strategies to address persistent wasteful behaviour and practices of some water users and 

associated environmental degradation 

 strategies to address continued declining artesian pressure and increasing rates of extraction 

across some areas of the Basin 

 identifying funding sources that reflect public and private user benefits, to ensure a financially 

sustainable approach to minimising water wastage and the recovery of artesian pressure 

 installing, maintaining and decommissioning water delivery infrastructure in accordance with 

best practice 

 maintaining continued recognition of the Basin as one of the world’s largest and most 

significant groundwater resources. 

The review also documented emerging issues including risks to groundwater that may arise from 

mining and unconventional gas development. It noted (3.1). 

‘It is crucial that water extractions for mining and unconventional gas related activities is transparent 

and accountable, does not compromise the long-term sustainability of the resource, does not erode 

the water rights of other users and minimises any potential third party impacts.’ 

Emerging challenges 

As the demand for Basin resources increases and patterns of use change, there will be increasing 

competition between water users and changes to the nature, magnitude and significance of impacts 

caused by water extraction. Emerging challenges may include: 

 injection of gases 

 injection of water (for future use or to maintain aquifer pressures) 

 large resource developments 

 unconventional gas extraction 

Sonya
Highlight
surely taking water out and it becoming a waste product can NOT be considered minimising water wastage.
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 geothermal power. 

These new and emerging issues may impact both water quantity and quality. To meet increasing 

demand, the use of new technologies to maximise the efficiency of Basin water use is encouraged to 

meet user demands in terms of quantity and quality. 

Blackall Bore, Queensland 

 

Extractions from the Basin are estimated at 451,000 megalitres per year (ML/yr) (Frontier Economics 

2016). The pastoral industry is the largest water user in the Basin, licensed to use an estimated 

187,000 ML/yr or 41% of Basin water extraction. The industry generates more than $4 billion 

annually in the Basin and uses water delivery infrastructure worth more than $5 billion. The second 

largest water user is the irrigated agriculture sector, which uses an estimated 109,000 ML/yr (25%) 

and generates $58 million. 

A mix of mining, intensive stock and other industries consumes 57,000 ML/yr (12%) and the 

gas/petroleum industry, which is a growing water user and using mostly co-produced water, 

consumes 87,000 ML/yr (19%). The mining and petroleum industries generate annual economic 

value of $6.3 billion in mining and almost $2 billion in gas. 

Additionally, more than 120 towns rely on the Basin for water supply, consuming more than 

40,000 ML/yr or 9% of Basin water (Frontier Economics 2016). 

Each user group undertakes water management practices to meet their specific water needs. Each 

sector’s water extraction creates impacts that may generate unacceptable risks and offer 

opportunities to develop efficiencies that reduce the amount of water required. 

Accurate assessments of water use and entitlement arrangements are essential to ensure long-term 

water access for water users. 

Opportunities 

These opportunities for Basin improvements are aimed at delivering outcomes that promote the 

principles identified in the Strategic Management Plan. 
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 Increase stakeholder awareness that the Basin is a declining and finite resource (Smerdon et 

al. 2012). The Basin’s water resources require judicious use and stewardship of the remaining 

water pressure, temperature and water quality to ensure that its benefits continue to be 

available for as long as possible. New demand should not affect the improvements coming 

from the previous plan. 

 Develop frameworks to manage third party impacts consistently across industries and 

geographic locations. 

 Develop adaptive management approaches to accommodate changes in artesian pressures. 

For example, increasing water pressures in some areas are resulting in artesian flow 

management now being required at bores not previously required during the current 

landholder tenure. Conversely, continuing decline in artesian pressures in other areas may 

require installation of pumping infrastructure if artesian conditions cease. 

 Review maintenance and decommissioning practices for water delivery infrastructure to 

enable a long term approach to be implemented within the Basin which reduces the risk of 

structural failure, water loss and loss of artesian pressure. 

 Improve cross-border management of groundwater resources through coordination of water 

management and related policies and practices across the Basin. 

 Examine impacts of emerging and new Basin water users on water consumption, quality and 

pressure. 

 Develop the monitoring and accounting required to enable tracking of water use and resource 

condition to drive decision making, particularly on climate change and new, emerging or 

expanding uses. 

 Develop mechanisms to address non-adopters and ensure water use practices across the 

Basin are of a best practice minimum standard, including identification of mechanisms to 

address the persistence of wasteful practices. 

 Recognising and conserving non-use values in biodiversity resources and cultural heritage 

values that rely on Basin water, including listed springs and threatened species. 

 Clearly define rights and responsibilities of water users, in order to minimise gaps in 

compliance and inadequate water use reporting. 

 Promote the timely and robust collection of information for use as the basis for decision-

making. 

 The need to better understand and account for the effects of changing land use and other 

activities on recharge areas. 

 Account for extraction-induced impacts between aquifers of the Basin, both artesian and non-

artesian aquifers. 

 Assess, and respond to the effects of climate change on long-term management of the Basin, 

both on recharge rates and water usage patterns. 
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 Support the development of skills and knowledge in the community to potentially assist in the 

provision of bore construction and maintenance, water delivery infrastructure design, and 

asset condition monitoring activities. 

 Assessment of the changing populations and related economies in parts of the Basin. 

 Recognising the need to maintain ongoing urban water infrastructure within the Basin as it is a 

core water supply source for many towns. 

 Establish a proactive Basin-wide governance structure and process to maintain the profile of 

the Basin and ensure effectiveness of the evidence-based risk management approach. 

 Implement compatible policy approaches to strengthen protection of springs, as spring 

discharges and non-spring groundwater dependent ecosystems continue to be threatened by 

human activities. 

 Develop and implement innovative water use efficiencies in all sectors through improved 

technologies and better water management practices. 

 Enable and encourage the beneficial use of co-produced water. Improve information systems 

and increase the accessibility of information. 

 Investigate a long-term funding arrangement for Basin-wide replacement of bores, based on 

lessons learnt from previous funding programs. 

Principles 

Basin governments and community and industry representatives have agreed to seven guiding 

principles for managing the Great Artesian Basin to achieve economic, environmental, cultural and 

social outcomes. 

These principles cover: 

1. coordinated governance 

2. a healthy resource 

3. Aboriginal and Torres Strait Islander values, cultural heritage and other community values 

4. secure and managed access 

5. judicious use of groundwater 

6. information, knowledge and understanding for management 

7. communicate and educate 

The agreed principles capture the collective values and objectives for future Basin management and 

have guided the development of the Plan’s desired outcomes. 
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Mud Springs, Queensland 

 



Great Artesian Basin Strategic Management Plan  

15 

1. Coordinated governance 

Coordinated governance means the Great Artesian Basin jurisdictions of New South Wales, 

Queensland, South Australia, Northern Territory and the Australian Government working together to 

manage the resource on a whole of Basin approach in partnership with communities and industry 

partners. This partnership provides advice to the governments on the productive, environmental and 

other public benefit outcomes to be achieved in a mutually beneficial way within the Basin. 

The Australian and Basin governments and other stakeholders, including water users, have key roles 

in reforming current management practices. Basin governments have a constitutional responsibility 

to protect natural and cultural heritage values and to ensure water is used judiciously to support 

community values and benefits and to minimise third party impacts on all water users. Governments 

may also become involved when market or regulatory frameworks fail and where a public good or 

benefit can be shown. 

The Great Artesian Basin consists of groundwater management sub-units that the individual Basin 

governments are responsible for managing. These sub-units are hydraulically connected to varying 

degrees, both vertically and horizontally, to form a large multi-jurisdictional and nationally 

significant water resource system which spans the three states and a territory. It is desirable for this 

connected water system to be managed under a whole of Basin approach consistent with the 

National Water Initiative whereby the Australian and Basin governments work together to achieve 

whole of Basin outcomes. 

Each government has its own policy and regulatory framework under which it undertakes the 

management of Basin matters, and each directly engages with community and industry in 

developing and implementing that framework. 

Achievement of some outcomes in the Plan rely on the actions undertaken by community and 

industry partners as water users. It will be important that these stakeholders can provide advice to 

the joint governments on whole of Basin approaches to the management of the Basin. The 

coordinated governance system will aim to strengthen and enhance investment and planning 

initiatives of governments and water users, supporting implementation of the Plan with strategy and 

accountability. 

This system will enable the development of Basin-wide perspectives that contribute to more 

effective generation, collection, evaluation and use of information. 

Robust Basin-wide perspectives are important because: 

 Jurisdictional boundaries have no effect on the function of the Basin or on intrinsic values, 

including biodiversity and cultural heritage connections. 

 Artesian pressure is shared, and solutions to water pressure change problems need to be 

shared. 

 Management across jurisdictions needs to be compatible in intent and direction, towards 

shared outcomes and targets. 
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 All jurisdictions and stakeholders have a shared obligation to enable the Basin to provide 

benefits for as long as possible. 

 Actions by one jurisdiction cannot be allowed to produce skewed outcomes detrimental to 

current or improved water use in other jurisdictions. 

 Monitoring, reporting and data sharing need to be consistent across jurisdictions to enable 

coordinated evaluation of impacts and responses. 

 Information sharing and understanding across the Basin builds the levels of understanding, 

confidence and trust required for effective coordinated responses. 

 Entitlements and approvals need to have nationally compatible characteristics to enable 

streamlined management between jurisdictions and include enforceable conditions to be 

complied with by industries and other water users who operate in multiple jurisdictions. 

A coordinated Basin-wide governance system will be established through a set of agreed 

arrangements that enables Basin governments to work together to develop Basin-wide policies and 

management frameworks and to engage and seek advice from communities and industry when 

considering whole of Basin water management. These arrangements will be established in an 

agreement between the respective governments. 

Table 1: Strategic outcomes for coordinated governance 

Objective Outcomes 

Basin governments 

working together to 

manage the Basin 

groundwater system in 

consultation with 

community and industry 

to achieve consistent 

outcomes 

Basin-wide coordinated governance engages Basin governments, 

community and industry in implementation of the Strategic 

Management Plan, to: 

 collectively consider long term management of the Basin 

 actively engage with community and industry on matters of 

importance and provide community and industry advice to Basin 

Ministers 

 enable transparent public reporting 

 enable evaluation of, and public reporting on, implementation of the 

Strategic Management Plan. 
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Peery Springs, New South Wales 

 

Photo provided by NSW Department of Industry - Water 



Great Artesian Basin Strategic Management Plan  

18 

2. A healthy resource 

A healthy resource means the Great Artesian Basin groundwater system is under artesian pressure, 

with water flows and quality that continue to support natural ecosystems and supply water for a 

wide range of human activities, including economic, social and cultural uses. 

The health of the Basin can be described in multiple ways. These include water pressure both locally 

and across the Basin, important hydrogeological processes including recharge and discharge, the 

quality of water, and the ecological health of both spring and non-spring groundwater-dependent 

ecosystems. 

Groundwater in the Basin, although substantial, is finite. In most parts of the Basin recharge rates 

have declined over geological time, so the resource is in natural decline (Smerdon et al. 2012). This 

means that, even if humans were not extracting water, the volume of water and water pressure in 

the Basin would continue falling. As the extraction of water has significantly increased the speed of 

this decline, the Plan seeks to encourage actions which ensure judicious use of water by all water 

users. 

The health of the Basin will be impacted by current and emerging demand for water. This demand 

includes the potential expansion of existing industries such as large-scale irrigation and resource 

industries, as well as new users such as geothermal power production and new resource industries. 

Decisions regarding new developments within the Basin are managed under state and territory 

legislation which includes environmental assessment processes. 

Although the volume of water stored in the Basin is enormous, estimated to be 64,900 million ML 

(GABCC 2014), the annual extraction and free-flowing discharge from the Basin is relatively small. 

For example, less than 0.02% of the estimated storage in New South Wales (Department of Water 

and Energy 2009) is extracted annually. However, take has had a significant and relatively rapid 

impact on groundwater heads (water pressure) and flow rates of bores and springs in certain areas. 

The main task over the life of this Plan, relating to the health of the resource, is to ensure current 

and new extraction is managed within agreed limits to stabilise or possibly increase water pressure. 

In addition, activities occurring in the Basin should minimise their impact on the quality of water. 

Recent surveys by Basin governments show that bore rehabilitation and piping has led to the 

stabilisation of water pressure in various aquifers and increases of water pressure in some areas of 

the Basin in recent decades. See Appendix D. 

Groundwater moves slowly through the system. This results in a delay, or lag, in system responses to 

both stress and recharge events. Response time could be hundreds to thousands of years – well 

beyond planning horizons. Due to the inherent hydrodynamic characteristics of the groundwater 

system, it is neither possible nor practical to achieve a balance between recharge and discharge at a 

system scale. Therefore it is far more practical to manage in terms of acceptable groundwater water 

pressure/levels on a local to sub-regional scale. 

Basin recharge and natural discharge 

The Basin can be affected by disruption or modification of recharge and natural discharge areas. 

Recharge occurs on the eastern margins of the Carpentaria, Eromanga and Surat Basins in 
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Queensland and New South Wales, as well as the western margin of the Eromanga Basin in South 

Australia, the Northern Territory and Queensland. On average, less than 3% of the rain that falls on 

recharge areas filters into Basin aquifers. In north Queensland recharge rates are much higher, 

985,000 ML/yr in the Carpentaria Basin compared to 336,000 ML/yr in the Eromanga Basin; this 

recharge has little effect on parts of the Basin south of this region, due to the Euroka Arch acting as a 

natural groundwater flow divide (KCB 2016a). 

Recent research indicates that surface channels and water storage areas may be of critical 

importance to Basin aquifer recharge, especially during heavy rain events. Land use changes can 

mechanically disturb channels and water storage areas and cause silting of river beds that are 

important to sustaining recharge. Changes in vegetation cover, either native or invasive species, may 

affect recharge processes. Recharge may be affected by climate change impacts on both rainfall 

intensity and duration. 

Basin waters discharge into at least 80 waterways, augmenting base flows that help to sustain them 

during times of low rainfall, while other springs discharge through the seabed in the Gulf of 

Carpentaria. 

More than 460 Basin spring groups support unique isolated wetland ecosystems, home to species of 

animals and plants found nowhere else (Fensham et al. 2010). Many of these discharge springs have 

been significantly impacted by declines in flow from water pressure losses. Springs have also 

suffered from land use impacts, including mechanical disturbance to modify outlets to improve 

water access, and others are affected by grazing and weeds (EPA 2005). Basin springs are 

internationally important cultural, spiritual and ecological assets. 

Additional biodiversity and broader environmental values are affected by uncontrolled flows from 

the Basin. For example, bore drains direct water into parts of the landscape where water was not 

previously stored on a permanent basis within natural channels and these channels now support 

pest plant and animal species (GABCC 2011). 

Climate change effects may drive water users to increase their extraction of Basin water as other 

water sources such as surface water or shallow groundwater become less reliable. 

Water extraction 

Extraction rates from the Basin are changing, reflecting improvements in management practices, the 

increased value being placed on Basin water, and resulting in increased benefits to the community. 

For example, in Queensland the annual take of water in 2016 was estimated at approximately 

315,000 ML/yr (NRM 2017), reduced from extraction that peaked at approximately 750,000 ML/yr in 

the 1910s. Stock and domestic water extraction for the pastoral industry is estimated to comprise 

almost 50% of Basin water use (156,000 ML/yr.) within Queensland. Approximately half of this water 

still flows uncontrolled from bores, while the rest is delivered through piped systems which is a 

major improvement over the past two decades. Other uses, including industrial, town and intensive 

agricultural purposes, consume approximately 91,000 ML/yr. The petroleum and coal seam gas 

industry extracts approximately 64,000 ML/yr (20% of Queensland Basin water use), a substantial 

increase from 6,300 ML/yr a decade ago, when it was mostly from conventional oil and gas 

production (Office of Groundwater Impact Assessment 2016). (Note: the above figures are different 

to those within the Frontier Economics 2016 report since this is a specific case study within 

Queensland). 
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There is community concern that new users will affect the security of existing entitlements or 

environmental assets. If take is from areas of current stress, any opportunities to avoid additional 

take and maximise savings through improved efficiency or innovation need to be explored. 

See Consultation Themes for a summary of feedback on water extraction received during the 

consultation period. 

Table 2: Strategic outcomes for a healthy resource 

Objectives Outcomes 

A groundwater system in 

which water flows, 

artesian pressure and 

water quality support 

groundwater-dependent 

ecosystems and provide a 

supply of water that 

meets the needs of 

communities and 

industries 

Improved management 

of Basin groundwater 

recharge and discharge 

processes and the 

ecosystems/springs that 

are dependent on them 

Basin state and territory water resource plans: 

 are evidence-based with all evidence transparent and publicly 

available 

 identify access and extraction risks to Basin water resources 

 set out scientifically defensible extraction limits and management 

measures that sustain the use of the resource, by 2033 

 set out scientifically defensible water quality limits and extraction 

impact management measures that minimise impacts on the Basin 

resources, its users and dependent ecosystems. 

Authorised water users extract groundwater in accordance with limits 

specified in Basin governments’ water resource management plans and 

under their licence or approval conditions, to minimise third party 

impacts. 

Basin governments implement the following outcomes: 

 water resource matters are considered as part of land use planning, 

linked to regional natural resource management plans and activities 

 land use impacts are considered when undertaking water resource 

management and planning for the Basin groundwater system, 

especially around Basin springs and recharge areas 

 risk-based, cost-effective measures are used to manage impacts on 

groundwater flows, artesian pressure and the quality of groundwater 

 industry measures are put in place to minimise impacts from mining 

and other resource extraction on groundwater recharge and Basin 

groundwater dependent ecosystems, including springs 

 water resource management identifies and manages risks to Basin 

springs and other groundwater-dependent ecosystems, and on 

biodiversity and their environmental values 

 where Basin aquifers are identified as having potential for mining 

and other resource extraction, Basin governments may put in place 

management plans for their long-term sustainable management. 

Landholders are encouraged and supported to adopt best management 

practice for managing important physical landscape features that 

support natural recharge and Basin springs. 
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3. Aboriginal and Torres Strait Islander values, cultural heritage and other 

community values 

Those Aboriginal and Torres Strait Islander values, cultural heritage and other community values 

supported by Basin water and deemed to be important by Aboriginal and Torres Strait Islander 

people and other stakeholders are identified and considered as an integral part of the water 

planning and management process. 

Water from the Basin is crucial to the maintenance of numerous natural and cultural resources and 

assets that are considered by the community to have high value. Basin water sustains natural 

biodiversity and ecosystems as well as settings and assets that are recognised as having important 

local, national and international values. 

Aboriginal and Torres Strait Islander values 

Basin water naturally discharged from springs has enabled Aboriginal and Torres Strait Islander 

people to occupy a range of Basin environments, from coastal wetlands to the dry inland, for more 

than 40,000 years. As a result, Aboriginal and Torres Strait Islander communities have enduring 

cultural, social and spiritual connections with Basin springs and their associated ecological 

communities and landscapes (Commonwealth of Australia 2014). Springs and other cultural sites 

must be protected as an integral, intricate component of Aboriginal and Torres Strait Islander 

culture and society and as an essential part of Australia’s cultural heritage. 

Aboriginal and Torres Strait Islander stakeholders of the Basin accept responsibility as traditional 

custodians for ensuring that the management of cultural assets continues to provide cultural, social 

and economic benefits for current and future generations reliant on the resources of the 

Basin. Aboriginal and Torres Strait Islander people need to have a key role in decision-making 

concerning information about cultural sites and need access to Basin water to sustain heritage 

values. 

Cultural heritage and other community values 

Much of the recorded history in central Australia has been built around access to Basin water. Sites 

that help to tell the story of exploration, settlement and development of the Basin are an essential 

part of Australia’s national heritage, and require protection (Commonwealth of Australia 2014). 

The role of the Basin in the history and development of inland Australia remains one of the key 

messages for anyone interested in learning about the Australian story (See Appendix A). Much of the 

interpretative and educational material on historical and contemporary culture in outback visitor 

centres and school curriculum materials focuses on sites supported by Basin springs and bores. 

The cultural heritage of the Basin has important social, cultural and environmental value and is also 

an important part of local economies. The story of the Basin and local histories built around its uses 

are an important tourist attraction. The structure, function and natural diversity of springs are of 

great interest to visitors to northern South Australia and western Queensland. ‘Mineral baths’ using 

Basin water attract visitors to a number of centres. Aboriginal and Torres Strait Islander engagement 

in resource management and tourism is important to a number of communities. 
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Wetlands fed by Basin water may also have a range of social amenity and recreational values that 

are very important to regional communities, visitors and tourists. They may provide important 

educational and leisure settings, a focus for experiencing natural and cultural features and 

biodiversity, and important refuges for both wildlife and people during periods of drought. 

Table 3: Strategic outcomes for Aboriginal and Torres Strait Islander values, cultural heritage and 

other community values 

Objective Outcomes 

Water is available to 

sustain Aboriginal and 

Torres Strait Islander 

values, cultural heritage 

and other identified 

community values that are 

dependent on the Basin 

groundwater system 

Basin governments include provisions in water resource management 

plans to enable access to the groundwater required for sustaining: 

 Aboriginal and Torres Strait Islander values and interests, which 

includes Basin springs 

 cultural heritage values 

 other identified community values. 

Governments ensure that cultural knowledge is integral to governance, 

planning and implementation of Basin management. 

Aboriginal and Torres Strait Islander people have an effective voice in 

coordinated governance arrangements including through 

representation on stakeholder advisory committees within the Basin. 

Basin governments set out strategies to achieve Aboriginal and Torres 

Strait Islander values, cultural heritage and other community objectives 

that are dependent on Basin water resources. 

Tego Springs, Queensland 
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4. Secure and managed access 

Secure and managed access is provided for the environment and authorised water users to have 

secure entitlements to access, extract and use groundwater in accordance with rights and 

responsibilities. 

The rights of all authorised users must have a clear, secure statutory basis, and responsibilities must 

be clearly defined and understood by all water users regardless of access arrangements. Secure and 

managed access increases the certainty of water supply over the long term, an outcome beneficial to 

all Basin water users. 

Safe and reliable water supplies are critical to people who live and operate businesses in the Basin. 

Governments, industries, water users and others need to protect and maintain the resource, 

preserve cultural values and ensure environmental water requirements are understood and met. 

This means that impacts resulting from water extraction need to be clearly identified, accounted for 

and adequately managed to maintain the health of the resource and the greatest long-term benefits 

to the community. 

Both governments and users have important roles to play in delivering secure and managed access. 

Governments have the responsibility to ensure that legislation and relevant state and territory plans 

clearly define water access rights and specify the on-ground activities required of individual water 

users in order to lawfully exercise those rights. Water users have the responsibility of carrying out 

their business in accordance with legislation and the relevant plans. 

Over the period of this Plan, governments and stakeholders will work cooperatively to create a 

culture whereby the rules established in legislation and plans in Basin jurisdictions to manage the 

resource are understood and adopted, including water use measurement and reporting. 

Engagement between water users and regulators regarding water access entitlements needs to be 

open and evidence-based, focusing on identifying the productive, environmental and other public 

benefits that accrue from the proposed water extraction, and the capacity and needs of water users. 

Conditions on licences or approvals need to be stated clearly. These engagement activities would 

help water users understand their water access rights and responsibilities. 

To protect security of access and water quality for water users, it is important to maintain 

compliance and education, with communities, industries and governments playing a critical role. The 

coordinated governance system will help to ensure that entitlements have nationally compatible 

characteristics and streamlined between jurisdictions and are complied with by industries and other 

water users who operate in multiple jurisdictions. 

Compliance programs need to encourage judicious water use through education, knowledge and 

information, with penalties imposed in accordance with compliance frameworks. Partnerships 

between government and industry sectors are encouraged, to provide compliance incentives and 

industry support. Trust and respect in working relationships between users and governments will 

help to ensure that outcomes are accepted and adopted. 

Changing risks to the resource arise from new industries, changing community priorities and 

additional knowledge about water use and Basin hydrogeology. These changes require periodic 

review and adjustment of policies, incentives and compliance programs. This is managed through 
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state and territory water planning processes, and is made more efficient, effective and 

understandable through consideration of Basin-wide perspectives. 

Table 4: Strategic outcomes for secure and managed access 

Objectives Outcomes 

Secure and managed 

access to groundwater for 

authorised water users and 

the environment 

Public confidence that the 

management of 

groundwater access and 

extraction is in accordance 

with agreed statutory 

requirements 

Regulatory frameworks 

facilitating innovative 

solutions and productive 

developments to ensure 

the Basin groundwater 

system is used in a way 

that optimises economic, 

social and environmental 

outcomes 

Full accounting of water 

taken or injected by all 

water users  

Basin state and territory water resource management plans specify: 

 the process in which access to ground water is granted and how 

third party impacts are managed 

 the characteristics of the groundwater resource, the water 

available for extraction and the conditions under which extractions 

can occur 

 strategies to assess risks that could affect those characteristics and 

the allocation and extraction of groundwater. 

Rights and responsibilities associated with Basin state and territory 

authorisations to access and extract groundwater are clearly specified, 

understandable and enforceable. 

Government decisions that affect the extraction of groundwater are 

made in accordance with a transparent process and in consideration of 

Basin-wide perspectives. 

Coordinated governance arrangements enable Basin governments to 

work together to implement complementary 

authorisation/management frameworks, regulations and requirements 

across jurisdictional boundaries which achieves Basin wide outcomes, 

including pressure. 

Extraction and management of groundwater, including water or gas 

storage, disposal and aquifer reinjection, is in accordance with rights 

and responsibilities specified in relevant authorisations. 

Basin governments recognise and foster access to water for Aboriginal 

and Torres Strait Islander people to achieve social and economic 

outcomes. 

Basin governments implement risk-based compliance and education 

programs. 

Basin governments identify, attribute and publicly report costs 

associated with Basin water resource planning and management. 

All authorised groundwater extraction and injection is accounted for 

through applicable tracking and monitoring processes. 
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5. Judicious use 

Judicious use is responsible, productive and efficient use of Basin water that minimises the impacts 

of extraction on groundwater flows and water pressures while meeting requirements for existing 

users, water-dependent ecosystems, and for development where appropriate. 

Judicious use involves authorised users extracting sufficient water to meet their needs and 

implementing practices that improve water use efficiency and reduce wastage. 

Judicious use: 

 is the productive use of water in a way that minimises water wastage 

 is not an end point but a continuous approach to manage the extraction of water 

 requires users and governments to ensure that no more water is extracted than statutory 

requirements allow, and that acceptable benefits accrue from the water extracted 

 commits regulators and users to continue to improve practices to encourage water-use 

efficiencies and increase benefits 

 requires evidence-based risk approach to be implemented for managing water. 

A major outcome of the previous Strategic Management Plan was the removal of a significant 

number of bore drains and uncontrolled bores (through the GABSI program). Noting that several 

states now have water plan objectives setting out a timeline for making the Basin watertight. This 

Plan seeks to complete this work and ensure all other Basin infrastructure is managed to address 

water wastage, seepage and evaporation. 

Government policy and legislation regulates the quantity and rate of water extraction and sets out 

conditions under which authorised users may access water. Coordinated governance processes play 

an important role in promoting judicious use and willing compliance by identifying and enabling 

practices that help to change cultures in industries and other water users. Willing compliance driven 

by knowledge of statutory requirements and the costs and benefits of latest infrastructure 

technologies and management practices is a cost-effective way to achieve water management 

objectives. 

Excessive extraction of Basin water resulted in the decline of artesian pressures across parts of the 

Basin. Declining artesian pressures impede access to artesian water and reduce natural discharge. 

This negatively affects groundwater-dependent ecosystems and associated biodiversity values, as 

well as industries that have traditionally relied on flowing artesian water (Commonwealth of 

Australia 2014). 

Judicious use involves regulators, industries and water users ensuring that all water extractions 

operate within specified conditions and create ways to use water more efficiently as new science, 

risk information, changing conditions and technological developments emerge. This includes 

overcoming trade barriers and encouraging, where appropriate, the trading of water to users who 

will value it the most. Water trade should be encouraged both within and between jurisdictions, in a 
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manner which recognises and protects the needs of the environment and addresses third party 

impacts on existing users. 

All sectors need to share information about the costs and benefits of water-saving strategies, in 

particular new and emerging technologies, and to work cooperatively to develop ways to eliminate 

waste and use water more judiciously. 

Table 5: Strategic outcomes for judicious use 

Objective Outcomes 

Basin water wastage 

minimised and social, 

economic and 

environmental values in 

the Basin enhanced in 

accordance with extraction 

limits 

Through planning, education, information, incentive measures and 

regulatory tools, Basin governments and water users will manage Basin 

water resource extractions, in line with social, economic and 

environmental values, so that: 

 water wastage is minimised 

 authorised water users are encouraged to implement water use 

practices that minimise the amount of groundwater extracted 

 the economic value of Basin water resources increases as a result 

of increased productivity from using Basin water resources within 

agreed extraction limits 

 water resource planning and regulatory frameworks provide for 

effective, efficient and innovative management of groundwater 

access, extraction, injection and use that is responsive to future 

development opportunities 

 water infrastructure owners and operators upgrade and maintain 

groundwater infrastructure to meet Basin state and territory 

standards and minimise water loss, including the capping and 

piping of bores and removal of bore drains consistent with the 

requirements of individual state and territory water resource plans 

 new and emerging risks to the Basin’s water resources are assessed 

and managed under state and territory legislative tools. 

Coordinated governance arrangements assist in identifying and 

promoting practices and culture for judicious use and willing 

compliance among water users across the Basin. 

Basin governments develop mechanisms to allow transfer of water 

access rights within and between jurisdictions, where water systems 

are physically connected and water supply considerations will permit 

trading. 

Basin governments grant new authorisations to extract groundwater 

through processes that maximise the efficiency and productivity of 

water use. 
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6. Information, knowledge and understanding for management 

Information and knowledge generation ensures that accurate, timely and readily accessible 

information supports good management of the Great Artesian Basin. 

The Plan proposes a framework that defines principles, objectives and desired outcomes, and 

suggests that the outcomes be achieved through an adaptive, evidence-based risk management 

approach. In order to succeed, such an approach must be driven by accurate and timely information. 

Readily accessible, relevant, high-quality information can ensure risks are identified and inform the 

development of effective policy. 

The management and use of information is critical to achieving the desired outcomes for each of the 

Plan’s principles. Achieving these outcomes depends not only on building and maintaining a robust 

comprehensive knowledge base but also on ensuring that policy, planning and management 

decisions are based on critical thinking, focused on risk management and supported by a clear 

understanding of the best information available. 

Information has always been a key aspect of making decisions and forming policy in the Basin. 

Hindsight demonstrates that previous policies and water management practices based on 

inadequate information have contributed to unacceptable impacts, including declining water 

pressure and loss of flows to ecosystems. These changes occurred, and were allowed to continue, 

because the resource was not adequately understood or because evidence was not available and/or 

used by decision makers and water users. 

There is an extensive amount and variety of credible information on the Great Artesian Basin. New 

published research and agreements on standardised collection and reporting of monitoring and 

accounting data will ensure that the knowledge base continues to grow. Current and emerging 

technologies may present new opportunities to collect and share information. 

There are still knowledge gaps that affect our ability to understand and manage the Basin. Because 

this water resource is not visible, in the sense that it is not a surface catchment with visible flow 

events and water levels, understanding its nature requires scientific knowledge of the structures, 

processes and dynamics of the groundwater systems that make up the Basin. Also, to ensure the 

best outcomes from use of Basin water resources, it is important that decisions be based on 

understanding the risks posed by cultural practices or economic drivers that may impact on other 

users. Areas that may require new knowledge include climate change impacts, possible water quality 

impacts or impacts on ground dependent ecosystems from new industries or accumulative impacts 

of water extraction. 

Each Basin government will implement ongoing monitoring programs for Basin resources. 

It is also vitally important to understand the distribution, ecology and health of the surface 

ecosystems supported by natural discharge, as they are one of the few surface indicators of the 

health of the whole system (Silcock et al. 2013, Fensham et al. 2016). Understanding the changes 

caused by human activity on both the water stored and the ecosystems affected requires data about 

the nature of the Basin. This must be supported by monitoring of information about the activities 

that cause the changes, leading to changes in policy regarding on-ground activity to improve the 

health of the resource. 
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The remote nature of the Basin, diverse management practices and the private ownership of most 

Basin infrastructure has meant that little consistent or aggregated information about economic and 

social benefits from water use has been available. This lack of knowledge has impacted on 

investment decisions by both water users and governments. 

Information must be derived from meaningful and consistent monitoring of agreed resource 

variables that indicate the condition of the Basin, as well as monitoring of the condition of the 

infrastructure used to access the resource and the ecological systems dependent on it. This 

information must be collected in a transparent and compatible manner and made available to all 

stakeholders. An understanding of how the Basin operates can then be developed and shared over 

time by governments and scientific organisations. 

Kyneton Trough, Queensland 
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Table 6: Strategic outcomes for information, knowledge and understanding for management 

Objectives Outcomes 

Baseline information that 

identifies how the 

hydrology, hydrogeology 

and environment interact 

in Basin water resources is 

sufficiently accurate and 

robust to support decision-

making processes 

Understanding of changes 

that result from extraction 

of Basin water resources, 

developed in a timely 

manner that enables 

management intervention 

The benefits that accrue 

from use of Basin water 

resources understood by 

water users and the 

general public 

The coordinated governance system enables collaborative working 

relationships between researchers, industry, water users and 

governments to improve the Basin-wide information and knowledge 

base by: 

 seeking out, evaluating and using the best available information to 

make evidence-based decisions 

 enabling collection and consolidation of information held by 

governments, researchers, and industry and community interests 

 facilitating improved data quality and consistency 

 investing in the acquisition of: 

– baseline information on the hydrogeological function of the 

Basin groundwater system, including natural recharge and 

discharge processes, water flows, water balances and risks to 

those processes 

– information on biodiversity and ecology of groundwater-fed 

systems, and risks to biota for all parts of the Basin 

 identifying knowledge gaps and priorities for research and for 

development of models and management tools 

 undertaking risk-based monitoring of the Basin groundwater 

system, including: 

– groundwater extraction 

– groundwater resource condition (artesian pressure, water 

quality, environmental values) 

– water infrastructure condition, including inter-aquifer leakage 

 compiling social, economic and cultural heritage values information 

related to the use of groundwater 

 understanding future patterns of development and projected 

water demand within the Basin 

 All of the above supports the preparation of a Basin-wide resource 

condition report every five years. 
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7. Communicate and educate 

Communicate and educate means that water resource management information, including 

information on social, cultural, economic and environmental values, will be publicly available, 

accessible and clearly understandable. 

The challenge is to enable decision makers at all levels to access, understand and use the best 

information available as an integral part of their decision-making process. 

Making the most effective use of the Basin knowledge base in policy development, planning, 

implementation and community education depends on having the capacity to understand, anticipate 

and respond to the information needs of particular audiences. This requires access to robust, timely 

information, followed by preparation of content with appropriate format and timing. A national 

monitoring strategy will be an important tool for reporting the status of the Basin resources across 

all jurisdictions. 

The Plan promotes a culture of judicious water use and improved productivity in each sector. This 

needs to be based on a clear understanding of the conditions under which Basin water resources are 

used, as well as evidence of the impacts and benefits that accrue as a result of the use of these 

resources. 

Using information and dialogue appropriately during policy development, planning and 

implementation helps to build trust, transparency, accountability and acceptance between 

managers, industry and water users. Such relationships are a key to establishing the willing adoption 

of management measures and minimising the need for costly compliance enforcement and 

confrontation. 

Although some aspects of communication, education and dialogue are best handled within Basin 

jurisdictions, there is also a critically important role for Basin-wide information management and 

communication: 

 Perspectives that result from Basin-wide dialogue and critical analysis are often the most 

efficient and effective way to add value, achieve consensus, and generate support for 

decision-making processes. 

 The shared understanding generated in Basin-wide perspectives assists governments to 

strengthen the case for changes that meet management objectives and ensure that outcomes 

are compatible across the Basin. 

 Authoritative Basin-wide perspectives are effective in responding to misinformation which 

may appear in popular and social media. 

Establishing a clear understanding of the national significance of the Basin and the issues concerning 

its use and management in the minds of decision makers, industry and water resource managers and 

members of the wider community helps to ensure that Basin management is allocated a share of 

resources relative to its national importance. The Basin is the largest groundwater resource in 

Australia and is estimated to support close to $13 billion in economic production as well as a wide 

range of social and environmental values (Frontier Economics 2016). Raising the profile of the Basin 
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also encourages industry investment and influences the decisions that industries make about 

operations and water management practices negotiated with governments. 

Communication, dialogue and discussion between various interests based on factual information 

have a wide range of applications that benefit Basin management. No government, regulatory 

agency, industry or interest group involved in the management and use of the Basin will ever reach a 

point where information, education and communication are no longer required. 

Table 7: Strategic outcomes for communicate and educate 

Objective Outcomes 

Basin-wide water resource 

management information, 

including information on 

social, cultural, economic 

and environmental values 

is publicly available, easily 

accessible and 

understandable 

A centralised hub for Basin-wide information is established as part of 

the coordinated governance system to: 

 draw on expertise from governments, water users and other 

interests 

 share information openly 

 assist in identifying and remedying strategic information gaps 

 ensure that Basin information is accessible, understandable, 

reliable, and usable for all levels of decision-making and enquiry, 

and appropriate to target audiences 

 provide a community gateway to authoritative information 

products about Basin groundwater systems, and their values, 

health, management and use. 

Basin governments publicly report information on management of 

Basin groundwater systems. 

A Basin-wide resource condition report is established based on an 

agreed monitoring strategy. It is communicated and updated 12 

months prior to each five-year review of the Plan, to include 

‘dashboard’ indicators of the current state of Basin resources and 

management, and identification of emerging trends, risks, challenges 

and opportunities. The Basin-wide condition report will provide a 

source of information for reviewing state and territory basin 

monitoring programs.  
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Trochidrobia Minuta on Stromatolites at The Blanche Cup Natural Artesian Springs, South 

Australia 

 

Photo: T Gotch 

Implementation of the Plan 

Basin governments, water users and other interests have a joint responsibility to continue to 

improve management of the Basin to sustain important community values, continue to meet the 

needs of water users, and grow the benefits that accrue from Basin water use. The implementation 

of this Plan will assist governments with policy development and management, and support 

industries in their decision making to achieve more judicious use of water. 

Basin governments have statutory responsibilities to provide adequate resources for Basin 

management, with national policy and water resources information support provided by the 

Australian Government. 

Achieving the objectives and desired outcomes of the Plan will require targeted investment by Basin 

governments and the Australian Government commensurate with the risks and threats facing future 

Basin management. Industry and other interest groups should also be encouraged to consider the 
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Plan when making investment decisions within the Basin. This will support active engagement of 

water users and other interests to enable implementation of the Plan through a whole of Basin-wide 

approach. 

Local government and regional natural resource management groups provide an important source 

of local knowledge on social, economic and environmental matters and will be integral to 

implementing the Plan. 

A rolling five-year implementation plan will be developed, be publically available and jointly 

managed by Basin governments in consultation with water users and other stakeholders, to: 

 meet national water management agreements and their respective legislative requirements 

 emphasise the critical role of whole of Basin management 

 continue to enable stakeholders to participate in Basin-wide policy and decision making 

 assist industries and other interests in making management and investment decisions 

 provide information that assists meeting the Plan objectives and raising the profile of the 

Basin 

 apply the coordinated governance principle of the Plan to strengthen and complement 

state/territory and whole-of-Basin policy and management initiatives. 

Implementation plans will be guided by the principles, objectives and desired outcomes in the 

Strategic Management Plan and will include: 

 actions to be taken by governments through water planning processes 

 joint actions to be delivered by multiple governments in partnership 

 activities to be delivered by governments working closely with industry, community groups 

and other stakeholders timeframes within which those actions and activities will occur 

 the commitments required by water users, Basin governments, Australian government, 

industries and other interests to make the implementation plans operational. 
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Appendix A – Why is the Great Artesian Basin important? 

Dimensions – space and time 

The Great Artesian Basin is one of Australia’s great natural resources, with water up to 2 million 

years old. It is also one of the largest underground artesian water reservoir systems in the world. It 

covers an area greater than 1.7 million square kilometres, more than one-fifth of the Australian 

continent, and underlies most of Queensland and parts of New South Wales, South Australia and the 

Northern Territory. 

The Great Artesian Basin is defined as a groundwater basin, encompassing several geological basins: 

the Eromanga, Surat and Carpentaria basins. It also incorporates parts of the Bowen and Galilee 

basins in Central Queensland, the Laura Basin in North Queensland, the Mulgildie Basin in central 

Queensland, and the western part of the Clarence–Moreton Basin in southern Queensland, all of 

which are hydraulically connected. Of the major geological basins, the Eromanga Basin is the largest 

at 1,000,000 km2 and extends across a large part of Queensland, New South Wales, South Australia 

and the Northern Territory. The Surat Basin covers 300,000 km2 in south-eastern Queensland and 

north-eastern New South Wales. The Carpentaria Basin underlies an onshore area of 560,000 km2 in 

northern Queensland, though the sediments of the Carpentaria Basin also extend underneath the 

Gulf of Carpentaria (Smerdon et al. 2012). 

Total water storage capacity is estimated at approximately 64,900 million ML. The depth of the 

sandstone aquifers is up to 3,000 metres in the deepest central parts. Temperatures of water 

coming to the surface are, on average, around 30.5°C, but range upwards to 100°C at some bore 

heads (Commonwealth of Australia 2011). 

The Basin’s significance as a water resource is largely due to its location—it underlies arid and semi-

arid landscapes to the west of the Great Dividing Range. Basin groundwater provides a climate-

independent water supply in areas which often receive low or intermittent supply of rainfall. Under 

pressure in many Basin aquifers, water rises in bores and flows freely to the surface and so can be 

distributed without additional pumping to dams and other stock watering points. The water is often 

good enough quality for most uses, but in some aquifers high sodium levels may make it unsuitable 

for irrigation or human consumption. 

More than 460 spring groups (Miles et al. 2012) support unique isolated wetland ecosystems, home 

to species of animals and plants found nowhere else. Communities of native species which depend 

on the natural discharge of groundwater from the Basin have been declared as endangered 

ecological communities under the Commonwealth Environment Protection and Biodiversity 

Conservation Act 1999. Due to the extent of the Basin its springs support ecosystems in a wide range 

of habitats, from mound springs on the arid margins in the south and west in South Australia and 

Queensland to springs in the Cape York Peninsula where high flows support lush rainforest. 

Basin waters also flow into at least 80 other waterways, augmenting base flows which help to 

sustain them during times of low rainfall, while other springs discharge through the seabed in the 

Gulf of Carpentaria (Commonwealth 2011). 

Water use and value in the Basin 

For Aboriginal and Torres Strait Islanders, the springs across the vast arid interior were often the 

only assured source of water, critical for survival, and were prime sites for hunting. Trade and travel 
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routes evolved around these oases in the desert. They remain precious cultural and sacred sites 

imbued with power – integral to ceremonies and stories, and permeated with the histories of 

ancestors (Commonwealth of Australia 2011). 

Much of the exploration, history and commerce of non-Aboriginal and Torres Strait Islander 

settlement in central Australia is built around access to Basin springs and bores. Early exploration 

and trade from the coast to central Australia depended on Basin springs. The story of the Camel and 

the ‘Afghan’ cameleers centres on access to springs and bores. The overland telegraph followed the 

‘string of springs’ north through the outback of South Australia. The first bore was drilled in the 

Basin near Bourke in 1878. Within the next few decades access to artesian bores changed much of 

the arid and semi-arid part of Australia forever. The settlement of many towns and the evolution of 

the pastoral industry, stock routes, and the mining and petroleum industries is all part of Australian 

heritage supported by the Basin. The construction and operation of the Ghan railway relied on Basin 

springs and bores. Much of the local culture in towns and industries across the Basin is built around 

and continues to be sustained by access to the Basin. Sites which preserve the exploration, 

settlement and development story of the Basin are an essential part of Australia’s national heritage. 

More than 180,000 people live in the area underlain by the Basin and 7,600 domestic, industrial and 

commercial enterprises depend on it as the sole reliable water resource for settlement, 

development and economic activity. Basin water is used in households in more than 120 towns and 

settlements and on hundreds of properties. Many communities avoid water heating systems by 

using naturally hot artesian supplies, while at Birdsville in Queensland hot artesian water is used to 

generate power to supplement the town’s off-grid electricity generation system (Commonwealth of 

Australia 2011). 

The consumptive use of Basin water is estimated to be integral to at least $12.8 billion of production 

annually, including $4 billion in stock, $6 billion in mining and $2 billion in gas. (Frontier Economics 

2016). The Basin’s waters offer considerable potential for increased levels and greater diversity of 

uses, as well as ways of facing future challenges such as climate change and low carbon energy 

sources. However, this diversity of opportunities will lead also to challenges. 

The pastoral industry has long been the largest user of Basin water to water stock. The discovery and 

use of water held underground in the Basin opened up thousands of square miles of country away 

from rivers in inland New South Wales, Queensland, South Australia and the Northern Territory 

which had previously been unavailable for pastoral activities. The pastoral industry generates more 

than $4 billion annually in the Basin and utilises water delivery infrastructure worth more than $3 

billion (Frontier Economics 2016). In some parts of the Basin intensive lot feeding of stock, as well as 

piggeries and poultry production has become an important use of Basin water in recent years. 

The mining and petroleum industries are also major water users, either as co-produced water or 

water extracted to support in industry processes. Mining for copper, uranium, bauxite and opals 

depend on a reliable supply of Basin water. Mining industries also use Basin water for both mining 

and processing of lead, silver, zinc, bismuth, gold, and kaolin (Frontier Economics 2016). The 

extraction of conventional oil and gas, and (increasingly) coal seam gas results in extraction of 

substantial amounts of artesian water as a by-product throughout the life of those projects. 

Basin water is used in a range of tourism enterprises, both in mineral spas and as part of the cultural 

and natural history of outback Australia. The tourism industry includes the outback experience, 
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thermal baths, springs, camel treks, Aboriginal and Torres Strait Islander heritage sites, and the Ghan 

railway (GABCC 2016). 

There are an estimated 50,000 bores across the Basin. The vast majority of these bores are less than 

200 metres deep and draw water from sub-artesian aquifers. However, there are more than 9,000 

artesian bores in the Basin, and more than a thousand of these are deeper than 1,200 metres 

(GABCC 2017). 

Most early bores were not constructed with headworks, and water was allowed to flow freely, 

running into open drains over long distances to water stock with more than 95% of flows lost to 

evaporation and seepage into the soil. The rate of extraction of water led to reduced water pressure 

and flow across the Basin. In turn this reduced both access to artesian water and natural discharge, 

impacting on springs and associated biodiversity values. 
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Appendix B – Past achievements through collaborative partnerships 

The first Strategic Management Plan (SMP) was released in September 2000, developed 

collaboratively as a voluntary non-statutory planning document by the then Great Artesian Basin 

Consultative Council. This document was the first ‘whole of-Basin’ management plan to be adopted 

by all governments responsible for the management of the Basin, to address the critical issues and 

limitations in management identified by Basin stakeholders. The first SMP had a 15 year timeframe 

and detailed a staged process for implementing the strategies and objectives, as well as reviewing 

and reporting progress (GABCC 2009, Commonwealth of Australia 2015). 

In parallel with this SMP, in 1999 the Great Artesian Basin Sustainability Initiative (GABSI) was 

introduced as a joint program between the Australian government and the New South Wales, 

Queensland, South Australia and Northern Territory governments. The program financially 

supported capping of uncontrolled bores and piping of open bore drains, to control water use and 

minimise wastage to improve the health of Basin springs. (See Appendix C). 

Through a coordinated Basin-wide program that included investment in on-ground works, research, 

and the development and dissemination of an improved understanding of the resource, significant 

advances have been made in the management of the Basin under the previous SMP. 

Coordinated governance 

Cooperative management of the Basin has included the co-funding of the Great Artesian Basin 

Consultative Committee by Basin governments and the Commonwealth. The Basin governments and 

the Commonwealth have also co-funded the GABSI to assist landholders cap and pipe. Relationships 

amongst all Basin stakeholders both within and outside government have proven robust over this 

time, and has been assisted by Great Artesian Basin advisory bodies being set up in South Australia, 

Queensland and New South Wales. These bodies have provided a community voice in regard to 

management activities. Recognising the linkages between other cross-state water Basins, meetings 

have occurred with Lake Eyre Basin and Murray-Darling Basin Community Advisory Committees to 

develop joint approaches for coordinated management. 

A healthy resource 

All four Basin governments have expanded their planning frameworks and developed water 

management plans for Basin water resources: Queensland [Great Artesian Basin Water Resource 

Plan (2006) to be superseded by the Great Artesian Basin and other regional aquifers water plan in 

2017], New South Wales [Water Supply Plan for the NSW Basin Groundwater Sources 2008], South 

Australia [Water Allocation Plan for the Far North Wells Prescribed Area 2009] and Northern 

Territory [draft Great Artesian Basin (NT) Water Allocation Plan]. The water management plans set 

limits on the amount of water that can be taken, balancing new development with needs of existing 

water users and the environments (Commonwealth of Australia 2015). 

Over the period of the last SMP significant public and private investment has been made in the 

rehabilitation and maintenance of water bore and water distribution infrastructure in order to 

address historical impacts on artesian pressure and reduce the waste of water. This investment has 

improved the ‘health’ of the Basin. 

Springs and related flows to watercourses, lakes and wetlands have been recognised as having 

significant and unique cultural and ecological values. The community of native species dependent on 
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natural discharge of groundwater from the Basin was listed as a threatened ecological community 

under the Environment Protection and Biodiversity Conservation Act 1999 (Cwth) in 2001. These 

communities are also managed under state laws through the Threatened Species Conservation Act 

1995 (NSW) and both the Vegetation Management Act 1999 and the Environmental Protection Act 

1992 (Qld). 

Aboriginal and Torres Strait Islander values, cultural heritage and other 

community values 

This SMP recognised the need to incorporate Aboriginal and Torres Strait Islander values and 

knowledge into management plans, recognising that cultural values may require a different water 

management approach, and that Aboriginal and Torres Strait Islander enterprises may have water 

requirements similar to other enterprises. 

National water reforms led to all states agreeing to address Aboriginal and Torres Strait Islander 

access to and management of water through legislation and water planning. New South Wales water 

sharing plans provide for access licences for Aboriginal cultural and community development. In 

South Australia the Water Allocation Plan for the Far North Prescribed Wells Area 2009 recognises 

the cultural significance of Aboriginal and Torres Strait Islander water sites. The Northern Territory 

has adopted the Strategic Aboriginal Water Reserve Policy Framework which enables a volume of 

water from the consumptive pool within a Water Allocation Plan area to be exclusively accessible to 

Aboriginal landowners to use or trade for economic and social development outcomes. 

Education packages have been produced for primary and secondary teachers and students. These 

focus on the importance of the Basin to the Aboriginal and Torres Strait Islander people and broader 

cultural heritage of inland Australia. 

The cultural heritage of the Basin not only has important social, cultural and environmental values, 

but is an important part of local economies as well. The story and natural diversity of springs is of 

great interest to visitors in Northern South Australia. The story of the Basin and local history built 

around its uses are important attractions for tourism across the Basin. ‘Mineral baths’ using Basin 

water attract visitors to a number of centres. Aboriginal and Torres Strait Islander engagement in 

resource management and tourism is important to a number of communities. 

Much of the available interpretive and educational material on Aboriginal and Torres Strait Islander 

historical and contemporary culture and local European history and contemporary culture in outback 

Australia centres on access to and reliance on water from springs and Basin bores. 

Further community recognition of the importance of the Basin springs is reflected in special 

conservation areas protected by State legislation. A number of important spring complexes are 

protected in conservation reserves in South Australia including the Bubbler and Blanche Cup along 

the Oodnadatta Track and Dalhousie Springs near the Northern Territory border. Other important 

springs are protected under heritage and other agreements with private landholders. Edgbaston 

Reserve in Queensland was purchased in 2008 with assistance from the Australian Government and 

through private funding directed to the conservation organisation, Bush Heritage Australia. This 

reserve protects two nationally threatened fish: red-finned blue-eye and Edgbaston goby in the 

Basin spring-fed pools (Bush Heritage Australia 2016). 



Great Artesian Basin Strategic Management Plan  

39 

Secure and managed access 

Improved policy and the development of water plans with consultative planning strategies in all 

jurisdictions have resulted in good progress to support improved understanding of the rights and 

responsibilities of groundwater users and the licensing of extraction for most sectors of water use. 

Each Basin government manages water extraction from the Basin in line with their own legislation, 

policy and regulatory frameworks. Such arrangements have progressed groundwater management, 

particularly where management rules have been developed in consultation with communities, 

however more progress is required. 

The following achievements have occurred since the first SMP: 

 In South Australia, the Water Allocation Plan (WAP) for the Far North Prescribed Wells Area 

was adopted by the South Australian Government in 2009 and is currently under review with a 

revised plan to be considered by government in 2019. The WAP establishes a framework to 

manage Basin water in South Australia. Almost all Basin water extraction in South Australia 

requires a water entitlement and allocations through a licensing regime (Department for 

Environment and Water 2018) and will align and support the desired outcomes of the Plan. 

 In New South Wales the Water Sharing Plan for the New South Wales Great Artesian Basin 

Groundwater Sources 2008 commenced on 1 July 2008 and is in force until 30 June 2020. This 

Plan sets limits on extraction and establishes rules for sharing water between the different 

types of water users and the environment. It identifies the volume available to landholders 

under their basic right to access domestic and stock supplies and the volume available to 

licensed entitlement holders. It also sets rules for the location of bores to protect access for 

other users and impacts on the environment (Department of Primary Industries and Water 

2017). 

 In Queensland a new Water Plan (Great Artesian Basin and Other Regional Aquifers) 2017 

commenced on 2 September 2017. The Plan provides the framework for the management of 

Queensland’s Basin groundwater, including providing security of supply for current and future 

water users and the protection of groundwater flows to springs and watercourses. The plans 

also broadly defined the areas and circumstances in which water may be taken or made 

available, as well as requirements for ongoing monitoring and reporting. It recognises the 

changed situation in relation to water demand in Queensland and contemporary planning 

policies. New elements in the plan include: improved water efficiency by mandating all 

uncontrolled bore and drains be made watertight by 2027, providing unallocated water 

reserves for the economic aspirations of Aboriginal people and Torres Straight Islanders, and 

simplified water trading in the Basin (Department of Natural Resources, Mines and Energy 

2018). 

 In the Northern Territory the Great Artesian Basin (NT) Water Allocation Plan is currently in 

draft form. The plan is being prepared in accordance with the NT Water Act and NT Water 

Allocation Planning Framework, and will align with and support the desired outcomes of the 

Plan. The volume of water currently extracted from the NT Great Artesian Basin is very small 

in volume relative to estimated storage and is used primarily for remote community water 

supply and stock watering. The draft Plan contains measures for the management of any 
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future large scale extraction (e.g. potential petroleum/gas developments in the Pedirka Basin), 

particularly in the artesian zone, to mitigate potential impacts on water dependent spring 

systems in neighbouring South Australia and Queensland. 

Judicious use 

There have been a wide range of successful strategies implemented across the Basin to eliminate 

wasteful practices over most of the last century to encourage judicious use. At the beginning of this 

SMP implementation phase, the use of flowing bores and bore drains to water stock had been the 

accepted practice sustaining the pastoral industry for a century. Eliminating wasteful water delivery 

practices was not as simple as just asking landholders to accept government subsidies to control 

their bores and replace bore drains. Many landholders had successfully relied on open bore drains 

for generations and were very reluctant to change. They presented a wide range of perceptions that 

suggested that a piped water delivery system would not work effectively in the Basin. Many did not 

have a good understanding of the water infrastructure technologies available and the water and 

land management advantages of installing those technologies. Those who had accessed information 

about piped systems were rightly concerned about the cost of installation and maintenance, the 

reliability of piped systems, and the changes in their business and lifestyle that would be required to 

operate the system sustainably. 

As part of the implementation of this SMP, a number of programs were developed and implemented 

to engage water users and decision makers to more greatly value the Basin resources. These 

programs included education through farm, mining, energy and town water supply extension 

support which helped to embed a more positive approach towards adopting best practices for water 

use that avoids wastage. This information was supported by funding opportunities to support the 

changes needed at ground level. Examples include: 

 The development of the Great Artesian Basin Sustainability Initiative (GABSI) provided 

financial support to pastoral landholders to increase their ability to use water judiciously. To 

date, 759 bores have been rehabilitated and 21,390 kilometres of bore drain have been 

replaced with piping, saving an estimated 253,640 mega litres of water every year. (See 

Appendix C). 

 Dedicated groups within the managing agency in each jurisdiction to assist landholders with 

assessment of bore condition, understanding the water infrastructure technologies available, 

the standards for drilling and installation that are required, and water system planning to help 

them obtain the best outcomes from the investment. 

 The use of bore trusts or cost sharing arrangements between neighbours where appropriate 

to share the cost of bore maintenance and rehabilitation and make the installation of 

distribution systems more efficient. 

 Technical workshops and field days sponsored by governments, CSIRO and suppliers on water 

infrastructure installation and maintenance were held on pastoral properties in each 

jurisdiction. 

 Packages of learning materials designed in collaboration with universities and school 

educators were developed for primary and secondary teachers and students on the natural 

and cultural history of the Basin. The packages also included information on the need to stop 
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wasteful practices and rehabilitate flowing bores. Materials were offered free of charge to 

primary and secondary schools and sent to the schools of the air and mailed to schools where 

children of pastoralists were likely to attend. 

 South Australia included statutory conditions on pastoral water licences, tying water 

allocation to stocking rates on the property and requiring landholders to deliver water to stock 

through a well maintained closed water delivery system. A compliance program was 

implemented in consultation with landholders. Groups other than government and 

landholders also contributed to Basin health. In South Australia Western Mining Corporation, 

and subsequently BHP, contributed to the GABSI program in that state and in Queensland 

several bore rehabilitation projects were sponsored by mining companies. 

The need to eliminate wasteful practices and install and maintain closed water delivery systems has 

now become the accepted practice for delivering stock water in the Basin. Within the life of this 

SMP, the practice of using bore drains to water stock changed, and landholders agreed to invest in 

new stock watering systems, reorganise their land and business management practices and change 

their lifestyle to accommodate piped watering systems. Many landholders have improved their 

productivity and businesses by installing closed stock water systems. They have become advocates 

and encourage peers to operate such systems as the opportunities to strengthen their businesses 

through having greater flexibility in stock management were realised (GABCC 2006). Nevertheless, a 

small percentage of mostly sheep producers still see bore drains as a better water delivery system 

than piping. 

Information, knowledge and understanding for management 

Knowledge of the Basin has been improving with significant investments through the National 

Groundwater Action Plan, and Commonwealth and state-led knowledge initiatives. Scientific 

knowledge of the Basin resource and its connectivity to other surface and groundwater systems has 

significantly increased, and the most important connections are in the recharge zones of the Basin 

(Smerdon et al. 2012). New knowledge on the structure, hydrogeology and water chemistry in the 

Basin, culminating in the Great Artesian Basin Water Resource Assessment and the subsequent new 

information generated for the Hydrogeological Atlas of the Great Artesian Basin (Welsh 2006, 

Smerdon et al. 2012, and Ransley et al. 2015). This knowledge along with associated monitoring 

information can be used to understand the water balance in the Basin. 

Important research on the ecology and natural values supported by Basin Springs has been 

published and reported on as a component of understanding the resource. This has seen the 

community of native species dependent on natural discharge of groundwater from the Basin listed 

as a threatened ecological community under the Environment Protection and Biodiversity 

Conservation Act 1999 (Cwth) in 2001. These communities are also managed under state laws. 

Substantial evidence on the cultural importance of springs to Aboriginal and Torres Strait Islander 

people and to other stakeholders has also been collected and reported (Silcock et al. 2013; Fensham 

et al. 2016). 

Research on human impacts in the Basin has been less studied. The study on Economic Output of 

Groundwater Dependent Sectors (Frontier Economics 2016) provides a recent snapshot of the 

important economic value of this asset and a starting point for developing a process to continue to 

monitor outputs. 
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Work has also been done on landscape changes which have occurred as a result of the improved 

distribution of bore water. A series of national workshops was held in the past decade looking at 

various elements of grazing best practice, technological developments such as remote monitoring 

systems and improved water delivery systems and other industrial water uses that has resulted in 

more efficient water usage. This has also led to the development of policies concerning the 

spreading of water in the pastoral industry and the surface impact of water delivery in the mining 

and petroleum industries. 

The Great Artesian Basin Coordinating Committee (GABCC) established three-year PhD top-up 

scholarships to support research that improved knowledge of the Basin. These have added to 

knowledge and understanding of links between springs and aquifers, and of fish and endemic 

invertebrates in springs and desert waterholes. 

Communicate and educate 

A major focus of this SMP was investigating and compiling an up-to-date knowledge base about the 

Basin and its uses. Much of the work focused on water use by the pastoral industry and the effect of 

uncontrolled bores on water pressure in the Basin. A Basin Resource Study was compiled and 

published along with the SMP in 2000. The Study has subsequently been updated twice to include 

more information about springs, better science on the hydrology of the Basin, and changes in policy 

and management practices. The Resource Study was used as a basis for the development of the SMP 

and helped to identify knowledge gaps which may be limiting the effectiveness of Basin 

management. 

Efforts were made continuously over the life of the Plan to encourage research, investigations and 

reporting to fill strategic gaps in understanding and then to identify opportunities to inform 

decisions and communicate knowledge about the Basin. Copies of these documents can be found on 

the GABCC website. 

Scientific, technical, policy and management presentations on topical subjects and areas of limited 

understanding were programmed at each GABCC meeting. Special Basin conferences, forums and 

workshops were also cooperatively organised by regulatory agencies and the GABCC. Members were 

sponsored to attend and to present at conferences and meetings. Outcomes from these 

presentations and forums were utilised in discussion, advice and information products. 

The GABCC acted as a catalyst to identify relevant expertise and presentations and then provide a 

forum for information sharing. The Committee worked cooperatively with management agencies, 

research groups, and the media to prepare and deliver communication products which informed 

ministers, regulators, water users and other interests. Examples of the range of products that were 

targeted at particular audiences to meet help achieve particular outcomes are: 

 Basin Resource Study (GABCC 2014) 

 Advice and briefings for Basin ministers 

 Basin website containing a variety of credible information 

 Researchers forums and conferences 

 Field days and technical workshops at various locations in the Basin 

http://www.gabcc.gov.au/publications
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 Presentations and displays at conferences 

 Special Basin stalls and presentations at community events around the Basin 

 Media programs and briefings 

 Student and teacher education packages (DSEWPC 2012) 

 Special information packages targeted at particular sectors of water users 

 Booklets, posters and DVDs on the Basin 

 Research prospectus 

 Public meetings and consultation with water users and industry groups 

 Website fact sheets on a variety of subjects and issues. 
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Appendix C – Statistics from the Great Artesian Basin Sustainability 

Initiative 

The Great Artesian Basin Sustainability Initiative (GABSI) was a joint program between the 

Australian, New South Wales, Queensland, South Australian and Northern Territory governments 

and Basin landholders. It has operated for 17 years over four phases of activity. 

Table C.1: Australian Government and State Funding Contributions up to and including 

30 June 2018 

Jurisdiction GABSI 1: 1999-

00 to 2003-04 

($mil) 

GABSI 2: 2004-

05 to 2008-09 

($mil) 

GABSI 3: 2009-

10 to 2013-14 

($mil) 

GABSI 4: 2015-

16 to 2016-17 

$mil) 

Total 

Australian 

Government 

28.386 38.531 44.644 13.401 124.962 

QLD 14.304 22.736 23.706 3.996 64.742 

NSW 12.335 15.595 18.011 2.78 48.721 

SA 1.747 0.200 2.927 6.625 11.499 

Total 56.772 77.062* 89.288 26.802 249.924 

* This total does not include $1.357 million which was provided to WA under GABSI 2 

Table C.2: Estimated* GABSI Phase 3 Landholder Contributions 

State Contributions 

by Year ($mil) 

09-10 

Contributions 

by Year ($mil) 

10-11 

Contributions 

by Year ($mil) 

11-12 

Contributions 

by Year ($mil) 

12-13 

Contributions 

by Year ($mil) 

13-14 

Total 

New South 

Wales 

5.399 3.841 5.527 5.832 7.653 28.252 

South 

Australia** 

- - - - - - 

Queensland 3.293 2.597 2.662 2.467 6.465 17.484 

Total 8.022 7.461 8.337 8.503 13.838 46.161 

* The figures in this table are the estimated land holder contributions shown in the Implementation Plans 
against each year. In some years, severe and unexpected natural events may have caused the landholder 
contributions to be significantly different to those shown. This is likely to have occurred in New South Wales in 
2009-2010 and 2010-2011 and in Queensland in 2010-2011 due to extensive flooding. 

** South Australia has not required landholder contributions in the same manner as New South Wales or 
Queensland. 
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Table C.3: Water Savings (mega litres per annum) up to 30 June 2018 

State Water Saved ML/annum 

New South Wales 68,830 

South Australia 48,961 

Queensland 139,081 

Total 256,872 

Table C.4: Bores Controlled up to 30 June 2018 

State Number of Bores 

New South Wales 311 

South Australia 51 

Queensland 397 

Total 759 

Table C.5: Open Bore Drains deleted (km) up to 30 June 2018 

State Bore drains deleted (km) 

New South Wales 8,558 

South Australia 342 

Queensland 12,491 

Total 21,391 

Table C.6: Piping Installed (km) up to 30 June 2018 

State Piping installed (km) 

New South Wales 15,063 

South Australia 344 

Queensland 16,140 

Total 31,547 

Table C.7: Estimated Remaining Basin Bore capping and piping 

State New South 

Wales 

Queensland3 South Australia Total 

Bores to be controlled1 229 179 23 431 

Bore drains to be deleted (km)2 1,150 3,986 0 5,136 
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State New South 

Wales 

Queensland3 South Australia Total 

Estimated water saving 

(ML/annum)2 

26,600 89,296 365 116,261 

Total estimated cost, ($ mil )2 114 135 1.25 250.25 

1 GABCC – Summary of past drilling activity within the Great Artesian Basin – November 2017 – updated to 
reflect projects completed since November 2017 
2 Great Artesian Basin Sustainability Initiative Value for Money Review – January 2014 – these figures are 
estimates based on state data 
3 Census of Uncontrolled Artesian Bores and Artesian-Fed Bore Drains in Queensland: Bore Summary Report – 
GHD 2019 
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Appendix D – Pressure Trends across the Basin linked to GABSI 

Data collected to date shows that water pressure levels have responded to improved Basin water 

management with differing results ranging from increased water pressure or stabilization through to 

ongoing trends of decline. 

Queensland 

In Queensland data collected for the review of the Great Artesian Basin Water Resource Plan 2006 

showed that based on long term monitoring, groundwater levels across the Eromanga and 

Carpentaria basins have been stabilising and recovering in recent decades. The observed trends 

coincide with the Great Artesian Basin Sustainability Initiative (GABSI) program, as well as longer 

term trends of reducing groundwater extraction. The historical water use assessment suggests that 

extractions peaked in the Eromanga basin, for example, between 1915 and 1928 with an average 

use of over 600 GL/year during this period (Figure D1). After this, until 1990, there is a gradual 

decline due to a combination of declining artesian pressure and declining number of uncontrolled 

bores. From 1990 onwards, there is a significant decline in use to approximately 150 GL/year, due to 

bore rehabilitation and drain replacement programs (KCB 2016b). 

In the Gilbert River Formation of the southern Carpentaria basin, average groundwater level 

stabilised around the 1990s (KCB 2016a). In the Cadna-owie–Hooray Aquifer in the northern 

Eromanga basin, significant declines in average groundwater levels prior to 1940 started stabilising 

after 1940 and began rising after 1990 (Figure D2). A similar pattern is observed in the southern 

Eromanga basin, but with average water levels rising after 2000 (KCB 2016b). 

While in the Gubbermunda Aquifer of the Surat basin, average groundwater levels have been 

declining since the early 1900s, but started approaching stability after 1970. Average water levels 

continue to decline in the Surat Basin as a whole, however, with significant declines occurring in 

some deeper aquifers such as the Hutton Sandstone (KCB 2016c). 

Figure D.1: Trend in water use in the Eromanga Basin (1900 – 2015) in Queensland. (KCB 2016b) 
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Figure D.2: Change in average water levels in the Cadna-owie–Hooray aquifer group in the 

northern Eromanga sub-basin in Queensland. (KCB 2016b) 

 

New South Wales 

Groundwater levels, artesian pressure, artesian flow and temperature are regularly monitored at 

123 sites throughout the Great Artesian Basin within New South Wales. The monitoring network 

includes 29 bores that are equipped with loggers that record data continuously which is telemetered 

so that real time data is available via the internet at 

http://realtimedata.water.nsw.gov.au/water.stm. 

Increases in artesian bore pressure are being observed (Figure D3) across large areas of the New 

South Wales Basin as a result of the capping and piping programs. Over 70% of the bores controlled 

to date are located in the Surat Groundwater Source where the artesian heads and associated 

uncontrolled artesian flows were the largest prior to the implementation of the capping program. 

This area has also seen the greatest recovery of artesian pressure with over 100 kPa (~10 m head) in 

the last decade observed in areas north of Coonamble. 

Signs of pressure recovery and reversal of declining pressure have also been monitored further west 

in the Warrego and Central Groundwater Sources. Although the area of pressure recovery is smaller 

in comparison to the Surat Groundwater Source, there has been significant head recovery monitored 

at individual bores. 

The monitoring has also shown that the rate of pressure recovery appears to be higher in the Surat 

Groundwater Source than in the Warrego and Central Groundwater Sources. 

http://realtimedata.water.nsw.gov.au/water.stm
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Figure D.3: Area of artesian pressure recovery in NSW 

 

South Australia 

Over the past 20 years in the South Australian Far North Prescribed Wells Area (PWA), the 

groundwater pressure levels of the Basin (J-K) aquifer have remained generally stable. 

In the five years to 2015, and from a total of 19 wells, nine monitoring wells (47%) show a trend of 

rising groundwater pressure levels and three wells (15%) show stable water pressure levels. Rises in 

water pressure levels ranged between 0.04–0.9 m/y, with a median of 0.19 m/y. These wells are 

located around the Oodnadatta region (Figure D.4). The remaining seven monitoring wells (38%) 

show a trend of declining groundwater pressure levels; and these wells are mainly located in the 

William Creek and Howard Springs region (Figure D.4). It should be noted that 10% of all available 

monitoring wells display their lowest level on record in 2015 (Department of Environment, Water 

and Natural Resources 2016). 

The Basin (J-K) aquifer in the Far North PWA has been assigned a green status for 2015 (meaning 

that Positive trends have been observed over the past five years). 

The 2015 status for the Basin (J-K) aquifer is based on: 

 most monitoring wells (63%) showing a five-year trend of rising or stable groundwater 

pressure levels 

 all monitoring wells showing a five-year trend of stable groundwater salinity. 

It should be noted that the majority of these available monitoring wells are concentrated in the 

south-western part of the PWA, and are related to J-K aquifer of the Basin. Therefore, the assigned 

status to the PWA cannot be extended to the whole of the Great Artesian Basin. 
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Although a green status has been assigned to the J-K aquifer of the Basin, steady declines in 

groundwater pressure levels, registered within the BHP Billiton’s Olympic Dam (Wellfield B) 

monitoring network, and salinities increases shown by the Heathgate Resources monitoring 

network, are acknowledged. 

Figure D.4: 2015 status of the groundwater levels in the Basin (J-K) aquifer of the Far North 

Prescribed Wells Area, based on five-year trends from 2011 to 2015 
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New South Wales 

Water Sharing Plan for the NSW Great Artesian Basin 
Groundwater Sources 2020 

under the 

Water Management Act 2000 

I, Melinda Pavey, the Minister for Water, Property and Housing do, by this Order, in 
pursuance of section 50 of the Water Management Act 2000, make the following 
Minister’s plan, being the Water Sharing Plan for the NSW Great Artesian Basin 
Groundwater Sources 2020. 
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Minister for Water, Property and Housing 

Explanatory note 
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Water Sharing Plan for the NSW Great Artesian Basin 
Groundwater Sources 2020 
Notes. 

1 In accordance with section 48 of the Water Management Act 2000, the Minister is to take all 
reasonable steps to give effect to the provisions of this Plan when exercising functions under the Act. 

2 In accordance with section 49 of the Water Management Act 2000, public authorities must also have 
regard to the provisions of this Plan to the extent they apply to the public authority. 

3 The Minister may amend this Plan at any time under section 45 of the Water Management Act 2000, 
including if satisfied it is in the public interest to do so, or in such circumstances, in relation to such 
matters and to such extent as Part 12 provides. 

Part 1 Introduction 

1 Name of Plan 

This Plan is the Water Sharing Plan for the NSW Great Artesian Basin Groundwater 

Sources 2020 (this Plan). 

2 Nature and status of Plan 

(1) This Plan is made under section 50 of the Water Management Act 2000 (the Act).

(2) This Plan is a plan for water sharing and generally deals with the matters set out in

sections 20 and 21 of the Act, as well as other sections of the Act.

Note. Where a provision of this Plan is made for the purposes of another section of the Act, the section 
is referred to in the notes to this Plan. 

3 Commencement 

This Plan commences on 1 July 2020. 

Notes. 

1 This Plan replaces the Water Sharing Plan for the NSW Great Artesian Basin 
Groundwater Sources 2008. 

2 In accordance with section 43 of the Act, this Plan will have effect for 10 years from 1 
July 2020. In accordance with section 43A of the Act, the Minister may extend this Plan 
for a further period of 10 years after it is due to expire. 

4 Application of Plan 

(1) This Plan applies to the following water sources known as the NSW Great Artesian

Basin Groundwater Sources within the Border Rivers Water Management Area,

Gwydir Water Management Area, Namoi Water Management Area, Central West

Water Management Area and Western Water Management Area (the groundwater

sources):

(a) the Central Groundwater Source,
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(b) the Eastern Recharge Groundwater Source,

(c) the Southern Recharge Groundwater Source,

(d) the Surat Groundwater Source,

(e) the Warrego Groundwater Source.

Note. The Border Rivers Water Management Area, Gwydir Water Management Area, Namoi 
Water Management Area, Central West Water Management Area and Western Water 
Management Area were constituted by Ministerial order made under section 11 of the Act and 
published in the NSW Government Gazette No 180 on 23 November 2001 at page 9389. 

(2) The boundaries of the groundwater sources are shown on the Plan Map

(WSP040_Version 2) Water Sharing Plan for the NSW Great Artesian Basin

Groundwater Sources 2020 (the Plan Map), held by the Department.

Notes.

1 The Plan Map shows the extent of the groundwater sources. The extent of the 
groundwater sources below the surface of the ground is described in subclauses (3) – 
(5). 

2 The Plan Map is part of this Plan and is available on the NSW legislation website. An 
overview of the Plan Map is shown in Appendix 1. 

(3) Subject to subclause (5), the waters in the Southern Recharge Groundwater Source

and the Eastern Recharge Groundwater Source comprise all water contained within:

(a) all rocks of Cretaceous, Jurassic and Cenozoic age, and

(b) all unconsolidated alluvial sediments below the surface of the ground

within the boundaries of the Southern Recharge Groundwater Source and the Eastern 

Recharge Groundwater Source shown on the Plan Map. 

Note. Unconsolidated alluvial sediments is defined in the Dictionary. 

(4) Subject to subclause (5), the waters in the Surat Groundwater Source, the Warrego

Groundwater Source and the Central Groundwater Source comprise all water

contained within all rocks of Cretaceous and Jurassic age at a depth of more than 60

metres below the ground level within boundaries of the Surat Groundwater Source,

the Warrego Groundwater Source and the Central Groundwater Source shown on the

Plan Map.

(5) The groundwater sources do not include any water contained in the following:

(a) the water sources to which the Water Sharing Plan for the Darling Alluvial

Groundwater Sources 2020 applies,
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(b) the water sources to which the Water Sharing Plan for the Gwydir Alluvial

Groundwater Sources 2020 applies,

(c) the water sources to which the Water Sharing Plan for the Macquarie-

Castlereagh Groundwater Sources 2020 applies,

(d) the water sources to which the Water Sharing Plan for the Namoi Alluvial

Groundwater Sources 2020 applies,

(e) the water sources to which the Water Sharing Plan for the NSW Border Rivers

Alluvial Groundwater Sources 2020 applies,

(f) the water sources to which the Water Sharing Plan for the NSW Great Artesian

Basin Shallow Groundwater Sources 2020 applies,

(g) the water sources to which the Water Sharing Plan for the NSW Murray

Darling Basin Fractured Rock Groundwater Sources 2020 applies,

(h) the water sources to which the Water Sharing Plan for the NSW Murray

Darling Basin Porous Rock Groundwater Sources 2020 applies.

(6) The high priority groundwater-dependent ecosystems for the purposes of this Plan are:

(a) shown on the High Priority Groundwater-Dependent Ecosystem Map

(GDE025_Version 1), Water Sharing Plan for the NSW Great Artesian Basin

Groundwater Sources 2020 (the High Priority Groundwater-Dependent

Ecosystem Map), held by the Department, or

(b) identified in Schedule 2.

Notes. 

1 Groundwater-dependent ecosystem is defined in the Dictionary. 

2 The High Priority Groundwater-Dependent Ecosystem Map is part of this Plan and is 
available on the NSW legislation website. An overview of the High Priority Groundwater-
Dependent Ecosystem Map is shown in Appendix 2. 

3 A map of the high priority groundwater-dependent ecosystems identified in Schedule 2 is 
shown in Appendix 3. 

5 Interpretation 

(1) Unless otherwise defined in this Plan, words and expressions that are defined in the

Act or in the regulations made under the Act have the same meaning in this Plan.

(2) Words and expressions that are defined in the Dictionary to this Plan have the

meaning set out in the Dictionary.
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(3) Unless otherwise specified in this Plan, a clause that applies to a category of access 

licence also applies to any subcategories of that category of access licence. 

(4) The Dictionary and Schedules to this Plan form part of this Plan. 

(5) The Plan Map and the High Priority Groundwater-Dependent Ecosystem Map form 

part of this Plan. 

(6) Notes in the text of this Plan do not form part of this Plan. 

(7) Appendices to this Plan do not form part of this Plan. 
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Part 2 Vision, objectives, strategies and performance indicators 

Notes. 

1 This Part is made in accordance with section 35 (1) of the Act. 

2 This Part describes broad objectives, which are the long-term outcomes of this Plan and are not 
directly measured but evaluated by considering the cumulative achievement of the associated targeted 
objectives. Targeted objectives described in this Part are specific outcomes that can be achieved by 
the strategies in this Plan and can be directly measured so that success or failure to achieve the 
objective can be quantified. 

6 Acknowledgement 

Respect is paid to the traditional owners of this country, who are acknowledged as the first 
natural resource managers within the Border Rivers Water Management Area, Gwydir Water 
Management Area, Namoi Water Management Area, Central West Water Management Area 
and Western Water Management Area. 

7 Vision statement 

The vision for this Plan is to provide for the following: 

(a) the protection of the condition of the groundwater sources and their dependent

ecosystems,

(b) the continuing productive extraction of groundwater for economic benefit,

(c) the social and cultural benefits to urban and rural communities that result from

groundwater extraction,

(d) the spiritual, social, customary and economic benefits of groundwater to

Aboriginal communities.

8 Environmental objectives 

(1) The broad environmental objective of this Plan is to protect the condition of the

groundwater sources and their groundwater-dependent ecosystems over the term of

this Plan.

(2) The targeted environmental objectives of this Plan are as follows:

(a) to protect the extent and condition of high priority groundwater-dependent

ecosystems,

(b) to contribute to the maintenance of salinity levels within water quality target

ranges that support high priority groundwater-dependent ecosystems,

(c) to contribute to the prevention of structural damage to an aquifer of the

groundwater sources resulting from groundwater extraction.

Note. Structural damage to an aquifer is defined in the Dictionary.
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(3) The strategies for reaching the targeted environmental objectives of this Plan are as 

follows: 

(a) reserve all water for the environment in excess of the limits to the availability of 

water, 

Note. Part 4 reserves all water remaining above the long-term average annual extraction 
limits for the environment. 

(b) manage extractions under access licences and basic landholder rights within the 

limits to the availability of water, 

Note. Part 6 manages extraction of groundwater within the long-term average annual 
extraction limits. 

(c) manage the construction and use of water supply works to minimise impacts on 

high priority groundwater-dependent ecosystems and groundwater quality, 

Note. Part 9 sets provisions that manage the location, construction and use of water 
supply works to prevent impacts on high priority groundwater-dependent ecosystems 
and from sources of contaminated water. 

(d) reduce the volume of water lost through inefficient infrastructure by phasing 

out the use of bore drains in the exercise of basic landholder rights. 

Note. This Plan includes provisions for the management of domestic and stock 
(conveyance) access licences which, when granted, are intended to be used in the 
management of inefficient water distribution systems. 

(4) The performance indicator used to measure the success of the strategies for reaching 

the broad environmental objective in subclause (1) is an evaluation of the extent to 

which the combined outcomes of the targeted objectives in subclause (2) have 

contributed to achieving the broad objective. 

(5) The performance indicators used to measure the success of the strategies for reaching 

the targeted environmental objectives in subclause (2) are the changes in trends in 

ecological condition during the term of this Plan as assessed using one or more of the 

following: 

(a) the extent and recorded condition of high priority groundwater-dependent 

ecosystems, 

(b) the recorded condition of target populations of high priority groundwater-

dependent native vegetation, 

(c) the recorded values of total dissolved solids, 

Notes.  

1 Total dissolved solids will be used as a measure of salinity levels. 

2 Total dissolved solids is defined in the Dictionary. 
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(d) the recorded values of groundwater levels and pressures, 

(e) the extent of bore drains in use. 

(6) In evaluating the effectiveness of the strategies in meeting the objectives in this 

clause, the following will be relevant: 

(a) the extent to which the strategies in subclause (3) and provisions in this Plan 

have been implemented and complied with, 

(b) the extent to which changes in the performance indicators can be attributed to 

the strategies in subclause (3) and provisions in this Plan, 

(c) the extent to which the strategies in subclause (3) support achievement of the 

environmental objectives, 

(d) the extent to which external influences on the groundwater sources and their 

dependent ecosystems have affected progress toward achieving the 

environmental objectives. 

Note. External influences may include long- and short-term climate trends, land use 
patterns and other factors. 

9 Economic objectives  

(1) The broad economic objective of this Plan is to provide access to groundwater to 

optimise economic benefits for groundwater-dependent businesses and local 

economies. 

(2) The targeted economic objectives of this Plan are as follows: 

(a) to provide groundwater trading opportunities for groundwater-dependent 

businesses, 

Note. Trading is a generic term referring to dealings under Division 4 of Part 2 of 
Chapter 3 of the Act. 

(b) to provide access to groundwater in the long term for groundwater-dependent 

businesses, 

(c) to contribute to the maintenance of groundwater salinity levels within ranges 

that maintain a beneficial use category that supports groundwater-dependent 

businesses. 

Note. Beneficial use category is defined in the Dictionary. 

(3) The strategies for reaching the targeted economic objectives of this Plan are as 

follows: 
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(a) provide a clear framework for sharing water among water users, 

Note. Part 6 provides certainty in how available water is determined and shared 
between individual access licence holders and different categories of access licences. 

(b) where possible and subject to assessment of local impacts, provide for 

flexibility of access to water and trade of water allocations and entitlements 

within the groundwater sources, 

Notes.  

1 The account management provisions in Part 8, including those relating to the 
amount of water that may be carried over from one water year to the next, and 
the volume of water that can be taken in any water year, provide flexibility for 
water users. 

2 The provisions in Part 10 permit a variety of dealings within environmental and 
resource constraints, including assignment of rights under access licences and 
assignment of water allocations between access licences. 

(c) manage extractions to specified limits over the long term, 

Note. Managing extractions to limits over the long term ensures the groundwater will be 
available for future beneficial economic uses. 

(d) manage the construction and use of water supply works to minimise impacts on 

groundwater pressures and groundwater quality. 

(4) The performance indicator used to measure the success of the strategies for reaching 

the broad economic objective in subclause (1) is an evaluation of the extent to which 

the combined outcomes of the targeted economic objectives in subclause (2) have 

contributed to achieving the broad objective. 

(5) The performance indicators used to measure the success of the strategies for reaching 

the targeted economic objectives in subclause (2) are the changes or trends in 

economic benefits during the term of this Plan as assessed using one or more of the 

following: 

(a) the economic benefits of water extraction and use, 

(b) the economic benefits of water trading as demonstrated by: 

(i) the annual number or volume of share components of access licences 

transferred or assigned, and 

(ii) the weighted average unit price of share components of access licences 

transferred or assigned, and 

Note. Weighted average unit price is defined in the Dictionary. 

(iii) the annual volume of water allocations assigned, and 
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(iv) the weighted average unit price of water allocations assigned,

(c) the recorded values of total dissolved solids,

(d) the recorded values of groundwater levels and pressures.

(6) In evaluating the effectiveness of the strategies in meeting the objectives in this

clause, the following will be relevant:

(a) the extent to which the strategies in subclause (3) and provisions in this Plan

have been implemented and complied with,

(b) the extent to which the changes in the economic benefits of water extraction

and use can be attributed to the strategies in subclause (3) and provisions in this

Plan,

(c) the extent to which the strategies in subclause (3) support achievement of the

economic objectives,

(d) the extent to which external influences on groundwater-dependent businesses

have affected progress towards achieving the economic objectives.

Note. External influences may include trends in urban, agricultural and industrial
development, energy costs, commodity prices, interest rates, technology advances,
climate and changes in industry policy or regulation.

10 Aboriginal cultural objectives 

(1) The broad Aboriginal cultural objective of this Plan is to maintain the spiritual, social,

customary and economic values and uses of groundwater by Aboriginal people.

(2) The targeted Aboriginal cultural objectives of this Plan are as follows:

(a) to provide access to groundwater in the exercise of native title rights,

(b) to provide access to groundwater for Aboriginal cultural use,

(c) to protect groundwater-dependent culturally significant areas,

Note. Groundwater-dependent culturally significant area is defined in the Dictionary.

(d) to contribute to the maintenance of groundwater salinity levels within existing

ranges that support groundwater-dependent Aboriginal cultural values and uses.

(3) The strategies for reaching the targeted Aboriginal cultural objectives of this Plan are

as follows:

(a) manage access to groundwater consistently with the exercise of native title

rights,
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(b) provide for groundwater associated with Aboriginal cultural values and 

purposes, 

Note. The provisions in Part 7 provide opportunities for Aboriginal people to access 
water by allowing for the granting of an aquifer access licence of the subcategory 
“Aboriginal cultural”. 

(c) manage extractions under access licences and basic landholder rights within the 

extraction limits, 

Note. The provisions in Part 6 manage extraction of groundwater within the extraction 
limits for the groundwater sources. This helps to protect any culturally significant areas 
from damage associated with long-term declines in water levels. 

(d) manage the construction and use of water supply works to minimise impacts on 

groundwater-dependent culturally significant areas and groundwater quality. 

Note. The provisions in Part 9 manage the location, construction and use of water 
supply works to prevent impacts on culturally significant areas and from sources of 
contaminated water. 

(4) The performance indicator used to measure the success of the strategies for reaching 

the broad Aboriginal cultural objective in subclause (1) is an evaluation of the extent 

to which the combined outcomes of the targeted Aboriginal cultural objectives in 

subclause (2) have contributed to achieving the broad objective. 

(5) The performance indicators used to measure the success of the strategies for reaching 

the targeted Aboriginal cultural objectives in subclause (2) are the changes or trends in 

Aboriginal cultural benefits during the term of this Plan as assessed using one or more 

of the following: 

(a) the use of water by Aboriginal people, by measuring factors including: 

(i) the extent to which native title rights are capable of being exercised, 

consistent with any determination of native title, 

(ii) the extent to which access to water has contributed to the achievement of 

Aboriginal cultural outcomes, 

(b) the extent to which Aboriginal people have considered the operation of this 

Plan to be beneficial to meeting their needs for groundwater-dependent 

Aboriginal cultural uses and values, 

(c) the extent to which changes in the use of water by Aboriginal people can be 

attributed to the strategies in subclause (3) and the provisions in this Plan, 

(d) the recorded values of total dissolved solids, 

(e) the recorded values of groundwater levels and pressures. 
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(6) In evaluating the effectiveness of the strategies in meeting the Aboriginal cultural 

objectives in this clause, the following will be relevant: 

(a) the extent to which the strategies in subclause (3) and provisions in this Plan 

have been implemented and complied with, 

(b) the extent to which changes in the performance indicators can be attributed to 

the strategies in subclause (3) and provisions in this Plan, 

(c) the extent to which the strategies in subclause (3) support achievement of the 

Aboriginal cultural objectives, 

(d) the extent to which external influences on the groundwater-dependent 

Aboriginal cultural activities have affected progress toward achieving the 

Aboriginal cultural objectives. 

11 Social and cultural objectives 

(1) The broad social and cultural objective of this Plan is to provide access to 

groundwater to support groundwater-dependent social and cultural values. 

(2) The targeted social and cultural objectives of this Plan are as follows: 

(a) to provide for access to water for basic landholder rights, town water supply 

and licensed domestic and stock purposes, 

(b) to provide for access to water for groundwater-dependent cultural and 

community purposes, 

(c) to contribute to the maintenance of groundwater salinity levels within ranges 

that maintain a beneficial use category that supports groundwater-dependent 

community uses. 

(3) The strategies for reaching the targeted social and cultural objectives of this Plan are 

as follows: 

(a) provide groundwater for basic landholder rights, town water supply, and for 

licensed domestic and stock purposes, 

Note. The provisions in Part 6 ensure that water is available for basic landholder rights, 
town water supply and licensed domestic and stock purposes. 

(b) manage the construction and use of water supply works to minimise impacts on 

basic landholder rights and town water supply, 

Note. Part 9 includes provisions that manage the location, construction and use of water 
supply works to minimise the impacts of extraction on groundwater supplies for basic 
landholder rights and towns. 
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(c) manage the construction and use of water supply works to minimise impacts on

groundwater quality.

Note. Part 9 includes provisions that manage the location, construction and use of water
supply works to prevent contamination impacts on groundwater quality.

(4) The performance indicator used to measure the success of the strategies for reaching

the broad social and cultural objective in subclause (1) is an evaluation of the extent to

which the combined outcomes of the targeted social and cultural objectives in

subclause (2) have contributed to achieving the broad objective.

(5) The performance indicators used to measure the success of the strategies for reaching

the targeted social and cultural objectives in subclause (2) are the changes or trends in

social and cultural benefits during the term of this Plan as assessed using one or more

of the following:

(a) the social and cultural uses of water during the term of this Plan, by measuring

factors including:

(i) the extent to which basic landholder rights and licensed domestic and

stock purposes have been met, and

(ii) the extent to which local water utility access licence requirements have

been met,

(b) the recorded values of total dissolved solids,

(c) the recorded values of groundwater levels and pressures.

(6) In evaluating the effectiveness of the strategies in meeting the social and cultural

objectives in this clause, the following will be relevant:

(a) the extent to which the strategies in subclause (3) and provisions in this Plan

have been implemented and complied with,

(b) the extent to which the changes in the performance indicators can be attributed

to the strategies in subclause (3) and provisions in this Plan,

(c) the extent to which the strategies in subclause (3) support achievement of the

social and cultural objectives,

(d) the extent to which external influences on social and cultural activities

dependent on the groundwater sources during the term of this Plan have

affected progress toward achieving the social and cultural objectives.
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Note. External influences may include trends in urban, agricultural and industrial 
development, social or cultural behaviour, climate and changes in policy or regulation. 
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Part 3 Bulk access regime 

12 Bulk access regime 

(1) This Plan establishes a bulk access regime for the extraction of water under access 

licences, having regard to the following: 

(a) the planned environmental water established under Part 4, 

(b) the requirements for water to satisfy basic landholder rights identified under 

Part 5, 

(c) the requirements for water for extraction under access licences identified under 

Part 5, 

(d) the access licence dealing rules established under Part 10. 

(2) The bulk access regime: 

(a) establishes rules, according to which: 

(i) access licences are to be granted as provided for in Part 7, and 

(ii) available water determinations are to be made as provided for in Part 6, 

and 

(iii) access licences are to be managed as provided for in Part 8, and 

(b) establishes rules with respect to the priorities according to which water 

allocations are to be adjusted as a consequence of any reduction in the 

availability of water due to an increase in extraction above the limits to the 

availability of water contained in Part 6, and 

(c) recognises and is consistent with the following: 

(i) the limits to the availability of water as provided for in Part 6, 

(ii) the water management principles under section 5 of the Act, 

(iii) the effect of climatic variability on the availability of water as described 

in clause 13, and 

(d) contains provisions with respect to the mandatory conditions to be imposed on 

access licences in Part 11. 
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13 Climatic variability 

This Plan recognises the effects of climatic variability on groundwater levels through 

provisions contained in Part 6 that manage the sharing of water within the limits of 

water availability on a long-term basis. 

Note. Other statutory tools are available to manage for climatic variability within a water source, 
for example, temporary water restrictions under section 324 of the Act. 
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Part 4 Environmental water provisions 

Note. This Part is made in accordance with section 8 of the Act. 

14 General 

This Part contains environmental water provisions that commit, identify, establish and 

maintain planned environmental water. 

Note. In accordance with the Act, planned environmental water is water that is committed by 
management plans for fundamental ecosystem health or other specified environmental 
purposes, either generally or at specified times or in specified circumstances and that cannot, to 
the extent committed, be taken or used for any other purpose. 

15 Commitment and identification of planned environmental water 

Water is committed and identified as planned environmental water by reference to the 

following: 

(a) the long-term average annual commitment of water as planned environmental 

water, 

(b) the water that is not committed after the commitments to basic landholder rights 

and for sharing and extraction under any other rights have been met. 

16 Establishment and maintenance of planned environmental water 

(1) Planned environmental water is established in each of the groundwater sources as 

follows: 

(a) the long-term average annual commitment of water as planned environmental 

water, resulting from compliance with the limits to the availability of water in 

accordance with the provisions specified in Part 6, 

Note. Groundwater sources generally store large volumes of water that may have 
accumulated over thousands of years. This stored water is also replenished from time to 
time by rainfall, river and flood flows, and through flow from other groundwater sources. 
The provisions in Part 6 ensure that there will be water remaining in the groundwater 
sources over the long term by maintaining compliance with the long-term extraction 
limits. The long-term extraction limits specified in Part 6 represent a small fraction of the 
water in the groundwater sources. The remaining water is planned environmental water. 

(b) the water remaining after water has been taken under basic landholder rights, 

access licences and any other rights under the Act, and the water that cannot be 

carried over from one water year to the next, in accordance with the provisions 

specified in Part 6 and Part 8. 

Note. The provisions in Part 8 limit the amount of water allocation in a water allocation 
account for an access licence that can be taken from the groundwater sources in any 
one water year and, if permitted by Part 8, that can be carried over from one water year 
to the next water year. In addition to the water referred to in subclause (1) (a), subclause 
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(1) (b) commits any unused water allocations that cannot be carried over for use in
subsequent water years as planned environmental water.

(2) The planned environmental water established under subclause (1) is maintained by the

provisions in Part 6 and Part 8.

Note. The rules in Part 9 also provide mechanisms to ensure that no more than minimal harm will be 
done to high priority groundwater-dependent ecosystems, groundwater-dependent culturally significant 
areas, groundwater quality and groundwater levels and pressures at a local scale as a result of the 
granting or amending of a water supply work approval. 
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Part 5 Requirements for water 

Division 1 General 

17 Application 

(1) This Part identifies the requirements for water for basic landholder rights (Division 2) 

and for extraction under access licences (Division 3). 

(2) The volumes of water specified in this Part represent the estimated requirements for 

water to satisfy basic landholder rights and the total volumes or unit shares specified 

in the share components of all access licences on commencement of this Plan. 

(3) This Plan recognises that requirements for water for basic landholder rights and the 

total share components of access licences may change during the term of this Plan. 

Notes. 

1 The total share components of access licences in the groundwater sources may change 
during the term of this Plan as a result of: 

(a) the grant, surrender or cancellation of access licences in the groundwater 
sources, or 

(b) the variation of local water utility licences under section 66 of the Act. 

2 Basic landholder rights requirements may increase as provided for under the Act. This 
Plan manages changes in basic landholder rights and total share components of all 
access licences through provisions in Part 6 that manage the sharing of water within the 
limits of water availability. 

3 Inherent water quality and land use activities may make the groundwater in some areas 
unsuitable for some purposes or uses. Groundwater should not be consumed, or 
otherwise used, without first being tested and, if necessary, appropriately treated to 
ensure it is fit for purpose. Testing and treatment are the responsibility of the water user. 

Division 2 Requirements for water for basic landholder rights 

Note. Under the Act, basic landholder rights are defined as domestic and stock rights, native title rights and 
harvestable rights. There are no harvestable rights in the groundwater sources. Under the Act, basic 
landholder rights authorise the take of groundwater without the need for an access licence or water use 
approval, although a water supply work approval is still required to construct a water bore. 

18 Domestic and stock rights 

On the commencement of this Plan, the water requirements of persons entitled to 

domestic and stock rights are estimated to total 44,500 megalitres per year (ML/year) 

and are distributed as follows: 

(a) 3,800 ML/year in the Central Groundwater Source, 

(b) 3,200 ML/year in the Eastern Recharge Groundwater Source, 
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(c) 13,500 ML/year in the Southern Recharge Groundwater Source, 

(d) 20,400 ML/year in the Surat Groundwater Source, 

(e) 3,600 ML/year in the Warrego Groundwater Source. 

Notes. 

1 Domestic and stock rights are set out in section 52 of the Act and must be exercised in 
accordance with any mandatory guidelines established under the Act for the taking and 
use of water for domestic consumption or stock watering. 

2 Under section 331 of the Act, the Minister may direct the holder of a domestic and stock 
right to take specified measures to protect the environment, to preserve basic landholder 
rights or to overcome a threat to public health. 

3 The volumes set out in this clause are separate from any volumes of water that may be 
taken under an access licence for domestic and stock purposes. 

4 These water requirements represent potential demand for domestic and stock purposes, 
which have been estimated based on stocking rates, human population and the number 
of properties in the groundwater sources. 

19 Native title rights 

The requirement for water to satisfy native title rights is the water that may be taken in 

the exercise of native title rights in accordance with the Native Title Act 1993 of the 

Commonwealth, including: 

(a) the native title determination for the Barkandji Traditional Owners #8 (Part A, 

National Native Title Tribunal references NCD2015/001), and 

(b) any other determination of native title, and 

(c) any indigenous land use agreement. 

Notes. 

1 A map of the native title determination area can be viewed by searching the National 
Native Title Tribunal website at www.nntt.gov.au. 

2 This Plan may be amended if there is an additional or change to a native title 
determination in accordance with the Native Title Act 1993 of the Commonwealth by 
which water is required. 

3 This Plan may be amended if consultation with native title holders identifies more 
specific requirements for water to satisfy native title rights. 

4 Native title rights may be exercised in accordance with the Native Title Act 1993 of the 
Commonwealth, including section 211 of that Act. 

Division 3 Requirements for water under access licences 

Note. This Division sets out the total volumes or unit shares in the share components of access licences in 
the groundwater sources at the commencement of this Plan. The actual volume of water available from year 
to year will depend on climate, access licence priority and the provisions in this Plan. 
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20 Share components of domestic and stock access licences 

On the commencement of this Plan, it is estimated that the share components of 

domestic and stock access licences total 32 ML/year, distributed as follows: 

(a) 32 ML/year in the Eastern Recharge Groundwater Source, 

(b) 0 ML/year in all other groundwater sources. 

21 Share components of domestic and stock (conveyance) access licences 

On the commencement of this Plan, it is estimated that the share components of 

domestic and stock (conveyance) access licences total 0 ML/year. 

22 Share components of local water utility access licences 

On the commencement of this Plan, it is estimated that the share components of local 

water utility access licences total 6,736 ML/year, distributed as follows: 

(a) 25 ML/year in the Central Groundwater Source, 

(b) 0 ML/year in the Eastern Recharge Groundwater Source, 

(c) 3,066 ML/year in the Southern Recharge Groundwater Source, 

(d) 3,393 ML/year in the Surat Groundwater Source, 

(e) 252 ML/year in the Warrego Groundwater Source. 

23 Share components of aquifer access licences 

On the commencement of this Plan, it is estimated that the share components of 

aquifer access licences total 65,412 unit shares, distributed as follows: 

(a) 43 unit shares in the Central Groundwater Source, 

(b) 34,974 unit shares in the Eastern Recharge Groundwater Source, 

(c) 24,462 unit shares in the Southern Recharge Groundwater Source, 

(d) 5,527 unit shares in the Surat Groundwater Source, 

(e) 406 unit shares in the Warrego Groundwater Source. 
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Part 6 Limits to the availability of water 

Division 1 Limits 

24 Long-term average annual extraction limits 

(1) The long-term average annual extraction limit for the Central Groundwater Source is

the sum of the following:

(a) 5,193 ML/year, plus

(b) the volume of water lost through the use of inefficient water distribution

systems in the exercise of domestic and stock rights, as determined by the

Minister, plus

(c) 30% of the water savings made under cap and pipe projects undertaken after the

commencement of this Plan, as determined by the Minister.

Notes. 

1 Cap and pipe project is defined in the Dictionary. 

2 The volume in subclause (a) represents the basic landholder right requirements in the 
groundwater source specified in Division 2 of Part 5, plus the licensed entitlements that 
existed in 2008, plus 30% of the water savings made under cap and pipe projects from 
1999 to the commencement of this Plan. 

3 The water accounted for under subclause (b) is the uncontrolled flow from a bore that is 
in excess of the water used for domestic consumption and stock watering. Once the 
bore is capped and piped, this water will cease to be accounted for under subclause (b) 
and the long-term average annual extraction limit will reduce. However, the level of 
reduction will be equivalent to 70% of this saved water, with the remaining 30% 
accounted for under subclause (c). 

(2) The long-term average annual extraction limit for the Eastern Recharge Groundwater

Source is 16,200 ML/year.

(3) The long-term average annual extraction limit for the Southern Recharge

Groundwater Source is 38,700 ML/year.

(4) The long-term average annual extraction limit for the Surat Groundwater Source is the

sum of the following:

(a) 43, 446 ML/year, plus

(b) the volume of water lost through the use of inefficient water distribution

systems in the exercise of domestic and stock rights, as determined by the

Minister, plus
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(c) 30% of the water savings made under cap and pipe projects undertaken after the 

commencement of this Plan, as determined by the Minister. 

(5) The long-term average annual extraction limit for the Warrego Groundwater Source is 

the sum of the following: 

(a) 8,816 ML/year, plus 

(b) the volume of water lost through the use of inefficient water distribution 

systems in the exercise of domestic and stock rights, as determined by the 

Minister, plus 

(c) 30% of the water savings made under cap and pipe projects undertaken after the 

commencement of this Plan, as determined by the Minister. 

25 Calculation of annual extraction 

The Minister is to determine the volume of water taken during a water year for each of 

the groundwater sources under the following entitlements (the annual extraction): 

(a) all categories of access licences, 

(b) basic landholder rights. 

26 Assessment of compliance with long-term average annual extraction limits 

(1) The Minister is to undertake an assessment under this clause comparing the long-term 

average annual extraction limit for each of the groundwater sources against the 

average of annual extraction for the preceding five water years for the respective 

groundwater source. 

(2) There is non-compliance with a long-term average annual extraction limit if the 

average of annual extraction for a groundwater source in the preceding five water 

years exceeds the long-term average annual extraction limit for that groundwater 

source by 10% or more. 

27 Compliance with limits 

(1) If an assessment for a groundwater source under clause 26 demonstrates non-

compliance with the long-term average annual extraction limit, the Minister is to take 

any one or more of the following actions in the respective groundwater source: 

(a) reduce the volume under clause 34(3)(a) relating to the maximum water 

account debit for aquifer access licences, 

Note. Water account debit has the meaning set out in clause 34. 
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(b) make an available water determination for aquifer access licences in accordance 

with clause 32 of less than 1 megalitre (ML) per unit share of access licence 

share component. 

(2) Any action under subclause (1) is to be taken to the extent the Minister considers is 

necessary to return average annual extractions in the relevant groundwater source to 

the long-term average annual extraction limit. 

(3) If the Minister reduces a maximum water account debit under subclause (1) (a), the 

Minister may increase the maximum water account debit for aquifer access licences 

later in the water year, up to the limit specified in clause 34 (3). 

(4) If the Minister makes a reduced available water determination pursuant to subclause 

(1) (b), the Minister may make further available water determinations in the water 

year up to the limit specified in clause 28 (2). 

Division 2 Available water determinations 

Note. When making an available water determination at the commencement of a water year, the Minister may 
also make known the maximum water account debit for aquifer access licences under clause 34 for that water 
year, which can be reduced under Division 1 of this Part. 

28 General 

(1) Available water determinations are to be expressed as one of the following: 

(a) for an access licence specifying the share component in ML/year— a 

percentage of the share component, 

(b) for an access licence specifying the share component as a number of unit 

shares— ML per unit share. 

(2) The sum of available water determinations made for any access licence must not 

exceed the following in any water year: 

(a) for an access licence specifying the share component in ML/year— 100% of the 

access licence share component, 

(b) for an access licence specifying the share component as a number of unit 

shares— 1 ML per unit share of the access licence share component. 

Note. If the Minister makes an available water determination of less than 1 ML per unit share of the 
access licence share component, the Minister may make further available water determinations during 
a water year, subject to subclause (2). 
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29 Available water determinations for domestic and stock access licences 

Unless the Minister otherwise determines, at the commencement of each water year an 

available water determination of 100% of the access licence share component is to be 

made for domestic and stock access licences. 

30 Available water determinations for domestic and stock (conveyance) access 

licences 

Unless the Minister otherwise determines, at the commencement of each water year an 

available water determination of 100% of the access licence share component is to be 

made for domestic and stock access (conveyance) licences. 

31 Available water determinations for local water utility access licences 

Unless the Minister otherwise determines, at the commencement of each water year an 

available water determination of 100% of the access licence share component is to be 

made for local water utility access licences. 

32 Available water determinations for aquifer access licences 

Unless the Minister otherwise determines, at the commencement of each water year an 

available water determination of 1 ML per unit share is to be made for aquifer access 

licences. 
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Part 7 Rules for granting access licences 

Notes. 

1 This Part is made in accordance with sections 61 of the Act. Section 61 of the Act provides for 
applications for specific purpose access licences in accordance with the regulations and the relevant 
water sharing plan. 

2 Access licences in the groundwater sources are granted subject to mandatory conditions required to 
be imposed by this Plan, the regulations and the Act, and may also be subject to discretionary 
conditions. 

33 Specific purpose access licences 

(1) The Minister must not grant a specific purpose access licence unless satisfied that the

share and extraction components of the access licence are the minimum required for

the proposed use.

(2) A person may make an application for an aquifer (Aboriginal cultural) access licence

only if the share component of the proposed access licence is no greater than 10

ML/year.

(3) A person may make an application for an aquifer (Aboriginal community

development) access licence only if the share component of the proposed access

licence is no greater than 50 ML/year.

(4) A person may make an application for a domestic and stock (conveyance) access

licence for delivering water to be used for domestic consumption and stock watering

only if, in the Minister’s opinion, the water taken under the access licence is being

conveyed through an inefficient water distribution system.

(5) The Minister may only grant an aquifer (Aboriginal cultural) access licence for the

taking of water by an Aboriginal person or Aboriginal community for any personal,

domestic or communal purpose, including drinking, food preparation, washing,

manufacturing traditional artefacts, watering domestic gardens, cultural teaching,

hunting, fishing, gathering and for recreational, cultural and ceremonial purposes.

Note. Aboriginal person is defined in the Dictionary.
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Part 8 Operation of water allocation accounts 

Notes. 

1 Section 85 of the Act provides for the keeping of water allocation accounts for access licences. The 
provisions in this Part restrict the water that may be taken under, or assigned from, an access licence 
over a specified period of time, and the unused water allocations in water allocation accounts that may 
be carried over from one water year to the next. These restrictions are in addition to any other limits on 
access licences for the taking or assignment of water. It is an offence under section 60C of the Act to 
take water under an access licence for which there is no or insufficient water allocation. 

2 The provisions in this Part apply to the following persons: 

(a) the Minister in managing water allocation accounts, 

(b) the access licence holder, as required by mandatory conditions imposed on the access licence 
under Part 11. 

34 Water allocation account debiting 

(1) For the purposes of this Plan, a water account debit means any water allocation that is 

taken, assigned under section 71T of the Act, or otherwise debited or withdrawn from 

a water allocation account. 

(2) For domestic and stock access licences, domestic and stock (conveyance) access 

licences and local water utility access licences, the maximum water account debit in a 

water year must not exceed the following: 

(a) the sum of water allocations credited to the water allocation account for the 

access licence from available water determinations in that water year, 

(b) plus any water allocations assigned to the water allocation account for the 

access licence under section 71T of the Act in that water year, 

(c) plus any water allocations re-credited to the water allocation account for the 

access licence in accordance with section 76 of the Act in that water year. 

(3) For aquifer access licences, the maximum water account debit in a water year must 

not exceed the following: 

(a) 1.3 ML per unit share of the access licence share component or, if applicable, 

the lower volume made in accordance with clause 27, 

(b) plus any water allocations assigned to the water allocation account for the 

access licence under section 71T of the Act in that water year, 

(c) plus any water allocations re-credited to the water allocation account for the 

access licence in accordance with section 76 of the Act in that water year. 
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35 Limits on carryover 

(1) For a domestic and stock access licence, a domestic and stock (conveyance) access 

licence or a local water utility access licence, water allocations remaining in the water 

allocation account cannot be carried over from one water year to the next water year. 

(2) For an aquifer access licence, water allocations remaining in the water allocation 

account are to be carried over from one water year to the next water year, up to a 

maximum of 0.6 ML per unit share of the access licence share component. 
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Part 9 Rules for water supply work approvals 

Note. This Part is made in accordance with section 95 (3) of the Act. 

36 General 

(1) A reference in this Part to a water supply work being located within a specified 

distance includes a reference to a water supply work that is proposed to be located 

within a specified distance. 

(2) In addition to the matters listed in section 97 (2) of the Act, the Minister must not 

grant a water supply work approval unless satisfied that adequate arrangements are in 

place to ensure that there will be: 

(a) no more than a minimal detrimental effect on the ability of a person to take 

water using an existing approved water supply work and any associated access 

licences, and 

(b) no more than minimal harm to public health and safety or to a groundwater-

dependent culturally significant area, and 

(c) no more than a minimal detrimental effect on groundwater levels and pressure 

at the border of New South Wales and Queensland or South Australia. 

(3) Subclause (2) (c) does not apply if the Minister has consulted with and considered 

views of the respective state government Minister. 

(4) The Minister must not amend a water supply work approval unless satisfied of the 

matters listed in subclause (2) and section 97 (2) of the Act. 

Notes. 

New approvals 

1 Division 2 of Part 3 of Chapter 3 of the Act sets out the process for applications for, and 
granting of, approvals. 

2 Section 97 (2) of the Act provides that the Minister may only grant a water supply work 
approval if satisfied that adequate arrangements are in place to ensure that no more 
than minimal harm will be done to any water source, or its dependent ecosystems, as a 
consequence of the construction or use of the proposed water supply work. 

3 Section 96 (b) of the Act specifies that the Minister must take into account any matters 
the Minister considers relevant in determining an application for a water supply work 
approval. Under section 92 (5), the Minister may require an applicant to provide any 
additional information the Minister considers relevant to determining the application. This 
may include, for example, hydrogeological studies, hydrogeochemical studies or 
ecological studies. 

Amendment of approvals 

4 Section 107 of the Act provides for the amendment of approvals. 

Conditions of approvals 
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5 The Minister may grant a water supply work approval subject to conditions, as provided 
in sections 95 and 100 of the Act. The Minister may also, under section 102 of the Act, 
impose or vary conditions on a water supply work approval at any time as the Minister 
thinks fit. These conditions may limit the volume or rate of extraction from a water supply 
work. 

Other limits on volumes or rates of extraction 

6 The Minister may also limit the volume or rate of extraction from existing water supply 
works in the following ways: 

(a) for all water supply works within a specified area, by an order made under section
324 of the Act,

(b) for existing water supply works used solely for domestic and stock rights and
harvestable rights, by an order made under section 331 of the Act.

Provisions in this Part 

7 This Part specifies provisions in addition to those in the Act about when, and how, the 
Minister may grant or amend a water supply work approval. 

37 Rules to minimise interference between water supply works 

(1) A water supply work approval must not be granted or amended in the Eastern

Recharge Groundwater Source or the Southern Recharge Groundwater Source if the

water supply work is located within 200 metres of a water supply work that is:

(a) located on another landholding and authorised to take water solely for basic

landholder rights from the same groundwater source, or

(b) located on another landholding and nominated by another access licence, other

than a local water utility access licence.

(2) A water supply work approval must not be granted or amended in the Central

Groundwater Source, the Surat Groundwater Source or the Warrego Groundwater

Source if the water supply work is located within 500 metres of a water supply work

that is:

(a) located on another landholding and authorised to take water solely for basic

landholder rights from the same groundwater source, or

(b) located on another landholding and nominated by another access licence, other

than a local water utility access licence.

(3) A water supply work approval must not be granted or amended if the water supply

work is located within:

(a) 200 metres of the boundary of the landholding on which the water supply work

is located, unless the owner of the landholding adjoining the boundary has

provided consent in writing,
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(b) 1,000 metres of a water supply work that is nominated by a local water utility 

access licence or a major utility access licence authorised to take water from the 

same groundwater source, unless the holder of the local water utility access 

licence or major utility access licence has provided consent in writing,  

(c) 400 metres of a Government monitoring or observation bore. 

Note. Government monitoring or observation bore is defined in the Dictionary. 

(4) The location restrictions specified in subclauses (1) – (3) do not apply to the granting 

or amending of a water supply work approval if the Minister is satisfied of any of the 

following: 

(a) the water supply work is used solely for basic landholder rights, 

Note. Rules for water supply work approvals used solely for basic landholder rights are 
specified in clause 41. 

(b) the water supply work is a replacement groundwater work, 

Note. Replacement groundwater work is defined in the Dictionary.  

(c) the water supply work is used solely for the purpose of monitoring, 

environmental remediation activities or emergency services, 

(d) the location of the water supply work at a lesser distance than that specified in 

subclause (1) would result in no more than a minimal detrimental effect on the 

ability of a person to take water using an existing approved water supply work 

and any associated access licences. 

38 Rules for water supply works located near contamination sources 

(1) A water supply work approval must not be granted or amended if, in the Minister’s 

opinion, the water supply work is located: 

(a) within 500 metres of a contamination source listed in Schedule 1, or 

(b) within 250 metres of the edge of a plume associated with a contamination 

source listed in Schedule 1, or 

(c) between 250 metres and 500 metres from the edge of a plume associated with a 

contamination source listed in Schedule 1, unless the Minister is satisfied that 

no change in groundwater level will occur within 250 metres of that plume as a 

result of the location of that water supply work. 
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(2) The location restrictions specified in subclause (1) do not apply to the granting or 

amending of a water supply work approval if the Minister is satisfied of any of the 

following: 

(a) the location of the water supply work is adequate to protect the groundwater 

source, the environment and public health and safety, 

(b) the water supply work is for the purpose of monitoring, environmental 

remediation activities or emergency services. 

(3) A water supply work approval for a water supply work located within 250 metres of 

an on-site sewage disposal system may only be granted or amended in the Eastern 

Recharge Groundwater Source and Southern Recharge Groundwater Source if the 

water supply work is: 

(a) constructed with cement grout in the borehole annulus to a minimum depth of 

20 metres from the ground surface, and 

Note. Borehole annulus is defined in the Dictionary. 

(b) in the Minister’s opinion, located at a sufficient distance from the on-site 

sewage disposal system to prevent migration of septic contamination in the 

aquifer. 

(4) The Minister may modify the depth requirement in subclause (3) (a) if satisfied of any 

of the following: 

(a) adequate arrangements are in place to protect the groundwater source, the 

environment and public health and safety, 

(b) the water supply work is for the purpose of monitoring or environmental 

remediation activities. 

39 Rules for water supply works located near high priority groundwater-

dependent ecosystems 

(1) A water supply work approval must not be granted or amended in the Eastern 

Recharge Groundwater Source and Southern Recharge Groundwater Source if, in the 

Minister’s opinion, the water supply work is located within any of the following: 

(a) 40 metres of the top of the high bank of a river, 

Note. Top of the high bank of a river is defined in the Dictionary. 
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(b) 1,000 metres of any of the high priority groundwater-dependent ecosystems 

identified in Schedule 2 if the water supply work is: 

(i) nominated by an access licence, other than a local water utility access 

licence, and 

(ii) authorised to take up to and including 20 ML/year, 

(c) 5,000 metres of any of the high priority groundwater-dependent ecosystems 

identified in Schedule 2 if the water supply work is: 

(i) nominated by an access licence, other than a local water utility access 

licence, and 

(ii) authorised to take over 20 ML/year, 

(d) 5,000 metres of any of the high priority groundwater-dependent ecosystems 

identified in Schedule 2 if the water supply work is nominated by a local water 

utility access licence, 

(e) 200 metres of any other high priority groundwater-dependent ecosystem shown 

on the High Priority Groundwater-Dependent Ecosystem Map. 

(2) A water supply work approval must not be granted or amended in the Central 

Groundwater Source, Surat Groundwater Source and Warrego Groundwater Source if, 

in the Minister’s opinion, the water supply work is located within any of the 

following: 

(a) 40 metres of the top of the high bank of a river, 

(b) 50,000 metres of any of the high priority groundwater-dependent ecosystems 

identified in Schedule 2. 

(3) The location restrictions specified in subclauses (1) and (2) do not apply to the 

granting or amending of a water supply work approval if the Minister is satisfied of 

any of the following: 

(a) the water supply work is used solely for basic landholder rights, 

(b) the water supply work is a replacement groundwater work, 

(c) the water supply work is used solely for the purpose of monitoring, 

environmental remediation activities or emergency services, 
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(d) the location of the water supply work at a lesser distance than that specified in 

subclauses (1) and (2) would result in no more than minimal harm to any high 

priority groundwater-dependent ecosystem shown on the High Priority 

Groundwater-Dependent Ecosystem Map or identified in Schedule 2. 

Note. Rules for water supply works used solely for basic landholder rights are specified in 
clause 41. 

(4) The location restriction in subclause (1) (e) does not apply unless a high probability of 

groundwater dependence has been confirmed by the Department for the relevant 

ecosystem. 

40 Rules for water supply works located near groundwater-dependent culturally 

significant areas 

(1) A water supply work approval must not be granted or amended in the Eastern 

Recharge Groundwater Source and Southern Recharge Groundwater Source if, in the 

Minister’s opinion, the water supply work is located within 200 metres of a 

groundwater-dependent culturally significant area. 

Note. Groundwater-dependent culturally significant areas may be identified during the term of 
this Plan. Aboriginal people may also identify culturally significant areas when applications for 
new or amended water supply works are advertised. Potential groundwater-dependent 
culturally significant areas will be considered in the assessment of any application for a water 
supply work approval within the area of this Plan. 

(2) A water supply work approval must not be granted or amended in the Central 

Groundwater Source, Surat Groundwater Source and Warrego Groundwater Source if, 

in the Minister’s opinion, the water supply work is located within 50,000 metres of a 

groundwater-dependent culturally significant area. 

(3) The location restrictions specified in subclauses (1) and (2) do not apply to the 

granting or amending of a water supply work approval if the Minister is satisfied of 

any of the following: 

(a) the water supply work is used solely for basic landholder rights, 

(b) the water supply work is a replacement groundwater work, 

(c) the water supply work is used solely for the purpose of monitoring, 

environmental remediation activities or emergency services, 

(d) the location of the water supply work at a lesser distance would result in no 

more than a minimal detrimental effect on any groundwater-dependent 

culturally significant area. 
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Note. Rules for water supply works used solely for basic landholder rights are specified in 
clause 41. 

41 Rules for water supply works used solely for basic landholder rights 

(1) A water supply work approval for a water supply work used solely for basic

landholder rights must not be granted or amended in the Eastern Recharge

Groundwater Source or the Southern Recharge Groundwater Source if the water

supply work is located within 200 metres of a water supply work that is:

(a) located on another landholding and authorised to take water solely for basic

landholder rights from the same groundwater source, or

(b) located on another landholding and nominated by another access licence, other

than a local water utility access licence.

(2) A water supply work approval for a water supply work used solely for basic

landholder rights must not be granted or amended in the Central Groundwater Source,

the Surat Groundwater Source or the Warrego Groundwater Source if the water

supply work is located within 500 metres of a water supply work that is:

(a) located on another landholding and authorised to take water solely for basic

landholder rights from the same groundwater source, or

(b) located on another landholding and nominated by another access licence, other

than a local water utility access licence.

(3) A water supply work approval for a water supply work used solely for basic

landholder rights must not be granted or amended if, in the Minister’s opinion, the

water supply work is located within any of the following:

(a) 200 metres of the boundary of the landholding on which the water supply work

is located, unless the owner of the landholding adjoining the boundary has

provided consent in writing,

(b) 1,000 metres of a water supply work that is nominated by a local water utility

access licence or a major utility access licence authorised to take water from the

same groundwater source, unless the holder of the local water utility access

licence or major utility access licence has provided consent in writing,

(c) 400 metres of a Government monitoring or observation bore.

(d) 40 metres of the top of the high bank of a river,
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(e) 1,000 metres of any of the high priority groundwater-dependent ecosystems 

identified in Schedule 2, if the water supply work is located in the Eastern 

Recharge Groundwater Source or Southern Recharge Groundwater Source, 

(f) 50,000 metres of any of the high priority groundwater-dependent ecosystems 

identified in Schedule 2, if the water supply work is located in the Central 

Groundwater Source, Surat Groundwater Source or Warrego Groundwater 

Source, 

(g) 100 metres of any other high priority groundwater-dependent ecosystem shown 

on the High Priority Groundwater-Dependent Ecosystem Map but only if a high 

probability of groundwater dependence has been confirmed by the Department 

for the relevant ecosystem, 

(h) 100 metres of a groundwater-dependent culturally significant area, if the water 

supply work is located in the Eastern Recharge Groundwater Source or 

Southern Recharge Groundwater Source, 

(i) 50,000 metres of a groundwater-dependent culturally significant area, if the 

water supply work is located in the Central Groundwater Source, Surat 

Groundwater Source or Warrego Groundwater Source. 

(4) The location restrictions specified in subclauses (1) – (3) do not apply to the granting 

or amending of a water supply work approval if the Minister is satisfied that the water 

supply work is a replacement groundwater work. 

(5) The location restrictions specified in subclauses (3) (e) - (g) do not apply to the 

granting or amending of a water supply work approval if the Minister is satisfied that 

the location of the water supply work at a lesser distance would result in no more than 

minimal harm to any high priority groundwater-dependent ecosystem shown on the 

High Priority Groundwater-Dependent Ecosystem Map or identified in Schedule 2. 

(6) The location restrictions specified in subclause (3) (h) and (i) do not apply to the 

granting or amending of a water supply work approval if the Minister is satisfied that 

the location of the water supply work at a lesser distance would result in no more than 

a minimal detrimental effect on any groundwater-dependent culturally significant 

area. 
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42 Replacement groundwater works 

(1) For the purposes of this Plan, replacement groundwater work means a water supply

work that:

(a) will replace an existing water supply work that is authorised by a water supply

work approval, and

(b) is to be constructed to extract water:

(i) from the same groundwater source as the existing water supply work, and

(ii) from the same depth as the existing water supply work, and

(c) is to be located:

(i) within 20 metres of the existing water supply work, and

(ii) if the existing water supply work is located within 40 metres of the top of

the high bank of a river, no closer to that high bank of a river, and

(d) will not have a greater internal diameter or excavation footprint than the

existing water supply work, except where the internal diameter of the existing

water supply work is:

(i) no longer manufactured, in which case the internal diameter is to be no

greater than 120% of the internal diameter of the existing water supply

work it replaces, or

(ii) less than 100 millimetres, in which case the internal diameter is to be no

more than 100 millimetres.

Note. Internal diameter and excavation footprint are defined in the Dictionary. 

(2) The Minister may alter the depth and location requirements in subclauses (1) (b) (ii),

(1) (c) (i) and (1) (d) on a case by case basis if satisfied that doing so will result in:

(a) no greater detrimental effect on a groundwater source, a high priority

groundwater-dependent ecosystem, public health and safety, or a groundwater-

dependent culturally significant area, and

(b) no more than a minimal detrimental effect on the ability of a person to take

water using an existing approved water supply work and on any associated

access licences.
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Part 10 Access licence dealing rules 

Notes. 

1 Access licence dealings in the groundwater sources are subject to the provisions of the Act, the 
regulations, any access licence dealing principles established under section 71Z of the Act and the 
access licence dealing rules established under this Part. 

2 At the commencement of this Plan the Access Licence Dealing Principles Order 2004 applies. The 
access licence dealing principles prevail over the access licence dealing rules in this Plan to the extent 
of any inconsistency, as provided under section 71Z (3) of the Act. 

3 An application for a dealing may be refused, or conditions imposed on an access licence or water 
supply work approval at the time of a dealing, to give effect to the provisions of this Plan. 

43 Conversion of access licence to new category dealings 

Dealings under section 71O of the Act are prohibited. 

44 Assignment of rights dealings 

A dealing under section 71Q of the Act is prohibited if it involves an assignment of 

rights: 

(a) to an access licence in the Central Groundwater Source if it would cause the

sum of the share components of all access licences plus the volume of water

taken under domestic and stock rights and native title rights in the Central

Groundwater Source to exceed:

(i) 5,193 ML/year, plus

(ii) 30% of the water savings made under cap and pipe projects undertaken

after the commencement of this Plan, as determined by the Minister, or

(b) to an access licence in the Surat Groundwater Source if it would cause the sum

of the share components of all access licences plus the volume of water taken

under domestic and stock rights and native title rights in the Surat Groundwater

Source to exceed:

(i) 43,446 ML/year, plus

(ii) 30% of the water savings made under cap and pipe projects undertaken

after the commencement of this Plan, as determined by the Minister, or

(c) to an access licence in the Warrego Groundwater Source if it would cause the

sum of the share components of all access licences plus the volume of water

taken under domestic and stock rights and native title rights in the Warrego

Groundwater Source to exceed:
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(i) 8,816 ML/year, plus 

(ii) 30% of the water savings made under cap and pipe projects undertaken 

after the commencement of this Plan, as determined by the Minister, or 

(d) from an access licence in one of the following groundwater sources to another 

access licence in another groundwater source: 

(i) the Eastern Recharge Groundwater Source, 

(ii) the Southern Recharge Groundwater Source, or 

(e) from an access licence in another groundwater source to an access licence in 

one of the following groundwater sources: 

(i) the Eastern Recharge Groundwater Source,  

(ii) the Southern Recharge Groundwater Source. 

45 Amendment of share component dealings (change of water source) 

(1) Dealings under section 71R of the Act are prohibited if the dealing involves any of the 

following: 

(a) the cancellation of an access licence with a share component specifying one of 

the groundwater sources in order to grant an access licence with a share 

component that does not specify one of the groundwater sources, 

(b) the granting of an access licence with a share component that specifies one of 

the groundwater sources following the cancellation of an access licence with a 

share component that does not specify one of the groundwater sources, 

(c) the granting of an access licence in the Central Groundwater Source if it would 

cause the sum of the share components of all access licences plus the volume of 

water taken under domestic and stock rights and native title rights in the Central 

Groundwater Source to exceed: 

(i) 5,193 ML/year, plus 

(ii) 30% of the water savings made under cap and pipe projects undertaken 

after the commencement of this Plan, as determined by the Minister, or 

(d) the granting of an access licence in the Surat Groundwater Source if it would 

cause the sum of the share components of all access licences plus the volume of 
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water taken under domestic and stock rights and native title rights in the Surat 

Groundwater Source to exceed: 

(i) 43,446 ML/year, plus 

(ii) 30% of the water savings made under cap and pipe projects undertaken 

after the commencement of this Plan, as determined by the Minister, or 

(e) the granting of an access licence in the Warrego Groundwater Source if it 

would cause the sum of the share components of all access licences plus the 

volume of water taken under domestic and stock rights and native title rights in 

the Warrego Groundwater Source to exceed: 

(i) 8,816 ML/year, plus 

(ii) 30% of the water savings made under cap and pipe projects undertaken 

after the commencement of this Plan, as determined by the Minister, or 

(f) the granting or cancellation of an access licence with a share component that 

specifies one of the following groundwater sources: 

(i) the Eastern Recharge Groundwater Source, 

(ii) the Southern Recharge Groundwater Source. 

(2) Dealings under section 71R of the Act are only permitted if the share component of 

the new access licence is equal to the share component of the cancelled access licence. 

46  Assignment of water allocations dealings 

Dealings under section 71T of the Act between access licences in different 

groundwater sources are prohibited unless they are between access licences in two of 

the following groundwater sources: 

(a) the Central Groundwater Source, 

(b) the Surat Groundwater Source, 

(c) the Warrego Groundwater Source. 

47 Interstate access licence transfer and assignment of water allocations 

dealings 

(1) Dealings under section 71U of the Act are prohibited unless administrative 

arrangements have been put in place by NSW and the other State or Territory and the 

Published LW 30 June 2020 (2020 No 354)



 

 
Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 2020 

 

 

Page 42 

interstate transfer of access licence is to be made in accordance with these 

arrangements. 

(2) Dealings under section 71V of the Act are prohibited unless administrative 

arrangements have been put in place by NSW and the other State or Territory and the 

interstate assignment of water allocations is to be made in accordance with these 

arrangements. 

Note. As at the commencement of this Plan, administrative arrangements are not in place 
between New South Wales and other States or Territories. New South Wales will, in 
collaboration with the relevant States or Territories, consider introducing a cross border trading 
framework, if and when demand increases to a level that justifies the investment in 
administrative resources. 

48 Nomination of water supply works dealings 

(1) A dealing under section 71W of the Act is prohibited if it involves an access licence 

being amended to nominate a water supply work located in a different groundwater 

source to that specified in the share component of the access licence. 

(2) A dealing under section 71W of the Act that involves an access licence in the 

groundwater sources being amended to nominate a specified extraction point in an 

interstate water tagging zone is prohibited unless it is in accordance with 

administrative arrangements agreed to, and implemented by, NSW and the other State 

or Territory. 
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Part 11 Mandatory conditions 

Note. Mandatory conditions relating to metering equipment and recording of information are imposed by the 
Water Management (General) Regulation 2018. Clauses in this Plan that provide for mandatory conditions to 
be imposed in relation to metering and logbooks apply only until the roll out of the metering and reporting 
mandatory conditions that are prescribed in Part 10 and Part 11 of the Water Management (General) 
Regulation 2018. 

Division 1 General 

49 General 

(1) For the purposes of this Part a requirement to notify the Minister in writing will only

be satisfied by writing to the email address for enquiries on the Department’s website.

(2) In this Part an operational meter means an operational meter that complies with

Australian Standard AS 4747, Meters for non-urban water supply, as updated or

replaced from time to time.

Division 2 Access licences 

Note. This Division is made in accordance with sections 17 (c) and 66 of the Act. 

50 General conditions 

Each access licence must have mandatory conditions to give effect to the following: 

(a) the water taken under the access licence must not exceed the maximum water

account debit permitted under clause 34,

(b) upon becoming aware of a breach of any condition of the access licence, the

licence holder must:

(i) notify the Minister as soon as practicable, and

(ii) if the notification under subparagraph (i) is not in writing, confirm this

notification in writing within seven days of becoming aware of the

breach,

(c) any other condition required to implement the provisions of this Plan.

51 Record keeping conditions 

(1) Each access licence must have mandatory conditions to give effect to the following:
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(a) the licence holder must record the following information in a logbook each time 

that water is taken using a water supply work that does not have both an 

operational meter (as referred to in clause 49 (2)) and an operational data 

logger: 

(i) the date and the start and end time during which water was taken under 

the licence, 

(ii) the volume of water taken on that date, 

(iii) the water supply work approval number of the water supply work used to 

take the water on that date, 

(iv) the purposes for which the water was taken on that date, 

(v) the volume of water taken in a water year compared with the water 

account debit permitted under clause 34 for the licence, 

(b) the licence holder must retain the information required to be recorded in the 

logbook for five years from the date to which that information relates. 

Note. Logbook is defined in the Dictionary. 

(2) If an access licence with a nominated water supply work is subject to a mandatory 

condition imposed by Part 10 or Part 11 of the Water Management (General) 

Regulation 2018 relating to the recording or reporting of water that is taken by the 

work, this clause ceases to have effect in relation to the work on the day on which the 

condition applies to the licence. 

(3) This clause is taken to be repealed on the day on which the temporary exemption from 

the mandatory metering equipment condition ceases to apply to the groundwater 

sources in accordance with clause 230 (1) of the Water Management (General) 

Regulation 2018. 

Notes.  

1 Mandatory metering equipment condition is defined in clause 228 of the Water 
Management (General) Regulation 2018. 

2 The Water Management (General) Regulation 2018 will impose a mandatory condition 
requiring record keeping on access licences and approvals by 1 December 2021. 

Division 3 Water supply work approvals 

Note. This Division is made in accordance with sections 17 (c) and 100 of the Act. 
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52 General conditions 

(1) Water supply work approvals must have mandatory conditions to give effect to: 

(a) the clauses set out in this Division, and 

(b) any other condition required to implement the provisions of this Plan.  

(2) A water supply work approved for the purpose of monitoring, an environmental 

remediation activity or emergency services must be used only for that purpose.   

(3) If the holder of a water supply work approval is the same person as the holder of the 

access licence under which water is proposed to be taken, it is not necessary to 

maintain two separate logbooks and all of the required information can be kept in the 

one logbook. 

(4) Upon becoming aware of a breach of any condition of the approval, the approval 

holder must: 

(a) notify the Minister as soon as practicable, and 

(b) if the notification under paragraph (a) was not in writing, confirm this 

notification in writing within seven days of becoming aware of the breach. 

53 Metering conditions 

(1) This clause applies to water supply works used to take water under an access licence. 

(2) The approval holder must install and maintain metering equipment of a type and 

standard and meet criteria specified by the Minister. 

(3) The approval holder must ensure each of the following: 

(a) the metering equipment accurately measures and records the flow of all water 

taken through each water supply work, 

(b) the metering equipment is operated and maintained in a proper and efficient 

manner at all times, 

(c) compliance with any other requirements as to the type, standard or other criteria 

for metering equipment as directed by the Minister. 

Note. The Minister may also direct a landholder or person to install, replace or properly 
maintain metering equipment under section 326 of the Act. 

(4) If an approval for a water supply work is subject to a mandatory metering equipment 

condition in relation to the work, this clause ceases to have effect in relation to the 

work on the day on which the condition applies to the approval. 
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(5) This clause is taken to be repealed on the day on which the temporary exemption from

the mandatory metering equipment condition ceases to apply to the groundwater

sources in accordance with clause 230 (1) of the Water Management (General)

Regulation 2018.

Note. Clause 230 of the Water Management (General) Regulation 2018 provides that the
mandatory metering equipment condition applies to new works required to have a meter from 1
April 2019, and to other access licences and approvals in the groundwater sources from 1
December 2021.

54 Record keeping conditions 

(1) This clause does not apply to a water supply work approval if the work is used for the

sole purpose of taking water under basic landholder rights.

(2) The approval holder must:

(a) record the following information in a logbook whenever the water supply work

does not have both an operational meter (as referred to in clause 49 (2)) and an

operational data logger:

(i) the date and the start and end time during which water was taken using

the water supply work,

(ii) the volume of water taken on that date,

(iii) the access licence under which water was taken on that date or, if water

was taken under some other authority, the authority under which water

was taken,

(iv) the purposes for which the water was taken on that date,

(v) details of any cropping carried out using the water taken through the

water supply work including the type of crop, area cropped and dates of

planting and harvesting,

(vi) if metering equipment has been installed for use in connection with the

water supply work and is operational, the meter reading before each time

water is taken,

(vii) if metering equipment has not been installed for use in connection with

the water supply work, or has been installed but is not operational, details

of all pumping activities for the water supply work including pump

running hours, pump power usage or pump fuel usage, pump start and

stop times and pump capacity per unit of time, and
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(b) retain the information recorded in the logbook for five years from the date to 

which that information relates. 

(3) If an approval for a water supply work is subject to a mandatory condition imposed by 

Part 10 or Part 11 of the Water Management (General) Regulation 2018 relating to the 

recording or reporting of water that is taken by the work, this clause ceases to have 

effect in relation to the work on the day on which the condition applies to the 

approval. 

(4) This clause is taken to be repealed on the day on which the temporary exemption from 

the mandatory metering equipment condition ceases to apply to the groundwater 

sources in accordance with clause 230 (1) of the Water Management (General) 

Regulation 2018. 

Note. The Water Management (General) Regulation 2018 will impose a mandatory condition 
requiring record keeping on access licences and approvals by 1 December 2021. 

55 Water supply work construction conditions 

(1) The approval holder must ensure that the water supply work is constructed in such a 

way that ensures the following: 

(a) the water supply work is situated in the location specified in the application for 

the water supply work, 

(b) water is able to be taken through the water supply work only from the 

groundwater source specified in the share component of the access licence that 

nominates the water supply work, 

(c) the water supply work is sealed off from all other water sources, 

(d) all flowing water supply works are fitted with headworks in such a way as to 

enable the control of water flow, 

Note. Flowing water supply works is defined in the Dictionary.  

(e) construction of the water supply work complies with the construction standards 

for that type of bore prescribed in the Minimum Construction Requirements for 

Water Bores in Australia, 

Note. Minimum Construction Requirements for Water Bores in Australia is defined 
in the Dictionary. 

(f) construction and use of the water supply work prevents contamination of the 

aquifer and between aquifers, 
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(g) construction and use of the water supply work prevents the flow of saline water 

between aquifers. 

(2) If contaminated water is encountered during the construction of the water supply 

work, the approval holder must do the following: 

(a) notify the Minister within 48 hours of becoming aware of the contaminated 

water, 

(b) take all reasonable steps to minimise contamination and environmental harm, 

(c) ensure that the contaminated water is sealed off by inserting casing to a depth 

sufficient to exclude the contaminated water from the water supply work, 

(d) place an impermeable seal in the borehole annulus when and as directed by the 

Minister, 

(e) comply with any other written requirements specified by the Minister, which 

may include a requirement to provide a report in a specified form detailing the 

quality of any water obtained using the water supply work. 

(3) Subclause (2) does not apply to a water supply work constructed for the purpose of 

monitoring or remediating contaminated water. 

(4) The approval holder must, within 60 days of completion of the construction of the 

water supply work, or within 60 days after the issue of the water supply work 

approval if the approval is for the amendment of an existing water supply work, 

submit the details of the water supply work to the Minister in a form approved by the 

Minister. 

(5) The approval holder must ensure: 

(a) the construction of the water supply work is completed within three years of the 

approval being granted, and 

(b) the water supply work is not used unless construction is completed within three 

years of the approval being granted. 

(6) Each water supply work approval for a replacement groundwater work must impose 

conditions which give effect to clause 42 (1) (b) - (d). 

(7) A water supply work with headworks installed to control artesian flow must be 

maintained to ensure those headworks are operational and in the Minister’s opinion 

there is minimal loss of water. 
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Note. Subclause (7) applies to new and existing works. 

56 Water quality condition 

If directed by the Minister by notice in writing, the approval holder must provide a 

report in the form specified in the notice detailing the quality of any water obtained 

using the water supply work, within the timeframe (if any) specified in the written 

notice. 

Notes. 

1 An approval holder is responsible for monitoring water quality from the water supply 
work to ensure it is suitable for its intended purpose for the duration of the approval. 

2 Inherent water quality and land use activities may make the water in some areas 
unsuitable for use. Water from the groundwater sources should not be used without first 
being tested and, if necessary, appropriately treated to ensure it is fit for purpose. Such 
testing and treatment is the responsibility of the water user. 

57 Water supply work decommissioning condition 

(1) A water supply work that is no longer intended to be used must be decommissioned in 

accordance with this clause. 

(2) The approval holder must notify the Minister in writing of any intention to 

decommission the water supply work at least 60 days before commencing 

decommissioning. The notice must include a work plan for decommissioning in 

accordance with the Minimum Construction Requirements for Water Bores in 

Australia. 

(3) The approval holder must comply with any notice from the Minister received within 

60 days of the notice referred to in subclause (2) stating that the water supply work: 

(a) must not be decommissioned, or 

(b) must be decommissioned in accordance with the requirements specified in the 

notice. 

(4) In decommissioning the water supply work, the approval holder must comply with the 

work plan referred to in subclause (2) or requirements referred to in subclause (3) (b) 

(5) Within 60 days of the water supply work being decommissioned, the approval holder 

must notify the Minister in writing that the water supply work has been 

decommissioned and provide the name of the driller who decommissioned the work. 
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Part 12 Amendment of this Plan 

Notes. 

1 This Part sets out amendments authorised by this Plan. 

2 For the purposes of section 87 of the Act, the initial period for the groundwater sources expired on 1 
July 2020. 

58 General 

For the purposes of section 45 (1) (b) of the Act, this Part provides for when this Plan 

may be amended and any such amendments are taken to be authorised by this Plan. 

59 Amendments relating to Part 1 

Part 1 may be amended to do any of the following: 

(a) apply this Plan to new or additional groundwater sources or water management

areas (including part thereof), or modify (including to amend the boundaries) or

remove an existing groundwater source or water management area (including

part thereof) from this Plan,

(b) add, remove or modify a management zone, including the groundwater sources

to which a management zone applies and the boundaries of such a zone,

(c) amend the Plan Map,

(d) amend the High Priority Groundwater-Dependent Ecosystem Map.

60 Amendments relating to limits to the availability of water 

This Plan may be amended to give effect to savings made under cap and pipe projects. 

61 Amendments relating to compliance with limits and the operation of water 

allocation accounts 

(1) This Plan may be amended to reduce the amount of water allocations permitted to be

carried over from one water year to the next water year and the maximum water

account debit for aquifer access licences.

(2) Any reduction under subclause (1) is subject to the maximum water account debit not

being reduced to less than 1 ML per unit share of the access licence share component:

(a) plus any water allocations assigned to the water allocation account for the

access licence under section 71T of the Act in that water year,
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(b) plus any water allocations re-credited to the water allocation account for the

access licence in accordance with section 76 of the Act in that water year.

62 Amendments relating to the granting of access licences 

This Plan may be amended to establish, modify or remove provisions for the granting 

of the following access licences: 

(a) aquifer (Aboriginal community development) access licences,

(b) domestic and stock (conveyance) access licences.

63 Amendments relating to mandatory conditions 

This Plan may be amended with respect to mandatory conditions to specify different 

standards or requirements for the construction or decommissioning of water supply 

works. 

64 Dictionary 

The Dictionary may be amended to add, modify or remove a definition. 

65 Schedules 

(1) Schedule 1 may be amended to add or remove a contamination source.

(2) Schedule 2 may be amended to add or remove a high priority groundwater-dependent

ecosystem.

66 Other amendments (general) 

(1) This Plan may be amended to include provisions for the following:

(a) managed aquifer recharge,

Note. Managed aquifer recharge schemes involve taking water such as recycled water
or urban stormwater, treating it and then storing it in aquifers under controlled conditions.
This water can then be extracted at a later time.

(b) the interception of water before it reaches a stream or aquifer by plantations or

other means,

(c) the management of salt interception schemes,

(d) the management of aquifer interference activities, including the granting of

aquifer interference approvals,

(e) water return flows, as referred to in Division 5 of Part 2 of Chapter 3 of the Act,

(f) the protection of groundwater-dependent culturally significant areas.
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(2) This Plan may be amended to give effect to, or in connection with, a determination of 

native title under the Native Title Act 1993 of the Commonwealth. 

(3) This Plan may be amended to do any of the following for the protection of water-

dependent Aboriginal cultural assets: 

(a) identify water-dependent Aboriginal cultural assets, 

(b) establish rules for the granting and amending of water supply work approvals, 

(c) establish dealing rules. 

(4) An amendment authorised by this Plan is taken to include any consequential 

amendments required to be made to this Plan to give effect to that particular 

amendment. 

Note. For example, if Part 1 is amended to add a new management zone, this may require 
amendments to other parts of this Plan to include provisions for that management zone. 

(5) Consequential amendments may be made to this Plan as a result of an amendment to 

the Act or regulations. 
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Dictionary 

Aboriginal person has the same meaning as it has in the Aboriginal Land Rights Act 1983. 

beneficial use category is a water quality categorisation based on salinity which is defined in 

the NSW Great Artesian Basin Shallow Water Quality Management Plan, GW13 Water 

Resource Plan Area. 

borehole annulus means the space between the bore casing and the wall of the borehole. 

cap and pipe project means a program of works that results in artesian flows from a water 

supply work to be controlled by headworks, including the complete closing off of all flows, 

and the installation of a water tight distribution system from the water supply work. 

excavation footprint means the authorised dimensions of an unlined excavation constructed 

for the purposes of water supply only. 

flowing water supply work means a water supply work through which groundwater is able 

to rise above the distribution outlet of the work under the natural pressure of the aquifer. 

Government monitoring or observation bore means a bore owned or operated by or on 

behalf of the Minister, the Ministerial Corporation, the Department or WaterNSW and used 

for observation or monitoring purposes. 

groundwater-dependent culturally significant area means an area determined by the 

Minister to be a groundwater-dependent culturally significant area. 

groundwater-dependent ecosystem is an ecosystem that has its species composition and 

natural ecological processes wholly or partially determined by groundwater. 

internal diameter means the diameter of the inside of the casing of a water bore. 

logbook, in relation to an access licence or water supply work approval, means a record in 

the manner and form approved by the Minister that is notified on the Department’s website. 

Minimum Construction Requirements for Water Bores in Australia means the document 

published by the National Uniform Drillers Licensing Committee entitled Minimum 

Construction Requirements for Water Bores in Australia, as published from time to time. 

replacement groundwater work has the meaning given by clause 42. 

structural damage to an aquifer includes any permanent compaction of sediments within 

the groundwater sources, resulting from depressurisation or dewatering. 

top of the high bank of a river means, in relation to the location of a water supply work, the 

top of the highest bank on the side of the river where the work is located, unless otherwise 

determined by the Minister. 

total dissolved solids is a measure of the combined total of dissolved substances in water, 

which includes mostly inorganic minerals and salts with small amounts of organic matter 

such as bacteria. 

unconsolidated alluvial sediments are sediments that are not bound or hardened by mineral 

cement, pressure, or thermal alteration of the grains and include gravel, sand, silt and clay. 

water account debit has the meaning given by clause 34. 

weighted average unit price means the total price of all units sold divided by the number of 

units sold. 

Published LW 30 June 2020 (2020 No 354)



 

 
Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 2020 

 

 

Page 54 

Schedule 1 Contamination sources (clause 38) 

A contamination source in the groundwater sources is any of the following: 

(a) any site that has been declared to be significantly contaminated land under the 

Contaminated Land Management Act 1997, 

(b) any site that has been notified to the Environment Protection Authority under 

section 60 of the Contaminated Land Management Act 1997, 

(c) any site that is or has been the subject of an activity listed in Table 1 of the 

contaminated land planning guidelines published under the Environmental 

Planning and Assessment Act 1979 from time to time. 
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Schedule 2 High priority groundwater-dependent ecosystems (clause 4, 39 and 

41) 

Table A— High priority geothermal spring groundwater dependent ecosystems 

Column 1 Column 2  Column 3 Column 4 Column 5 Column 6 

High priority 

groundwater 

dependent 

ecosystem 

Complex 

name 

Supergroup Latitude -

Decimal 

degrees 

(South) 

Longitude -

Decimal 

degrees (East) 

Groundwater 

Source 

Bingewilpa Bingewilpa Bourke -30.0310 142.6600 Central Groundwater 

Source 

Boongunyarrah Boongunyarra Bourke -29.4500 145.1000 Warrego 

Groundwater Source 

Black Boongunyarra Bourke -29.4528 145.1021 Warrego 

Groundwater Source 

MotherNosey Boongunyarra Bourke -29.4540 145.1014 Warrego 

Groundwater Source 

Colless Colless Bourke -29.4188 146.2112 Warrego 

Groundwater Source 

Colless Colless Bourke -29.4653 146.2819 Warrego 

Groundwater Source 

Coolabah Coolabah Bogan River -30.8329 146.9495 Surat Groundwater 

Source 

Coolabah Coolabah Bogan River -30.8329 146.9492 Surat Groundwater 

Source 

Coolabah Coolabah Bogan River -30.8335 146.9493 Surat Groundwater 

Source 

Coolabah Coolabah Bogan River -30.8338 146.9499 Surat Groundwater 

Source 

Coonbilly Coonbilly Bourke -29.5325 145.2570 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5303 145.2617 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5312 145.2592 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5318 145.2580 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5318 145.2606 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5319 145.2553 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5320 145.2576 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5289 145.2624 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5323 145.2590 Warrego 

Groundwater Source 
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Coonbilly Coonbilly Bourke -29.5324 145.2555 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5324 145.2557 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5325 145.2551 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5326 145.2566 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5327 145.2559 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5328 145.2568 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5330 145.2570 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5334 145.2565 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5345 145.2493 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5351 145.2476 Warrego 

Groundwater Source 

Coonbilly Coonbilly Bourke -29.5365 145.2491 Warrego 

Groundwater Source 

Cuddie Cuddie Bogan River -30.3486 147.3434 Surat Groundwater 

Source 

Cumborah Cumborah Bogan River -29.7412 147.7644 Surat Groundwater 

Source 

Cumborah Cumborah Bogan River -29.7412 147.7646 Surat Groundwater 

Source 

Cumborah Cumborah Bogan River -29.7411 147.7647 Surat Groundwater 

Source 

Cumborah Cumborah Bogan River -29.7413 147.7644 Surat Groundwater 

Source 

Deadman Deadman Non-GAB -28.9347 146.9332 Warrego 

Groundwater Source 

Bernards Deadman Non-GAB -28.9690 146.9088 Warrego 

Groundwater Source 

Tin Deadman Non-GAB -28.9781 146.8917 Warrego 

Groundwater Source 

LakeEliza Eliza Bourke -29.4237 145.0593 Warrego 

Groundwater Source 

LakeEliza Eliza Bourke -29.4237 145.0593 Warrego 

Groundwater Source 

LakeEliza Eliza Bourke -29.4237 145.0592 Warrego 

Groundwater Source 

LakeEliza Eliza Bourke -29.4237 145.0592 Warrego 

Groundwater Source 

LakeEliza Eliza Bourke -29.4237 145.0592 Warrego 

Groundwater Source 
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LakeEliza Eliza Bourke -29.4236 145.0590 Warrego 

Groundwater Source 

LakeEliza Eliza Bourke -29.4235 145.0594 Warrego 

Groundwater Source 

LakeEliza Eliza Bourke -29.4235 145.0596 Warrego 

Groundwater Source 

LakeEliza Eliza Bourke -29.4236 145.0593 Warrego 

Groundwater Source 

LakeEliza Eliza Bourke -29.4237 145.0591 Warrego 

Groundwater Source 

LakeEliza Eliza Bourke -29.4238 145.0593 Warrego 

Groundwater Source 

LakeEliza Eliza Bourke -29.4238 145.0594 Warrego 

Groundwater Source 

Gurrera Gerara Bourke -29.2483 146.4011 Warrego 

Groundwater Source 

Old Gerara Gerara Bourke -29.2679 146.3832 Warrego 

Groundwater Source 

Goonery Goonery Bourke -30.0238 145.1099 Warrego 

Groundwater Source 

Goonery Goonery Bourke -30.0238 145.1099 Warrego 

Groundwater Source 

Goonery Goonery Bourke -30.0238 145.1099 Warrego 

Groundwater Source 

Goonery Goonery Bourke -30.0238 145.1099 Warrego 

Groundwater Source 

Gooroomero Gooroomero Bourke -29.0958 146.6540 Warrego 

Groundwater Source 

Gooroomero Gooroomero Bourke -29.0908 146.6492 Warrego 

Groundwater Source 

Gooroomero Gooroomero Non-GAB -29.1040 146.6200 Warrego 

Groundwater Source 

Hawkes Spring Hawkes Bourke -30.3984 143.8354 Warrego 

Groundwater Source 

Jacombe Jacombe Bourke -29.2170 144.7175 Warrego 

Groundwater Source 

Kullyna Kullyna Bourke -29.4823 145.7902 Warrego 

Groundwater Source 

Kullyna Kullyna Bourke -29.4833 145.7893 Warrego 

Groundwater Source 

Kullyna Kullyna Bourke -29.4836 145.7893 Warrego 

Groundwater Source 

Kullyna Kullyna Bourke -29.4841 145.7898 Warrego 

Groundwater Source 

Kullyna Kullyna Bourke -29.4846 145.7899 Warrego 

Groundwater Source 

Kullyna Kullyna Bourke -29.4846 145.7894 Warrego 

Groundwater Source 
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Kullyna Kullyna Bourke -29.5077 145.7604 Warrego 

Groundwater Source 

Warrego Mud Spring Kullyna Bourke -29.4697 145.7577 Warrego 

Groundwater Source 

Yarranongany Kullyna Bourke -29.4771 145.7373 Warrego 

Groundwater Source 

Lila Lila Bourke -29.5634 146.0687 Warrego 

Groundwater Source 

Lila Lila Bourke -29.5636 146.0670 Warrego 

Groundwater Source 

Lila Lila Bourke -29.5591 146.0678 Warrego 

Groundwater Source 

Lila Lila Bourke -29.5635 146.0671 Warrego 

Groundwater Source 

Log Log Bourke -28.9491 146.8874 Warrego 

Groundwater Source 

Mascot Mascot Bourke -29.3972 145.3215 Warrego 

Groundwater Source 

MooroonowaNorth Mooronowa Bourke -29.1367 145.2519 Warrego 

Groundwater Source 

MooroonowaNorth Mooronowa Bourke -29.1370 145.2517 Warrego 

Groundwater Source 

MooroonowaNorth Mooronowa Bourke -29.1372 145.2516 Warrego 

Groundwater Source 

MooroonowaNorth Mooronowa Bourke -29.1374 145.2516 Warrego 

Groundwater Source 

MooroonowaNorth Mooronowa Bourke -29.1372 145.2512 Warrego 

Groundwater Source 

Tharnowanni Mooronowa Bourke -29.1333 145.2666 Warrego 

Groundwater Source 

MooroonowaSouth Mooronowa Bourke -29.1508 145.2280 Warrego 

Groundwater Source 

MooroonowaSouth Mooronowa Bourke -29.1511 145.2326 Warrego 

Groundwater Source 

MooroonowaSouth Mooronowa Bourke -29.1512 145.2276 Warrego 

Groundwater Source 

MooroonowaSouth Mooronowa Bourke -29.1512 145.2272 Warrego 

Groundwater Source 

MooroonowaSouth Mooronowa Bourke -29.1516 145.2262 Warrego 

Groundwater Source 

MooroonowaSouth Mooronowa Bourke -29.1518 145.2284 Warrego 

Groundwater Source 

MooroonowaSouth Mooronowa Bourke -29.1523 145.2280 Warrego 

Groundwater Source 

MooroonowaSouth Mooronowa Bourke -29.1525 145.2273 Warrego 

Groundwater Source 

MooroonowaSouth Mooronowa Bourke -29.1526 145.2338 Warrego 

Groundwater Source 
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MooroonowaSouth Mooronowa Bourke -29.1527 145.2255 Warrego 

Groundwater Source 

Mud Mud Bourke -29.1317 144.6344 Warrego 

Groundwater Source 

Mulyeo Mulyeo Bourke -30.6320 144.4220 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5244 145.8339 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5249 145.8338 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5249 145.8336 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5254 145.8329 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5254 145.8332 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5256 145.8325 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5261 145.8331 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5264 145.8329 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5269 145.8325 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5277 145.8301 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5277 145.8284 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5278 145.8282 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5279 145.8298 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5280 145.8294 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5287 145.8313 Warrego 

Groundwater Source 

Native Dog Native Dog Bourke -29.5294 145.8310 Warrego 

Groundwater Source 

Nulty Nulty Bourke -29.4182 146.1152 Warrego 

Groundwater Source 

Old Morton Plains Old Morton 

Plains 

Bourke -29.0834 146.7499 Warrego 

Groundwater Source 

Peery West Peery Bourke -30.7329 143.5751 Central Groundwater 

Source 

Peery West Peery Bourke -30.7197 143.5691 Central Groundwater 

Source 

Peery West Peery Bourke -30.7198 143.5695 Central Groundwater 

Source 

Published LW 30 June 2020 (2020 No 354)



 

 
Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 2020 

 

 

Page 60 

Peery West Peery Bourke -30.7199 143.5681 Central Groundwater 

Source 

Peery West Peery Bourke -30.7199 143.5697 Central Groundwater 

Source 

Peery West Peery Bourke -30.7199 143.5696 Central Groundwater 

Source 

Peery West Peery Bourke -30.7199 143.5694 Central Groundwater 

Source 

Peery West Peery Bourke -30.7199 143.5680 Central Groundwater 

Source 

Peery West Peery Bourke -30.7200 143.5700 Central Groundwater 

Source 

Peery West Peery Bourke -30.7200 143.5688 Central Groundwater 

Source 

Peery West Peery Bourke -30.7201 143.5694 Central Groundwater 

Source 

Peery West Peery Bourke -30.7201 143.5671 Central Groundwater 

Source 

Peery West Peery Bourke -30.7201 143.5693 Central Groundwater 

Source 

Peery West Peery Bourke -30.7201 143.5675 Central Groundwater 

Source 

Peery West Peery Bourke -30.7202 143.5695 Central Groundwater 

Source 

Peery West Peery Bourke -30.7202 143.5694 Central Groundwater 

Source 

Peery West Peery Bourke -30.7203 143.5687 Central Groundwater 

Source 

Peery West Peery Bourke -30.7203 143.5700 Central Groundwater 

Source 

Peery West Peery Bourke -30.7204 143.5683 Central Groundwater 

Source 

Peery West Peery Bourke -30.7204 143.5703 Central Groundwater 

Source 

Peery West Peery Bourke -30.7205 143.5707 Central Groundwater 

Source 

Peery West Peery Bourke -30.7206 143.5702 Central Groundwater 

Source 

Peery West Peery Bourke -30.7207 143.5705 Central Groundwater 

Source 

Peery West Peery Bourke -30.7208 143.5696 Central Groundwater 

Source 

Peery West Peery Bourke -30.7208 143.5700 Central Groundwater 

Source 

Peery West Peery Bourke -30.7208 143.5664 Central Groundwater 

Source 

Peery West Peery Bourke -30.7209 143.5697 Central Groundwater 

Source 
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Peery West Peery Bourke -30.7210 143.5697 Central Groundwater 

Source 

Peery West Peery Bourke -30.7210 143.5707 Central Groundwater 

Source 

Peery West Peery Bourke -30.7210 143.5716 Central Groundwater 

Source 

Peery West Peery Bourke -30.7211 143.5704 Central Groundwater 

Source 

Peery West Peery Bourke -30.7211 143.5697 Central Groundwater 

Source 

Peery West Peery Bourke -30.7212 143.5710 Central Groundwater 

Source 

Peery West Peery Bourke -30.7213 143.5697 Central Groundwater 

Source 

Peery West Peery Bourke -30.7213 143.5676 Central Groundwater 

Source 

Peery West Peery Bourke -30.7214 143.5710 Central Groundwater 

Source 

Peery West Peery Bourke -30.7214 143.5678 Central Groundwater 

Source 

Peery West Peery Bourke -30.7215 143.5713 Central Groundwater 

Source 

Peery West Peery Bourke -30.7215 143.5710 Central Groundwater 

Source 

Peery West Peery Bourke -30.7216 143.5679 Central Groundwater 

Source 

Peery West Peery Bourke -30.7217 143.5712 Central Groundwater 

Source 

Peery West Peery Bourke -30.7217 143.5710 Central Groundwater 

Source 

Peery West Peery Bourke -30.7217 143.5711 Central Groundwater 

Source 

Peery West Peery Bourke -30.7218 143.5680 Central Groundwater 

Source 

Peery West Peery Bourke -30.7219 143.5680 Central Groundwater 

Source 

Peery West Peery Bourke -30.7219 143.5681 Central Groundwater 

Source 

Peery West Peery Bourke -30.7220 143.5683 Central Groundwater 

Source 

Peery West Peery Bourke -30.7220 143.5682 Central Groundwater 

Source 

Peery West Peery Bourke -30.7220 143.5682 Central Groundwater 

Source 

Peery West Peery Bourke -30.7220 143.5729 Central Groundwater 

Source 

Peery West Peery Bourke -30.7220 143.5685 Central Groundwater 

Source 
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Peery West Peery Bourke -30.7221 143.5724 Central Groundwater 

Source 

Peery West Peery Bourke -30.7221 143.5683 Central Groundwater 

Source 

Peery West Peery Bourke -30.7221 143.5724 Central Groundwater 

Source 

Peery West Peery Bourke -30.7222 143.5687 Central Groundwater 

Source 

Peery West Peery Bourke -30.7225 143.5713 Central Groundwater 

Source 

Peery West Peery Bourke -30.7231 143.5710 Central Groundwater 

Source 

Peery West Peery Bourke -30.7232 143.5707 Central Groundwater 

Source 

Peery West Peery Bourke -30.7232 143.5697 Central Groundwater 

Source 

Peery West Peery Bourke -30.7233 143.5688 Central Groundwater 

Source 

Peery West Peery Bourke -30.7234 143.5713 Central Groundwater 

Source 

Peery West Peery Bourke -30.7236 143.5708 Central Groundwater 

Source 

Peery West Peery Bourke -30.7237 143.5699 Central Groundwater 

Source 

Peery West Peery Bourke -30.7237 143.5701 Central Groundwater 

Source 

Peery West Peery Bourke -30.7237 143.5699 Central Groundwater 

Source 

Peery West Peery Bourke -30.7238 143.5675 Central Groundwater 

Source 

Peery West Peery Bourke -30.7238 143.5711 Central Groundwater 

Source 

Peery West Peery Bourke -30.7239 143.5699 Central Groundwater 

Source 

Peery West Peery Bourke -30.7239 143.5677 Central Groundwater 

Source 

Peery West Peery Bourke -30.7241 143.5679 Central Groundwater 

Source 

Peery West Peery Bourke -30.7241 143.5679 Central Groundwater 

Source 

Peery West Peery Bourke -30.7242 143.5703 Central Groundwater 

Source 

Peery West Peery Bourke -30.7245 143.5718 Central Groundwater 

Source 

Peery West Peery Bourke -30.7246 143.5717 Central Groundwater 

Source 

Peery West Peery Bourke -30.7246 143.5702 Central Groundwater 

Source 
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Peery West Peery Bourke -30.7247 143.5705 Central Groundwater 

Source 

Peery West Peery Bourke -30.7247 143.5700 Central Groundwater 

Source 

Peery West Peery Bourke -30.7247 143.5702 Central Groundwater 

Source 

Peery West Peery Bourke -30.7248 143.5720 Central Groundwater 

Source 

Peery West Peery Bourke -30.7248 143.5720 Central Groundwater 

Source 

Peery West Peery Bourke -30.7250 143.5714 Central Groundwater 

Source 

Peery West Peery Bourke -30.7251 143.5687 Central Groundwater 

Source 

Peery West Peery Bourke -30.7252 143.5701 Central Groundwater 

Source 

Peery West Peery Bourke -30.7252 143.5701 Central Groundwater 

Source 

Peery West Peery Bourke -30.7253 143.5702 Central Groundwater 

Source 

Peery West Peery Bourke -30.7253 143.5703 Central Groundwater 

Source 

Peery West Peery Bourke -30.7253 143.5683 Central Groundwater 

Source 

Peery West Peery Bourke -30.7254 143.5706 Central Groundwater 

Source 

Peery West Peery Bourke -30.7255 143.5683 Central Groundwater 

Source 

Peery West Peery Bourke -30.7256 143.5684 Central Groundwater 

Source 

Peery West Peery Bourke -30.7257 143.5716 Central Groundwater 

Source 

Peery West Peery Bourke -30.7257 143.5709 Central Groundwater 

Source 

Peery West Peery Bourke -30.7258 143.5711 Central Groundwater 

Source 

Peery West Peery Bourke -30.7258 143.5726 Central Groundwater 

Source 

Peery West Peery Bourke -30.7259 143.5714 Central Groundwater 

Source 

Peery West Peery Bourke -30.7259 143.5714 Central Groundwater 

Source 

Peery West Peery Bourke -30.7259 143.5721 Central Groundwater 

Source 

Peery West Peery Bourke -30.7260 143.5715 Central Groundwater 

Source 

Peery West Peery Bourke -30.7260 143.5716 Central Groundwater 

Source 
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Peery West Peery Bourke -30.7260 143.5693 Central Groundwater 

Source 

Peery West Peery Bourke -30.7261 143.5720 Central Groundwater 

Source 

Peery West Peery Bourke -30.7262 143.5725 Central Groundwater 

Source 

Peery West Peery Bourke -30.7262 143.5721 Central Groundwater 

Source 

Peery West Peery Bourke -30.7263 143.5726 Central Groundwater 

Source 

Peery West Peery Bourke -30.7264 143.5720 Central Groundwater 

Source 

Peery West Peery Bourke -30.7265 143.5729 Central Groundwater 

Source 

Peery West Peery Bourke -30.7266 143.5725 Central Groundwater 

Source 

Peery West Peery Bourke -30.7266 143.5721 Central Groundwater 

Source 

Peery West Peery Bourke -30.7266 143.5725 Central Groundwater 

Source 

Peery West Peery Bourke -30.7266 143.5719 Central Groundwater 

Source 

Peery West Peery Bourke -30.7267 143.5701 Central Groundwater 

Source 

Peery West Peery Bourke -30.7267 143.5702 Central Groundwater 

Source 

Peery West Peery Bourke -30.7268 143.5726 Central Groundwater 

Source 

Peery West Peery Bourke -30.7268 143.5702 Central Groundwater 

Source 

Peery West Peery Bourke -30.7268 143.5735 Central Groundwater 

Source 

Peery West Peery Bourke -30.7268 143.5733 Central Groundwater 

Source 

Peery West Peery Bourke -30.7268 143.5702 Central Groundwater 

Source 

Peery West Peery Bourke -30.7268 143.5736 Central Groundwater 

Source 

Peery West Peery Bourke -30.7268 143.5726 Central Groundwater 

Source 

Peery West Peery Bourke -30.7268 143.5734 Central Groundwater 

Source 

Peery West Peery Bourke -30.7269 143.5735 Central Groundwater 

Source 

Peery West Peery Bourke -30.7269 143.5701 Central Groundwater 

Source 

Peery West Peery Bourke -30.7270 143.5701 Central Groundwater 

Source 
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Peery West Peery Bourke -30.7270 143.5703 Central Groundwater 

Source 

Peery West Peery Bourke -30.7270 143.5738 Central Groundwater 

Source 

Peery West Peery Bourke -30.7270 143.5739 Central Groundwater 

Source 

Peery West Peery Bourke -30.7270 143.5705 Central Groundwater 

Source 

Peery West Peery Bourke -30.7270 143.5715 Central Groundwater 

Source 

Peery West Peery Bourke -30.7270 143.5728 Central Groundwater 

Source 

Peery West Peery Bourke -30.7271 143.5722 Central Groundwater 

Source 

Peery West Peery Bourke -30.7271 143.5719 Central Groundwater 

Source 

Peery West Peery Bourke -30.7272 143.5723 Central Groundwater 

Source 

Peery West Peery Bourke -30.7272 143.5739 Central Groundwater 

Source 

Peery West Peery Bourke -30.7272 143.5722 Central Groundwater 

Source 

Peery West Peery Bourke -30.7272 143.5741 Central Groundwater 

Source 

Peery West Peery Bourke -30.7273 143.5723 Central Groundwater 

Source 

Peery West Peery Bourke -30.7273 143.5727 Central Groundwater 

Source 

Peery West Peery Bourke -30.7273 143.5732 Central Groundwater 

Source 

Peery West Peery Bourke -30.7273 143.5727 Central Groundwater 

Source 

Peery West Peery Bourke -30.7275 143.5728 Central Groundwater 

Source 

Peery West Peery Bourke -30.7275 143.5729 Central Groundwater 

Source 

Peery West Peery Bourke -30.7275 143.5728 Central Groundwater 

Source 

Peery West Peery Bourke -30.7275 143.5723 Central Groundwater 

Source 

Peery West Peery Bourke -30.7275 143.5731 Central Groundwater 

Source 

Peery West Peery Bourke -30.7277 143.5726 Central Groundwater 

Source 

Peery West Peery Bourke -30.7277 143.5723 Central Groundwater 

Source 

Peery West Peery Bourke -30.7277 143.5724 Central Groundwater 

Source 
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Peery West Peery Bourke -30.7278 143.5742 Central Groundwater 

Source 

Peery West Peery Bourke -30.7279 143.5728 Central Groundwater 

Source 

Peery East 9 Peery Bourke -30.7279 143.6130 Central Groundwater 

Source 

Peery West Peery Bourke -30.7279 143.5728 Central Groundwater 

Source 

Peery West Peery Bourke -30.7280 143.5743 Central Groundwater 

Source 

Peery West Peery Bourke -30.7282 143.5751 Central Groundwater 

Source 

Peery West Peery Bourke -30.7282 143.5727 Central Groundwater 

Source 

Peery West Peery Bourke -30.7283 143.5726 Central Groundwater 

Source 

Peery West Peery Bourke -30.7283 143.5724 Central Groundwater 

Source 

Peery West Peery Bourke -30.7284 143.5725 Central Groundwater 

Source 

Peery West Peery Bourke -30.7285 143.5731 Central Groundwater 

Source 

Peery West Peery Bourke -30.7286 143.5733 Central Groundwater 

Source 

Peery West Peery Bourke -30.7287 143.5733 Central Groundwater 

Source 

Peery West Peery Bourke -30.7287 143.5733 Central Groundwater 

Source 

Peery West Peery Bourke -30.7287 143.5738 Central Groundwater 

Source 

Peery West Peery Bourke -30.7288 143.5744 Central Groundwater 

Source 

Peery West Peery Bourke -30.7289 143.5743 Central Groundwater 

Source 

Peery East 3 Peery Bourke -30.7291 143.6118 Central Groundwater 

Source 

Peery East 2 Peery Bourke -30.7291 143.6118 Central Groundwater 

Source 

Peery East 7 Peery Bourke -30.7291 143.6121 Central Groundwater 

Source 

Peery East 5 Peery Bourke -30.7292 143.6119 Central Groundwater 

Source 

Peery East 1 Peery Bourke -30.7292 143.6118 Central Groundwater 

Source 

Peery East 4 Peery Bourke -30.7292 143.6119 Central Groundwater 

Source 

Peery East 6 Peery Bourke -30.7292 143.6119 Central Groundwater 

Source 
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Peery West Peery Bourke -30.7293 143.5734 Central Groundwater 

Source 

Peery West Peery Bourke -30.7293 143.5736 Central Groundwater 

Source 

Peery West Peery Bourke -30.7294 143.5739 Central Groundwater 

Source 

Peery West Peery Bourke -30.7294 143.5735 Central Groundwater 

Source 

Peery West Peery Bourke -30.7295 143.5737 Central Groundwater 

Source 

Peery East 8 Peery Bourke -30.7296 143.6117 Central Groundwater 

Source 

Peery West Peery Bourke -30.7297 143.5716 Central Groundwater 

Source 

Peery West Peery Bourke -30.7297 143.5725 Central Groundwater 

Source 

Peery West Peery Bourke -30.7299 143.5725 Central Groundwater 

Source 

Peery West Peery Bourke -30.7299 143.5726 Central Groundwater 

Source 

Peery West Peery Bourke -30.7299 143.5725 Central Groundwater 

Source 

Peery West Peery Bourke -30.7299 143.5726 Central Groundwater 

Source 

Peery West Peery Bourke -30.7299 143.5727 Central Groundwater 

Source 

Peery West Peery Bourke -30.7299 143.5721 Central Groundwater 

Source 

Peery West Peery Bourke -30.7300 143.5728 Central Groundwater 

Source 

Peery West Peery Bourke -30.7300 143.5721 Central Groundwater 

Source 

Peery West Peery Bourke -30.7301 143.5727 Central Groundwater 

Source 

Peery West Peery Bourke -30.7301 143.5725 Central Groundwater 

Source 

Peery West Peery Bourke -30.7302 143.5724 Central Groundwater 

Source 

Picnic Sandhill Mud Picnic Sandhill 

Mud 

Bourke -29.1333 144.6700 Warrego 

Groundwater Source 

Pullamonga Pullamonga Bourke -29.5147 145.2780 Warrego 

Groundwater Source 

Sandy Sandy Bourke -29.1700 146.5800 Warrego 

Groundwater Source 

Scrubber Scrubber Bourke -29.5095 146.1469 Warrego 

Groundwater Source 

Scrubber Scrubber Bourke -29.5096 146.1470 Warrego 

Groundwater Source 
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Sweetwater Sweetwater Bourke -29.4308 145.7323 Warrego 

Groundwater Source 

Tanawanta Mud Tanawanta 

Mud 

Bourke -29.3801 145.3405 Warrego 

Groundwater Source 

Tanawanta Mud Tanawanta 

Mud 

Bourke -29.3935 145.3047 Warrego 

Groundwater Source 

Tanawanta Mud Tanawanta 

Mud 

Bourke -29.3745 145.3375 Warrego 

Groundwater Source 

Tanawanta Mud Tanawanta 

Mud 

Bourke -29.3811 145.3425 Warrego 

Groundwater Source 

Tanawanta Mud Tanawanta 

Mud 

Bourke -29.3748 145.3371 Warrego 

Groundwater Source 

Tego Tego Bourke -28.8488 146.7921 Warrego 

Groundwater Source 

Tego Tego Bourke -28.8493 146.7909 Warrego 

Groundwater Source 

Tego Tego Bourke -28.8496 146.7919 Warrego 

Groundwater Source 

Tego Tego Bourke -28.8500 146.7917 Warrego 

Groundwater Source 

Tego Tego Bourke -28.8501 146.7914 Warrego 

Groundwater Source 

Tego Tego Bourke -28.8502 146.7913 Warrego 

Groundwater Source 

Tego Tego Bourke -28.8508 146.7921 Warrego 

Groundwater Source 

Thooro Thooro Bourke -29.3695 145.3755 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3962 145.3040 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3964 145.3033 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3970 145.3028 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3957 145.3057 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3957 145.3021 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3979 145.3043 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3978 145.3063 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3978 145.3230 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3988 145.3229 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3984 145.3227 Warrego 

Groundwater Source 
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Thooro Mud Thooro Mud Bourke -29.3963 145.3207 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3969 145.3030 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3974 145.3064 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3975 145.3063 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3975 145.3080 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3969 145.3072 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3971 145.3081 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3944 145.3065 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3945 145.3072 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3931 145.3057 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3803 145.3406 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3961 145.3041 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3994 145.3216 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3984 145.3227 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3961 145.3039 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3995 145.3214 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3917 145.3041 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3918 145.3042 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3918 145.3044 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3924 145.3044 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3926 145.3048 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3937 145.3063 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3937 145.3048 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3948 145.3038 Warrego 

Groundwater Source 
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Thooro Mud Thooro Mud Bourke -29.3953 145.3067 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3963 145.3207 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3966 145.3070 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3968 145.3029 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3974 145.3067 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3974 145.3077 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3976 145.3070 Warrego 

Groundwater Source 

Thooro Mud Thooro Mud Bourke -29.3977 145.3230 Warrego 

Groundwater Source 

Thully Thully Bourke -29.7160 146.2843 Warrego 

Groundwater Source 

Thully Thully Bourke -29.7162 146.2849 Warrego 

Groundwater Source 

Thully Thully Bourke -29.7161 146.2837 Warrego 

Groundwater Source 

Thully Thully Bourke -29.7166 146.2843 Warrego 

Groundwater Source 

Thully Thully Bourke -29.7157 146.2846 Warrego 

Groundwater Source 

Thully Thully Bourke -29.7160 146.2849 Warrego 

Groundwater Source 

Tooloomi Tooloomi Non-GAB -29.1922 146.5875 Warrego 

Groundwater Source 

Tooloomi Tooloomi Non-GAB -29.1958 146.5808 Warrego 

Groundwater Source 

Yotomi Tooloomi Non-GAB -29.2014 146.5510 Warrego 

Groundwater Source 

Toulby Toulby Bourke -29.0193 146.9304 Warrego 

Groundwater Source 

Towry Towry Bourke -28.9707 146.9251 Warrego 

Groundwater Source 

Towry Towry Bourke -28.9708 146.9237 Warrego 

Groundwater Source 

Towry Towry Bourke -28.9716 146.9255 Warrego 

Groundwater Source 

Towry Towry Bourke -28.9728 146.9292 Warrego 

Groundwater Source 

Towry Towry Bourke -28.9732 146.9262 Warrego 

Groundwater Source 

Towry Towry Bourke -28.9743 146.9268 Warrego 

Groundwater Source 
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Towry Towry Bourke -28.9746 146.9263 Warrego 

Groundwater Source 

Tyngnynias Tyngnynias Bourke -29.2317 144.7011 Warrego 

Groundwater Source 

Wapweelah Wapweela Bourke -29.2731 145.3510 Warrego 

Groundwater Source 

Warroo Warroo Bourke -29.0672 144.6337 Warrego 

Groundwater Source 

Wee Wattah Wee Wattah Bourke -30.7317 144.2435 Warrego 

Groundwater Source 

Yantabangee Yantabangee Bourke -30.6615 143.8270 Central Groundwater 

Source 

Yantabulla Yantabulla Bourke -29.3383 145.0029 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3382 145.0036 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3386 145.0040 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3389 145.0041 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3389 145.0040 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3390 145.0032 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3398 145.0034 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3400 145.0044 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3419 145.0054 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3417 145.0054 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3373 145.0030 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3329 145.0129 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3328 145.0130 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3332 145.0130 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3332 145.0132 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3388 145.0029 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3417 145.0053 Warrego 

Groundwater Source 

Yantabulla Yantabulla Bourke -29.3417 145.0053 Warrego 

Groundwater Source 
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Paralna Youltoo Bourke -30.5250 143.1304 Central Groundwater 

Source 

Youltoo Youltoo Bourke -30.5772 143.1008 Central Groundwater 

Source 

Youngerina Youngerina Bourke -29.5246 145.1296 Warrego 

Groundwater Source 

Youngerina Youngerina Bourke -29.5421 145.1209 Warrego 

Groundwater Source 

Youngerina Youngerina Bourke -29.5435 145.1201 Warrego 

Groundwater Source 

Youngerina Youngerina Bourke -29.5437 145.1201 Warrego 

Groundwater Source 

Youngerina Youngerina Bourke -29.5441 145.1225 Warrego 

Groundwater Source 

Youngerina Youngerina Bourke -29.5442 145.1225 Warrego 

Groundwater Source 

 

Table B—High priority spring groundwater dependent ecosystems 

Column 1 Column 2 Column 3 Column 4 

High priority groundwater 

dependent ecosystem 

Latitude -Decimal 

degrees (South) 

Longitude -Decimal 

degrees (East) 

Groundwater 

Source 

Lawlers Spring -30.0817 150.0344 Southern Recharge 

O’Connors Spring -29.3983 150.8678 Eastern Recharge 

Rocky Holes Springs -29.3150 150.3678 Eastern Recharge 

Ulungra Springs -31.7150 149.1011 Southern Recharge 

Wheoh Spring -31.2150 149.0844 Southern Recharge 

Wittenbra Springs -31.0650 149.2011 Southern Recharge 

Yearinan Springs -31.1817 149.1844 Southern Recharge 

Hassells Spring -31.7483 149.0178 Southern Recharge 

Gidgenboyne Spring -31.7483 149.0178 Southern Recharge 

Cookamobla Springs -31.5150 149.3094 Southern Recharge 

Dandry North Springs -31.0317 149.2844 Southern Recharge 

Dandry Springs -31.1483 149.3178 Southern Recharge 

Hardy Spring -30.6650 149.8344 Southern Recharge 

Eather Spring -30.6817 149.8344 Southern Recharge 

Garrawilla Spring -31.1483 149.6344 Southern Recharge 

Gora Spring -31.0817 149.0678 Southern Recharge 

Jackys Spring -29.4483 150.4678 Eastern Recharge 

Grattai Spring -30.0983 150.0678 Southern Recharge 

Hickeys Spring -29.4483 150.5011 Eastern Recharge 

Barnsbys Springs -29.9650 150.1678 Southern Recharge 

Boggy Spring -29.4483 150.4844 Eastern Recharge 

Coxs Spring -29.3650 150.6844 Eastern Recharge 

Cucumber Springs -29.3317 150.8844 Eastern Recharge 
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Stump Spring -29.4650 150.5011 Eastern Recharge 
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Appendix 1 Overview of the Plan Map (clause 4) 

Overview of the Plan Map (WSP040_Version 2), Water Sharing Plan for the NSW Great 
Artesian Basin Groundwater Sources 2020 
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Appendix 2 Overview of the High Priority Groundwater-Dependent 

Ecosystem Map (clauses 4, 39 and 41) 

Overview of the High Priority Groundwater-Dependent Ecosystem Map (GDE025_Version 1), 
Water Sharing Plan for the NSW Great Artesian Basin Groundwater Sources 2020 
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Appendix 3 Map of the High Priority Groundwater-Dependent Ecosystems 

identified in Schedule 2 (clauses 4, 39 and 41) 

Map of the High Priority Groundwater-Dependent Ecosystems identified in Schedule 2 

Published LW 30 June 2020 (2020 No 354)
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