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Executive Summary 

The Scientific Inquiry into Hydraulic Fracturing in the Northern Territory in their final report 
in 2018, has concluded that for Beetaloo Sub-basin, there is a lack of baseline data available 
to facilitate strategic environmental (water and air) and land-use planning as well as fully 
inform issues associated with social impacts, human health, and Aboriginal people and their 
culture. Specifically, the Scientific Inquiry’s Final Report requires in Recommendation 7.8 
that:  

‘Measures to be mandated to ensure any onshore shale gas development does not cause 
unacceptable local drawdown of aquifers, including that the extraction of water from water 
bores to supply water for hydraulic fracturing be prohibited within at least 1 km of existing 
or proposed groundwater bores (that are used for domestic or stock use) unless 
hydrogeological investigations and groundwater modelling indicate that a different distance 
is appropriate, relevant water allocation plans (WAPs) include provisions that adequately 
control both the rate and volume of water extraction and that gas companies be required to 
monitor drawdown in local water supply bores and immediately rectify any problems if the 
drawdown is found to be excessive.’ 

In response to this recommendation and to address community concerns regarding 
potential impacts of onshore gas exploration and development on the groundwater of the 
Beetaloo Sub-basin, CSIRO in collaboration with the Northern Territory Government and 
three onshore gas explorers have commissioned a research project through GISERA to 
conduct baseline groundwater monitoring in the Beetaloo Sub-basin which is a prospective 
gas production region in the NT.  

Groundwater characteristics data for the Beetaloo Sub-basin are currently poorly available 
in public groundwater databases. . While this project (GISERA Project W16 - Baseline 
assessment of groundwater characteristics in the Beetaloo Sub-basin, NT project) will 
provide this information for communities both in the Beetaloo region and the NT more 
broadly, it will also help to establish appropriate monitoring tools for use by the NT 
Government in assessing potential impacts that the Shale gas industry may have on water 
resources in the NT. 

The aims of the project described in this report are to: 

 Identify groundwater velocity, recharge rate and source of recharge of the Cambrian 
Limestone aquifer, and  

 to improve the existing knowledge of the Cambrian Limestone Aquifer quality 
through characterisation of the groundwater chemistry of bores located in and 
around the three onshore gas explorer’s permit areas.  

This work is another important step in extending baseline groundwater characterisation of 
important aquifers of the Beetaloo Sub-basin. 
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This report provides results of a groundwater sampling program carried out in October – 
November 2018 and a comparison with a 2017 CSIRO survey. It also enables comparison 
with datasets supplied by three onshore gas explorers and Northern Territory Government.  

The most significant outcome of this study is an improved characterisation of recharge 
mechanism of the Cambrian Limestone Aquifer. The existing regional interpretation was 
updated with additional data from around the Origin and Santos permit areas. The data 
gathered in this study represents a “snapshot” of groundwater geochemistry across the area 
at the time of data gathering. Results from the Noble Gas and Isotope measurements are 
awaited and will be reported separately when available after June 2019. 

Conclusions from this work include: 

 Regional groundwater flow is broadly from south to north. The observed flow 
direction and hydraulic gradient are similar to those reported by Tickell (2003), GHD 
(2016) and Tickell and Bruwer (2017) studies for the Cambrian Limestone Aquifer. 

 In general, there is a lack of current monitoring data available in the Northern 
Territory groundwater database for the majority of bores located in the three 
onshore gas exploration permit areas to characterise the aquifers of the Cambrian 
Limestone Aquifer. However, Santos and Origin as part of their groundwater 
monitoring programs have installed water level loggers across their permit area and 
data from these data loggers will provide a better understanding of the localised 
flow regime as well as help in understanding impacts from extraction of water for 
stock and other purposes. 

 Based on the current groundwater sampling campaign, the predominant water type 
in the study area is Ca-SO4-HCO3 based on hydro-chemical facies differing from the 
water type (Ca-Mg-HCO3) observed during October 2017 groundwater monitoring 
program. The conductivity of the groundwater in the Cambrian Limestone Aquifer 
shows good to poor quality water with average electrical conductivity values (735 
µS/cm – 1946 µS/cm) for most of the bores less than the acceptable limit for potable 
water.  

 Most of the groundwater samples showed metal and hydrocarbon compound 
concentrations were below the Australian Drinking Water Guidelines (2011). Long 
term monitoring of these bores is required to understand seasonal variations of 
these analytes. Based on the June 2015 – November 2018 groundwater monitoring 
results, groundwater within the permit areas are suitable for irrigation and livestock 
purposes. 

 Three monitoring bores (RN037654, RN038580 and RN039080) have naturally 
occurring radionuclide concentrations that exceed the WHO (2017) for gross alpha 
radiation activity screening level (less than 0.5 Bq/l) for drinking water quality and 
would require further investigation for identification of individual radionuclides. 
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1 Introduction 

The Beetaloo Sub-basin is highly prospective for shale and tight gas and offers significant 
potential for the development of these resources. This development requires stimulation 
methods involving hydraulic fracturing of gas‐bearing, low permeability strata. There are 
several activities associated with onshore gas development that can potentially lead to 
changes in water quality as well as water levels. The Scientific Inquiry into Hydraulic 
Fracturing in the Northern Territory in their final report (2018) has concluded that for the 
Beetaloo Sub-basin, there is a lack of baseline data required to facilitate strategic 
environmental (water and air) and land-use assessment as well as being able to fully inform 
issues associated with social impacts, human health, and Aboriginal people and their 
culture. 

Specifically, the Scientific Inquiry Final Report requires in Recommendation 7.8 that:  

‘Measures to be mandated to ensure any onshore shale gas development does not 
cause unacceptable local drawdown of aquifers, including that the extraction of water 
from water bores to supply water for hydraulic fracturing be prohibited within at least 
1 km of existing or proposed groundwater bores (that are used for domestic or stock 
use) unless hydrogeological investigations and groundwater modelling indicate that a 
different distance is appropriate, relevant water allocation plans (WAPs) include 
provisions that adequately control both the rate and volume of water extraction and 
that gas companies be required to monitor drawdown in local water supply bores and 
immediately rectify any problems if the drawdown is found to be excessive.’  

Groundwater characteristics data for the Beetaloo Sub-basin are currently poorly available 
in public groundwater databases. The Scientific Inquiry into Hydraulic Fracturing in the 
Northern Territory final report recommends that before any further production approvals 
are granted, a regional water assessment with a focus on surface and groundwater quality 
and quantity (recharge and flow) be conducted for any prospective shale gas basin, 
commencing with the Beetaloo Sub-basin. While this project will provide this information 
for communities both in the Beetaloo region and the NT more broadly, it will also establish 
appropriate monitoring tools for use by the NT Government in assessing impacts that the 
Shale gas industry may have on water resources in the Beetaloo Sub-basin, NT. 

1.1 Objectives 

The Northern Territory (NT) community have concerns about potential impacts of the 
developing onshore gas industry on the quality and quantity of groundwater resources that 
are important to agriculture, tourism and community water supplies. These concerns were 
recorded in submissions to the NT Government ‘Scientific Inquiry into Hydraulic Fracturing in 
the Northern Territory’ and form part of the recommendations in the Final Report. A 
baseline characterization of aquifers expected to be intersected during the gas well drilling 
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development is required to better understand the water systems, help address these 
concerns and meet recommendations of the Inquiry. 

This project has four objectives for better understanding of groundwater characteristics of 
the important aquifers in the Beetaloo Sub-basin:  

1. Extend baseline groundwater characterization of important aquifers of the Beetaloo 
Sub-basin in order to be able to monitor change due to the gas development.  

2. Identify groundwater velocity, recharge rate and source of recharge of the Cambrian 
Limestone aquifer. 

3. Undertake background measurement of dissolved methane and methane isotopes, 
Total Recoverable Hydrocarbons (C6 – C40), Phenols, Polycyclic Aromatic 
Hydrocarbons (PAH) and benzene, toluene, ethylbenzene, xylenes and naphthalene 
(BTEXN) in water from these aquifers. 

4. Alpha and beta radiation measurements which are related to Uranium and Thorium 
and their decay series. Note that Uranium is also measured geochemically in this 
project. 

1.2 Need and scope 

In this project (to be reported as part of Task 5 report), variations in recharge rates, 
recharge mechanisms, and groundwater flow directions in the Cambrian Limestone Aquifer 
(CLA) will be evaluated using an environmental tracer survey. Results are awaited as of June 
2019. As per an initial pilot study in 2017, samples were collected along hypothesized 
groundwater flow paths overlapping the leases in which the industry are operating. Data 
collected during the 2018 survey will be combined with existing tracer information, 
including Geoscience Australia’s (GA) ‘Exploring for the Future’ program. Because of some of 
the characteristics of the CLA (large system, suspected compartmentalization of 
groundwater flow, presence of karst features, climate and vegetation gradients) success for 
the tracer approach requires collecting the maximum number of samples possible, including 
via complementary research initiatives such as those by GA. The outcomes of this project 
will provide scientific data to supplement and underpin the engagement process with the 
community that will be undertaken as part of CSIRO GISERA’s stakeholder engagement 
activities.  

1.3 Methodology 

Reports by Fulton and Knapton (2015), Tickell and Bruwer (2017) and Rachakonda et al. 
(2018) provide a summary of current understanding of the geology, hydrogeology and 
groundwater characteristics of the Beetaloo Sub-basin and help to provide a contextual 
statement for the area, as defined by the Bioregional Assessment methodology. Using the 
Rachakonda et al. (2018) report as the starting point, the proposed project consists of four 
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activities. The use of environmental tracers in the Beetaloo Sub-basin has been documented 
by Suckow et al (2018). 

1. Groundwater characterisation through monitoring of groundwater geochemistry of 
selected bores within the area. These bores were selected in collaboration with the 
participating gas companies.  

2. Groundwater sampling at selected bores located in these areas, to measure the 
concentration of dissolved methane (and its isotopic composition), major and minor 
ions, dissolved metals and other constituents of groundwater. 

3. Groundwater monitoring of selected bores in the area to evaluate the horizontal 
groundwater velocity, recharge rate and source of recharge by sampling 
groundwater along hypothesised flow-paths of the CLA of the Beetaloo Sub-basin. 

4. To acquire chemical data for rain events, possibly from a site at Daly Waters. 
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2 Methods 

The methodology follows the requirements outlined in the NT Government methodology for 
the sampling of groundwater advisory note (DPIR, 2016). Details of specific methods are 
outlined below.  

2.1 Water level measurements 

During the groundwater monitoring program, 25 groundwater bores were sampled by 
CSIRO. Standing water level information was sourced from the Northern Territory 
groundwater database, due to presence of headworks on wells or in some cases pumps 
were operating for an unknown period. Figure 1 shows the location of bores monitored by 
CSIRO during October - November 2018. 

2.2 Water quality sampling 

During the October - November 2018 groundwater monitoring program, groundwater 
samples were collected using a Bore Boss pump (Model no: BBR300S) for bores without any 
pump headworks. For bores with headworks, water samples were collected from existing 
sampling taps or a fitted outlet on the pump headworks. The location of each sampling 
point was selected with an aim of having a good geological representation of the Cambrian 
Limestone Aquifer. The location and site conditions for each sampling point were 
documented as part of the assessment process. 

Bores were purged for a minimum of three to five bore volumes. During sampling a steady 
state condition is maintained, and pumping rate of groundwater bore (bore yield) was 
estimated using a 9 litre bucket. Where this method was not practical due to the size of the 
flow or headworks configuration, bore yield was obtained from information provided in the 
Northern Territory groundwater database. During purging, field parameters were monitored 
regularly and groundwater samples were collected only when the field parameters were 
stabilised within a range outlined in the NT Government methodology for the sampling of 
groundwater advisory note DPIR (2016). 

Field parameters - Electrical Conductivity (EC), pH, temperature, Oxidation Redox Potential 
(ORP), Dissolved Oxygen (DO) – were measured using Eureka Manta 2 Multiparameter 
water quality meters. Water quality meters were routinely field calibrated against standard 
solutions during the field program. EC and DO measurements have a precision of ±1 % units. 
Temperature and ORP measurements have an instrument precision of ±0.1°C and ±20 mV. 
The pH readings have a precision of ± 0.2. 

For dissolved methane measurement, a 100 ml serum bottle is submerged in the bucket 
with water overflowing the bucket, as described in Groundwater Sampling and Analysis – A 
Field Guide (Sundaram et al., 2009). After the bottle has been thoroughly rinsed, a septum 
with a needle was inserted into it and used to plug the bottle (ensuring no bubbles were 
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present). The bottle was removed from the bucket and a few drops of concentrated 
sulphuric acid were injected into it via a syringe and needle. Both needles were carefully 
withdrawn, and the septum capped before the bottle was stored inverted.  

All equipped and operational bores were sampled for physical parameters, alkalinity, major 
ions and metals (dissolved and total). Dissolved metal samples were field filtered using 0.45 
micron filters. Field blanks were collected after every 6 to 8 samples. 

After collection, all samples were refrigerated and transported to CSIRO Perth NGL and ALS 
Darwin Laboratories respectively in eskies with ice blocks, for analysis. Chain of custody 
(COC) documentation was completed for all samples and was consistent with the CSIRO NGL 
and ALS Laboratories requirements. 

2.3 Water analyses 

2.3.1 Anions by Ion chromatography 

The water samples were diluted and analysed using US EPA Method 9056A on a Thermo 
Scientific IC-4000 using Dionex IonPac AG-18- 4m 150 mm column. All samples were 
analysed at least in triplicate and the average value was reported. The blanks were also 
evaluated, with the concentrations of these samples found to be below detection limits. 
Quality Control (QC) of the analysis was based on frequent (every 10 samples) re-analyses of 
continuing calibration control standards (CCCV) and throughout the instrument runs there 
were three individual runs of a Quality Control standard (certified reference material for 
major ions in water: HAMIL 20.2 (harbor water) Environment Canada). The results of CCCV 
and the QC samples were always within specification ±2 times the standard deviation (σ) 
value of the QC standard and within 5% of the CCCV standards.  

2.3.2 Alkalinity by titration 

A sub sample of groundwater samples collected during the groundwater sampling campaign 
were analysed for alkalinity according to US EPA Method 310.2 on a Methrohm Auto-
titrator. All samples were analysed at least in triplicate and the average value was reported. 
The trip and field blanks evaluated and the concentrations in these samples were below 
detection limits. Quality control of the analysis was based on frequent (every 10 samples) 
samples of Quality Control standard (certified reference material for major ions in water: 
HAMIL 20.2 (harbor water) Environment Canada). The results of QC sample were observed 
to have been always within specification ±2σ value of the standard. 

2.3.3 Major cations in water by ICP-OES 

The groundwater samples were diluted and analysed according to US EPA Method 200.7 on 
an Agilent 725 radial ICP-OES. All samples were analysed at least in triplicate and the 
average value was reported. The field blanks were evaluated and the concentrations in 
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these samples were below detection limits. Quality control of the analysis was based on 
frequent (every 10 samples) re-analyses of continuing calibration control standards (CCCV) 
and throughout the instrument runs there were three individual runs of Quality Control 
standard (certified reference material for major ions in water: HAMIL 20.2 (harbor water) 
Environment Canada). The results of CCCV and the QC samples were observed to have been 
always within specification ±2σ value of the QC standard and within 5% of the CCCV 
standards. 

2.3.4 Trace Elements in water by ICP-MS 

The water samples were analysed according using US EPA Method 310.2 on an Agilent 7700 
ICP-MS system after the addition of known amounts of Bi, Ge, In, Li, Lu, Rh, Sc and Tb as 
internal standards. The blanks were evaluated and any subsequent positive, but low values 
observed in the field blanks were deducted from samples that were sampled in the same 
batch. Quality control of the analysis was based on frequent (every 10 samples) re-analyses 
of continuing calibration control standards (CCCV) and throughout the instrument runs 
there were three individual runs of Quality Control standard (certified reference material for 
trace metals in water: TM 25.4 Environment Canada). The results of CCCV and the QC 
samples were observed to have been always within specification ±2σ value of the QC 
standard and within 5% of the CCCV standards. 
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Figure 1 Locations of bores sampled as part of 2018 GISERA Groundwater project at Beetaloo Sub-basin 
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3 Results  

The survey was completed over a three-week period commencing on 18 October 2018. 
Results of the geochemistry analysis study are presented in this report. Results of the 
environmental tracer study are discussed in the companion report (Task 5 report). 

3.1 Potentiometric head calculation and contour generation 

3.1.1 Potentiometric head calculation and contour generation 

The 3902 bore monitoring results supplied by the DENR, Origin, Santos and Pangaea to 
CSIRO as part of the project as well as the data obtained during the October-November 
2018 GISERA groundwater sampling campaign were considered. Of the 3902 groundwater 
bores, only 3302 bores had water level information and were considered for potentiometric 
head contour generation. Figure 2 shows the location of bores considered for the baseline 
assessment and groundwater level measurement records. The potentiometric head data 
have been used to generate contours to determine the direction of groundwater flow.  

Based on the above data, a new set of potentiometric head contours for the Cambrian 
Limestone Aquifer was generated and are shown in Figure 3. 

To create the potentiometric head contours for each formation of the Cambrian Limestone 
Aquifer, a georeferenced Surfer grid file was generated using default Kriging interpolation 
parameters with a mesh size of 100 m. The Surfer grid files were exported to ArcGIS 
software and a set of potentiometric head contours generated using the Contour tool and 
filled contour plot generated using Filled Contours tool. The contours were clipped to the 
individual formation of the Cambrian Limestone Aquifer shapefile provided by the DENR. At 
some locations, the potentiometric head contours contain a series of closed highs, which 
may be an artefact of the contouring method and the limited number of bores at the 
location. 

Groundwater flow across the Cambrian Limestone Aquifer is broadly from south to north. 
The observed regional flow direction and hydraulic gradient are in accordance with Tickell 
(2003), GHD (2016) and Tickell and Bruwer (2017) studies for the Cambrian (Tindall) 
Limestone Aquifer. As reported by Tickell and Bruwer (2017), no groundwater discharge 
zones were observed for the formations of the Cambrian Limestone Aquifer considered. 

As part of this project, a suite of environmental tracers were sampled in 25 wells whose 
locations are represented as red triangles in Figure 1. Results of environmental tracer study 
undertaken as part of the current project will be used for estimating the groundwater 
recharge for the Beetaloo Sub-basin region and will be reported as part of Task 5 report.  
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Figure 2 Location of groundwater bores considered for regional groundwater level contours 
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Figure 3 Regional groundwater level contours in the Cambrian Limestone Aquifer 
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3.2 Groundwater quality 

Water quality samples were collected from 25 bores located in and around the Pangaea, 
Santos and Origin Permit areas. The samples were analysed for physical parameters, 
alkalinity, carbonates, major ions, and metals (dissolved and total). Results of water quality 
analysis along with detection limits and Australian drinking and freshwater guidelines are 
provided in Table 1. Groundwater analytical results were compared with the following water 
quality guidelines: 

 Australian and New Zealand Environment and Conservation Council (ANZECC) / 
Agriculture and Resource Management Council of Australia and New Zealand 
(ARMCANZ), October 2000, Australian and New Zealand Guidelines for Fresh and 
Marine Water Quality 

 National Health and Medical Research Council, National Resource Management 
Ministerial Council (NHMRC, NRMMC), October 2011, Australian Drinking Water 
Guidelines Paper 6 National Water Quality Management Strategy, Version 3.4, 
October 2017. 

 World Health Organization fourth edition incorporating the first addendum, 2017, 
Guidelines for drinking water quality. 

In the DENR HYDSTRA database, water quality information related to samples collected 
before 2000 are available for groundwater bores located within the study area. Based on 
CSIRO request for information about the water bores and water quality results for bores 
located within and around their permit areas, Origin, Pangaea and Santos have supplied 
water-monitoring results for various sampling periods. The geochemistry data being 
obtained by Origin, Pangaea and Santos represent an important data source to supplement 
the data currently existing in the DENR HYDSTRA database. 

The field analysis and water quality parameters measured by Origin for June 2015 – 
September 2018, Santos during August 2017 and Pangaea during 2015 periods, were 
compared with the results observed during the October - November 2018 monitoring 
campaign. Oxidising conditions with a pH range of 6.44 – 7.65 were observed in a majority 
of the groundwater bores during the October – November 2018 monitoring period. For a 
majority of bores, field analysis and water quality parameters observed during the October 
– November 2018 monitoring period were within the range observed during previous 
monitoring periods. 

The data gathered in this study represents a “snapshot” of groundwater chemistry 
distribution across the area at the time of sampling, and long-term monitoring of these 
bores is required to understand seasonal variations. The impacts of rainfall and transpiration 
on migration of chemicals to groundwater is not studied as part of the current study. The 
environmental tracer study (Task 5 report) undertaken as part of the current project could 
help in understanding the recharge processes as well as interactions between aquifers.  
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Based on the 2015-18 groundwater monitoring results, groundwater in the permit areas are 
suitable for irrigation and livestock purposes. 

3.2.1 Salinity 

The spatial distribution of groundwater quality (EC) data across the study area is presented 
in Figure 4. The conductivity of groundwater in the Cambrian Limestone Aquifer shows 
water is of good to poor water quality with the average EC value for most of the bores less 
than the acceptable limit for potable water of 1875 µS/cm. 

There were no time series salinity data available for the majority of bores monitored as part 
of this project (including the bores monitored by Origin, Pangaea and Santos) in the publicly 
available records. The only time series data available in the permit areas is that being 
generated by the Origin, Pangaea and Santos themselves. 

3.2.2 Major ions  

The relative major ion concentrations of the Cambrian Limestone Aquifer are plotted on a 
tri-linear Piper diagram in Figure 5. All groundwaters are of Calcium (Ca)-Sulphate (SO4)-
Bicarbonate (HCO3) type based on the cation and anion concentrations of diagnostic 
chemical character of water solutions in hydrologic systems (hydro-chemical facies), but 
waters from the different wells cluster in distinct groups. The high proportion of Ca-SO4-
HCO3 is characteristic of aquifers in limestone and dolomitic aquifer systems and with 
relatively high influence of meteoric recharge. During the October – November 2018 
monitoring period, the majority of bores in the study area displayed a Na-Ca-Mg cationic 
signature. 

3.2.3 Metals 

Most of the groundwater sample metal concentrations were below the ANZECC  & 
ARMCANZ (2000) and Australian Drinking Water Guidelines (NHMRC, 2011) values. 

3.2.4 Methane 

During the October – November 2018 monitoring program, groundwater sample dissolved 
methane concentrations were less 10 mg/l. Stable carbon isotopic compositional range of 
methane were detected in two groundwater wells (RN031397 and RN038179) and observed 
methane is due to sub-surface microbial activities (Coleman et al., 1993). 

3.2.5 Phenolic and Hydrocarbons 

Groundwater sample phenolic and hydrocarbon compounds were not detected during the 
October – November 2018 sampling program. 
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3.2.6 BTEXN 

BTEXN compounds were not detected during the October – November 2018 sampling 
period. 

3.2.7 Alpha and Beta Activity 

During the October – November 2018 sampling program, three groundwater bores: 
RN037654, RN038580 and RN039080 as shown in Figure 6, have exceeded the WHO (2017) 
initial gross alpha screening level (less than 0.5 Bq/l) for drinking water quality and would 
require that the concentrations of individual radionuclides be measured and compared with 
the radionuclide specific guidance level, taking local circumstances (e.g. geology, 
hydrogeology) into account. 
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Figure 4 Distribution of groundwater electrical conductivity for bores in Cambrian Limestone Aquifer 
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Figure 5 Piper diagram showing major ion signature for the Cambrian Limestone Aquifer 
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Figure 6 Location of bores exceeding the WHO (2017) drinking water guidelines for gross alpha activity 
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Table 1 Water quality sampling results 

 

 
 

* Discharge rate were estimated either from Bore Boss pump flow curve (FPS 4400) or as provided by Origin/Santos/Pangaea personal or obtained from NT groundwater database. 

** As pump was running for unknown period, it was assumed that well is purged before arrival of team at site. 

ICP-MS: Inductively Coupled Plasma - Mass Spectrometry. US EPA Method 6020A has been used for analysis. 
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