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Introduction 
This report is a continuation of a series of quarterly public reports compiled by the Department of 
Environment and Natural Resources (DENR).  The Code of Practice: Onshore Petroleum Activities in the 
Northern Territory (the Code) (2019) requires 6 months of baseline monitoring of groundwater at a well site 
prior to undertaking hydraulic fracturing activities. This report presents  results of on-going groundwater 
monitoring undertaken by Santos at its well sites in the Beetaloo sub-basin in compliance with the Code.  
The report includes updated ongoing groundwater monitoring data for the control monitoring bores (CMB) 
at the Tanumbirini and Inacumba  petroleum well site on EP161 and groundwater monitoring data for the 
newly constructed impact monitoring bore (IMB) at the Tanumbirini well site (Figure 1). 

Groundwater Monitoring Program 
Companies are required to submit groundwater monitoring data quarterly, in compliance with the the Code. 
DENR has committed to publishing the monitoring results from interest holders to increase the transparency 
of monitoring and reporting of groundwater potential impacts by the onshore gas industry in the Northern 
Territory.  

The Santos groundwater monitoring program consists of: 

• Control Montoring Bore (CMB), which is located “upstream’’ and within 100 m of each planned or
existing petroleum well pad, screened across the Gum Ridge aquifer and a separate CMB screened
across the Anthony Lagoon aquifer in compliance with the Code; and

• Impact Monitoring Bore (IMB), which is located 20 m “downstream” of the location of the petroleum
well(s).

These bores enable an ongoing comparison of the groundwater upstream and downstream of the petroleum 
well, to allow for an immediate identification of any variation in the groundwater that can be directly related 
to the petroleum activity.  

Groundwater quality 
At both the Tanumbirini and Inacumba petroleum well sites the regional Cambrian Limestone Aquifer (CLA) 
system consists of only the Gum Ridge aquifer. This karstic  aquifer is used as a source of groundwater by 
pastoralists and regional communities. A groundwater extraction licence (GRF10280) has been granted to 
Santos  for extraction of up to a total of 190 ML per year from the Gum Ridge aquifer across it’s exploration 
permit areas in the Beetaloo sub-basin. At the Tanumbirini well site both a control monitoring bore (CMB) 
and an impact monitoring bore (IMB) have been constructed. The approved hydraulic fracturing of the 
vertical Tanumbirini-1 petroleum well was completed in November 2019. At the Inacumba well site the 
drilling of the approved Inacumba exploration petroleum well had not yet commenced during the monitoring 
period (Dec 2018-Dec 2019). An IMB has not yet been installed at Inacumba. 
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Figure 1: Santos Tanumbirini and Inacumba well sites on Exploration Permit (EP) 161 area in the Beetaloo sub-basin 
(courtesy: Santos) 

Summary and Interpretation of Results 
The updated raw groundwater monitoring results reported quarterly by Santos for the Beetaloo Sub-basin 
are available at Appendix 1. 

Table 1 lists a summary of key “indicator” analyte averages and standard deviations for the sampling events 
at both Tanumbirini and Inacumba well sites. 19 sampling events for the CMB at Tanumbirini and 12 
sampling events for the CMB at Inacumba were undertaken during the sampling period from December 
2018 to December 2019. Three sampling events were undertaken during the sampling period from 
November to December 2019 for the IMB at Tanumbirini, prior to and following the hydraulic fracturing 
operations on the Tanumbirini-1 petroleum well. 

Groundwater quality was different between the Tanumbirini and Inacumba well sites for a range of water 
quality parameters, the most notable being salinity related variables such as total dissolved solids, electrical 
conductivity and chloride concentration (Table 1).  Tanumbirini well site, situated approximately 20 kms 
northwest of the Inacumba well site, was “fresher” than Inacumba.    

Figure 2 provides graphical presentation of the baseline quartile ranges for key “indicator” analytes in the 
CMB and IMB at the Tanumbirini well site. Methane levels were below the limits of detection (> 1 µg/L) at 
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Tanumbirni CMB over the monitoring period. Trace levels of methane (~3 µg/L) were detected in the 
Tanumbirini IMB during the monitoring period (November to December 2019). Water quality was in general 
very similar (no significant difference) between the CMB and IMB  at Tanumbirini both before and following 
the hydraulic fracture operations undertaken on the Tanumbirni-1 well in late November, 2019.  Each 
analyte has been scaled appropriately for graphing. For example, electrical conductivity (E.C.) is divided by a 
factor of 10 so in the Tanumbirini CMB the E.C. quartile range is approximately 1290 to 1410 µS/cm. 
Similarly gross alpha is multiplied by a factor of 100 so in the Tanumbirini CMB the quartile range is 
approximately 0.35 to 0.91 Bq/L. Average values for all analytes in both aquifers were below drinking water 
guidance values except for gross alpha radionuclides. Radionuclides (both alpha and beta) also had the largest 
variation in the range of values among the key analytes, as can be seen in Figure 1. While groundwater may 
on occasion exceed gross alpha drinking water standard in the Gum Ridge aquifer (Table 1) at both 
Tanumbirini and Inacumba, this is not uncommon in groundwater systems where concentrations of dissolved 
natural constituents can build up during prolonged periods of water/rock contact. For example, similar 
results have been reported around Katherine (1996): 

 https://www.territorystories.nt.gov.au/jspui/bitstream/10070/228526/1/WRD96073.pdf 

Figure 3 presents similar data for the CMB only at Inacumba  well site. Inacumba well site is situated “up-
gradient” of Tanumbirini well site in the Gumridge aquifer. This can be determined by comparison of water 
level height relative to Australian height datum (AHD) which is approximately 157.3m AHD at Tanumbirini 
and 158.6m AHD at Inacumba (Table 1). 

Figure 4 -6 provide water level logger data for Tanumbirini and Inacumba well sites from Dev ’18 to Dec ‘19. 
The change in standing water levels that can be observed is due to pumping activities both in the monitored 
bores and from nearby bores. These variations are relatively minor and overall water level is considered 
reliable. 

The groundwater will continue to be monitored in accordance with the Code and the Preliminary Guideline: 
Groundwater Monitoring Bores for Exploration Petroleum Wells in the Beetaloo Sub-basin (2018). 

Conclusion 
In accordance with the Code and Ministerial condition of approval of the EMP, results of ongoing 
groundwater monitoring must be provided by Santos every quarter for three years from the approval date 
of the EMP (2019). This data will be reported and published on the DENR website as they become available. 
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Table 1: Average and standard deviation results for key ‘indicator’ analytes for Santos control monitoring bores (CMB) 
at Tanumbirini and Inacumba and impact monitoring bores (IMB) at Tanumbirini.. 

Key analyte Drinking 
Water 
Guidance 

Tanumbirini 

Control 
Monitoring 
Bore 

n = 19 

Tanumbirini 

Impact 
Monitoring 
Bore 

n = 3 

Inacumba 

Control 
Monitoring 
Bore 

n = 12 

Standing Water 
Level AHD (m) 

- 156.9 -157.3 157.3  - 157.4 158.6 ± 0.02 

Total Dissolved 
Solids (mg/L) 

600 828 ± 57 864 ± 13 1186 ± 89 

Total Alkalinity 
(mg/L) 

406 ± 41 408 ± 17 431 ± 38 

Electrical 
Conductivity 
(µS/cm) 

< 2,500 1304 ± 109 1316 ± 6 1778 ± 123 

Chloride (mg/L) ~ 250 108 ± 11 110 ± 0.6 155 ± 3 

Barium (mg/L) 0.7 0.04 ± .02 0.04 ± .01 0.038 ± .001 

Boron (mg/L) 4.0 0.18 ± 0.02 0.18 ± 0.02 0.27 ± 0.02 

Strontium (mg/L) N.A 0.82 ± 0.08 0.79 ± 0.05 0.95 ± 0.12 

Methane µg/L N.A. <0.01 3.33 ± 0.58 <0.01 

Gross alpha (Bq/L) 0.5 0.76 ± 0.12 0.72 ± 0.15 0.28 ± 0.06 

Gross beta (Bq/L) 1.0 0.39 ± 0.06 0.34 ± 0.02 0.23 ± 0.07 
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 Figure 2: Natural background quartile ranges for key “indicator” analytes in control monitoring bore (CMB) and impact monitoring bore (IMB) at Tanumbirni 
well site based on sampling events from Dec’ 18 to Dec ’19. Analytes have been scaled for graphical presentation. 
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Figure 3: Natural background quartile ranges for key “indicator” analytes in the Gum Ridge aquifer at the Inacumba well site based on sampling events from Dec’ 18 to Dec 
’19. Analytes have been scaled for graphical presentation. 
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Figure 4: Water level logger data for Tanumbirini CMB. The change in standing water levels that can be observed is due to pumping activities both in the monitored bores and 
from nearby bores. These variations are relatively minor and overall water level is considered reliable. 
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Figure 5: Water level logger data for Tanumbirini IMB. 
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Figure 6: Water level logger data for Inacumba CMB. The change in standing water levels that can be observed is due to pumping activities both in the monitored bores and 
from nearby bores.  
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Appendix 1 
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Appendix 1 cont. 
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Appendix 1 cont. 
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