Groundwater monitoring results at Santos Tanumbirini and
Inacumba well sites in the Beetaloo Sub-basin in accordance with
the Code of Practice: December 2018 - December 2019

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:

e 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 pg/L) at
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Tanumbirni CMB over the monitoring period. Trace levels of methane (~3 pg/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 uS/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 Bqg/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/WRD9%96073.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 Tanumbirini Tanumbirini Inacumba
Water
Guidance | Control Impact Control
Monitoring Monitoring Monitoring
Bore Bore Bore
n=19 n=3 n=12
Standing Water - 156.9 -157.3 157.3 -157.4 | 158.6 £ 0.02
Level AHD (m)
Total Dissolved 600 828 + 57 864 + 13 1186 + 89
Solids (mg/L)
Total Alkalinity 406 + 41 408 + 17 431 + 38
(mg/L)
Electrical < 2,500 1304 + 109 1316 + 6 1778 + 123
Conductivity
(uS/cm)
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 pg/L N.A. <0.01 3.33+0.58 <0.01
Gross alpha (Bg/L) | 0.5 0.76 £ 0.12 0.72 £ 0.15 0.28 + 0.06
Gross beta (Bg/L) 1.0 0.39 £ 0.06 0.34 £ 0.02 0.23 +0.07
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Tanumbirini - Control and Impact Monitoring Bores
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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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Taumbirini CMB - water level
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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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Tanumbirini IMB water level
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Figure 5: Water level logger data for Tanumbirini IMB.

Department of ENVIRONMENT AND NATURAL RESOURCES
14 February 2020
Page 8 of 15



Groundwater monitoring results at Santos Tanumbirini and Inacumba well sites in the Beetaloo Sub-basin in accordance with the Code of
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Inacumba CMB - water level
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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.

TANUMBIRINI-1/2 IMB (GRF)

LABORATORY METHOD CHEMICAL NAME FRACTION D/ T/M RESULT UNIT M. results Min median Max LIMIT OF DETECTION 13f11/2019 14/11/201% 11/12/2019
APHA 2320 B Total Alkalinity as CaCO3 i) mafL 2 418 420 1 416 420 g8
APHA_2510_B Electrical Conductivity @ 25°C M uSfcm 2 1320 1320 1 1320 1320 1310
Total Dissolved Solids @180°C T magfL 2 857.5 BE2 10 853 862 B78
Suspended Solids 1] mag/L 2 Fi B 5 3 7
Mercury 0 mag/L 2 - <{0.0001 0.0001 <0.0001 <0.0001
Mercury T ma/L 2 - <. 0001 0.0001 <0.0001 < 0.0001
Calcium 1] mg/L 2 151.5 152 i 151 140
Magnesium 1] mag/L 2 57.5 53 1 57 57
Potassium 1] mag/L 2 12 12 1 12 13
Chloride N mag/L 2 110.5 111 1 111 110
[APHA_4500_F_C Fluoride N ma/L 2 0.6 0.1 0.6 0.6
[APHA 4500 H B pH - Lab N pH Unit 2 747 0.01 7.As 7.28
APHA_ 4500 _NO2 B Mitrite as N N mag/L 2 - 0.01 «=0.01 <0.01
APHA 4500 _NO3 F Mitrate as N N mag/L 2 - 0.01 «=0.01 <0.01
[APHA_4500_S04 E Sulfate as S0 2- 5] mag/L 2 186.5 1 187 162
[CSM_75 7611 75 7612 Gross aloha N Ba/lL 2 0.805 0.05 0.79 0.54
= [CSM_75 7611 75 7612 Gross beta activity - 40K N Ba/lL 2 0.355 0.1 035 0.32
ﬁ USEPA_&020 Arsenic D mig/L 2 0.004 0,001 0.004 0.0032
E USEPA_&020 Arsenic T ma/L 2 0,004 0,00 0.004 0.039
-E USEPA_&020 Barium ] mag/L 2 0.0455 0,00 0.045 0.044
e USEPA_&020 Barium T mag/L 2 0.0435 0,00 0.043 0.042
= USEPA_&020 Eoron ] mag/L 2 0.19 0.05 0.19 0.17
E_\ USEPA_&020 Earon T mg/L 2 0.17 0.05 0.17 0.08
& USEPA_s020 Cadmium ] mag/L 2 - 0.0001 <0.0001 < 0.0001
% USEPA_s020 Cadmium T mag/L 2 - 0.0001 <0.0001 < 0.0001
- USEPA_s020 Chromium 1] mag/L 2 - 0,001 <0.001 =0.001
E USEPA_5020 Chromium T mg/L 2 B 0.001 <0.001 =0.001
& USEPA_&020 Copper D mag/L 2 - 0,001 =0.001 =0.001
USEPA_&020 Copper T mag/L 2 0.003 0.001 0.004 =0.001
USEPA_&020 Iron D mag/L 2 4.205 0.05 3.68 <005
USEPA_6020 Iron T ma/L 2 5.155 0.05 4.12 4.48
USEPA_&020 Lead 5] ma/L 2 = 0.001 =0.001 =0.001
USEPA_&020 Lead T mig/L 2 0.003 0,001 0.004 0.002
USEPA_&020 Lithium D mafL 2 0.0705 0,001 0.07 0.074
USEPA_&020 Lithium T mafL 2 0.067 0,001 0.063 0.064
USEPA_&020 Manganese D meg/L 2 0.056 0,001 0.05 0.042
USEPA_&020 Manganese T mag/L 2 0.057 0,001 0.052 0.042
USEPA_S020 Selenium ] mag/L 2 - 0.01 <0.01 =0.01
USEPA_S020 Selenium T mag/L 2 - 0.01 <0.01 =0.01
USEPA_&020 Silver &) ma/L 2 - 0,001 <0.001 =0.001
USEPA_s020 Silver T mag/L 2 - 0,001 <0.001 =0.001
USEPA_s020 Strontium 1] mag/L 2 0.794 0,001 0.794 0.554
USEPA_s020 Strontium T mag/L 2 0.5045 0,001 0.763 0.764
USEPA_5020 Finc 5] ma/L 2 0.0075 0.005 0.006 0.011
USEPA_&020 Zinc T mag/L 2 0.0185 0.005 0.015 0.013
. EPD33-LL Ethans N |.|g,l'L 2 - 1 =1 =1 =1
E i % EPO33-LL Methane N g/l H 3.5 1 3 4 3
EPO33-LL Propans 1] pgfL 2 - 1 <1 <1 =1
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USEPA_BOLS =C10 - C16 Fraction N paiL 1 <100 <100 100 =100
o USEPA_BD15 »C10 - C16 Fraction minus Maphthalen| i pgiL 1 <100 <100 100 <100
-E ] USEPA_BD015 »C10 - C40 Fraction (sum) N paiL i <100 <100 100 =100
4 .E USEPA_ 8015 =C16 - C34 Fraction N pgyL [ <100 <100 100 <100
E E USEPA_BOLS =C34 - C40 Fraction N paiL 1 <100 <100 100 =100
EE USEPA_B015 5 - £36 Fracton [5um) N palL 1 =20 =20 20 80
g USEPA_8260 5 - C10 Fractian N palL 1 =20 =20 20 =20
= USEPA_B260 C5 - C10 Fraction minus BTEX [F1) N gL 1 <20 <20 20 =20
LPSEPA_ 8260 C6 - C9 Fraction N paiL i <20 =20 20 =20
USEPA_ 8260 Benzens N paiL 2 =1 <1 1 =1 =1
USEPA_8260 Ethylbenzene ] paiL H <2 <2 2 <2 <2
USEPA_8260 metz- & para-Kylene N paiL H <2 =2 ] <2 <2
fin] USEPA_ 8260 MNaphthalene N wag/L 2 <5 <5 5 <5 <5
B USEPA_8260 ortho-Iylene N paiL 2 =2 =2 2 =2 =2
USEPA 8260 Sum of BTEX N pgiL H <1 <1 1 =1 <1
USEPA_B260 Tolsene N pa/L 2 <2 <2 2 <2 <2
USEPA_ 8260 Total Xylenes N pa/L 2 <2 <2 2 <2 <2
USEPA_8270 LT I-Methylcholanthrene N paiL 2 <01 =0.1 0.1 =01 =0.1
USEPA 8270 LT 7.12-Dimethylbenz{a)anthracene ] padL H 0.1 <1 0.1 =01 <i.1
USEPA 8270 LT Acenaphthene ] paiL 2 <01 <01 0.1 <01 <0.1
USEPA 8270 UT Acenaphthylene N wag/L 2 <0.1 <0.1 0.1 <1 =01
USEPA_8270 LT Anthracens N paiL H =01 =0.1 0.1 =0.1 =0.1
USEPA 8270 LT Benz{a}anthracene N pgiL H <01 <.l 0.1 =01 <i.1
USEPA_8270 UT Benzol alpyrens N gl 2 =0.05 =005 0.05 <0.05 <005
USEPA_8270 LT Benzo{alpyrene TEQ (zero) N paiL 2 <01 =0.1 0.1 =01 =0.1
o USEPA 8270 LT Benzo b+ )Auoranthens ] padL H 0.1 <1 0.1 =01 <i.1
& USEPA_8270 LT Benzolg.h.ilperylens ] palL ? <1 <0.1 0.1 <01 <0.1
I USEPA_8270 UT Benzo{k)fluoranthene ] gL 2 <0.1 <0.1 0.1 <0.1 <01
a USEPA_8270 LT Chirysane il paiL H 0,1 =0.1 0.1 =0,1 <0.1
USEPA_B270_UT Dibenz] a.hjanthracene N pg/L 2 <0.1 <0.1 0.1 0.1 «0.1
USEPA_B270_UT Fluoranthens N waiL 2 <0.1 0.1 0.1 0.1 <0.1
USEPA_S270_UT Fluorene N pg/L 2 =0.1 <0.1 0.1 <0.1 <0.1
USEPA_8270 LT Indenof1.2.3.cd )pyrens N paiL 2 =01 =0.1 0.1 =01 =0.1
USEPA 8270 LT MNaphthalene ] padL H 0.1 <1 0.1 =01 <i.1
USEPA 8270 LT Phenanthrene ] paiL 2 <01 <01 0.1 <01 <0.1
USEPA 8270 UT Pyrens N wag/L 2 =01 =0.1 0.1 =01 =0.1
USEPA 8270 LT Sum of polyoydic aromatic hydrocarbo ] paiL H =01 =0.1 0.1 =0.1 =0.1
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