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Figure 11: Deep Bores Water Level Monitoring Results - MGP 
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Figure 12: Deep Bores Water Level Monitoring Results - BGP 
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4.2.3 Groundwater Flow 

A review of vertical gradients was undertaken for two monitoring locations in the MGP Area and one monitoring location in 
the BGP area. Monitoring at each site included: 

• Site 1: From deepest to shallowest; Back Creek Group (M314W), Moranbah Coal Measures (M314W), Fort Cooper 
Coal Measures (M325W) as well as data from monitoring approximately 3 km north west in the weathered Fort 
Cooper Coal Measures (M222W) and Quaternary Alluvium (M224W). 

• Site 2: From deepest to shallowest; Back Creek Group (M313W), Moranbah Coal Measures (M313W), Moranbah 
Coal Measures (M324W) and Fort Cooper Coal Measures (M324W);and 
Site 3. From deepest to shallowest, Moranbah Coal Measures, Fort Cooper Coal Measures and Fort Cooper  Coal 
Measures (Girrah seam), in MB1. 

Figure 13 below shows the vertical gradients for Site 1 and the latest data indicates the FCCM aquifer, at bore M325W, has 
the lowest water level. The collected and graphically displayed data indicate a very steady and continued recovery. With the 
exception of M325W there is an apparent gradient toward the MCM (the target coal seams for CSG production from the 
MGP) i.e. upward from the BCG and downward from the Quaternary Alluvium, to the FCCM and then to the MCM. 

Water levels in monitoring bore M222W which is constructed into the FCCM show a rising trend in response to above 
average rainfall recharge. Water levels in M224W constructed in the Quaternary Alluvium show that trends in water levels 
are linked to flows in the nearby Isaac River. 

A decline in water levels have been observed in M314W within MCM and the BCG. The water level trends between the 
MCM and shallow aquifer seem to indicate no vertical hydraulic links exist at this location. 

 

Figure 13: Site 1 - Review of Vertical Gradients (M224W, M222W, M325W and M314W) 

Figure 14 shows the graphically displayed vertical gradients for Site 2 and based on the presented data, water levels in the 
MCM monitoring bores have continued to recover following cessation of production in GM052V.  

Drawdown as a result of water production in CSG wells to the MCM aquifer is evident at site M313W and M324W but since 
the production ceased in April 2017, the water level recovery is evident in both monitoring boreholes. Monitoring data for the 
FCCM and BCG at this site indicates a slight decline in water levels.  Decline in water levels noted for the FCCM are 
observed to correlate to the water production in CSG wells and consequential drawdown in the underlying MCM. This 
suggests that there is some transmission of impacts from the MCM to the shallower FCCM. Whilst there is some decline in 
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water levels in the deeper Back Creek Group aquifer, it does not clearly correlate to the water production in the CSG wells 
and ongoing monitoring will confirm this. Based on this, monitoring data suggests that impacts are contained within the MCM 
and FCCM and no vertical hydraulic links exist at this location. 

 

 

Figure 14: Site 2 - Review of Vertical Gradients (M324W and M313W) 

A review of vertical gradients was undertaken for one monitoring location in the BGP (MB1 – denoted Site 3). Figure 15 
shows the graphically displayed vertical gradients for Site 3 and based on the presented data, a decrease in water levels in 
the Moranbah Coal Measures is visible, with a smaller decrease seen in the Fort Cooper Coal Measures. Prior to this 
decrease, the Fort Cooper Coal Measures displayed similar water levels to the Quaternary Alluvium. This decline in water 
levels can be attributed to the workover conducted on MB1 to equip the borehole for multi-zone monitoring. During the 
workover process, a slug of water was introduced to ‘kill’ the well and due to the low permeability of the FCCM and MCM, a 
decline in water level was seen. As of the end of 2022 the water levels in all three zones are stabilising, with the MCM zone 
displaying an increase in water levels. 

As discussed in Section 3.2, pressure spikes at the time of sampling from the lower zone from MB1-D are likely associated 
with spikes in temperature in the Fairhill pressure gauge. 

Ongoing monitoring will provide further information on the interconnectivity of aquifers at these sites. 
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Figure 15: Site 3 - Review of Vertical Gradients (MB1) 
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4.3  Groundwater Quality Monitoring 

The groundwater quality monitoring results are shown in Appendix C. A summary of these results is provided in the following 
sections. 

4.3.1 Shallow aquifer water quality 

4.3.1.1 MGP 

The groundwater quality data indicated that there are no notable trends. In general, the data showed that: 

• Groundwater quality of the quaternary alluvium varies from brackish to saline; 

• Groundwater quality of the tertiary basalt aquifer varies from brackish to saline; 

• Groundwater quality of the tertiary sediment aquifer is fresh to brackish to brackish; 

• Groundwater quality of the weathered coal measures is saline; and 

• Groundwater quality of the Rewan Formation is saline. 

M250W was not monitored in Q4 2022 however is scheduled to be monitored, and sampled if sufficient water is present, by 
31 May 2023. 

4.3.1.2 BGP 

No groundwater quality data was obtained for the shallow aquifer for the BGP. At present, no shallow groundwater quality 
data locations are required to be collected. As the project progresses, the following locations will require groundwater quality 
data to be collected: 

• MB5; 

• MB7-S; 

• MB8; 

• MB9-S; 

• MB10; 

• MB11-S; 

• MB13-S (contingent); 

• MB14-S; 

• MB15-S & MB15-I (contingent); 

• MB16; and 

• MB17-S & MB17-I (contingent). 
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4.3.2 Deep aquifer background water quality 

4.3.2.1 MGP 

Table 5 provides a summary of water quality results obtained from bores targeting the deep aquifers (M313W, M314W, 
M324W, M325W, AN019F, GR067V, M162V, M134GMV and MB1-D. This provides an indication of water quality ranges for 
each parameter analysed based on aquifer type. Results for some parameters between different monitoring locations show 
high degree of variation which is likely to be attributable to the spatial heterogeneity and low permeability of the 
hydrogeological system. In addition to this, as displayed by the groundwater pressure data, groundwater recovery for some 
sites is slow and this is likely to result in variations in some parameters at the same monitoring location. Overall, a review of 
this data indicates that there are no notable trends. In general, this data shows that: 

• Groundwater quality of the Fort Cooper Coal Measures aquifer is fresh to saline2; and 

• Groundwater quality of the Moranbah Coal Measures is fresh to brackish to saline. 

It should be noted that bore M324W was not sampled in Q4 2022 due to equipment issues and access due to weather. The 
bore is scheduled to be sampled in Q2 2023.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 Environmental Protection Agency (EPA) of South Australia 
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Table 5: Background Water Quality – Deep Monitoring Bores 

Parameters Units 

Fort Cooper  
Coal Measures 

Moranbah Coal 
Measures 

Min Max Min Max 

Field pH   6.79 11.8 7.27 9.42 

Electrical Conductivity µS/cm 1170 15700 1710 16000 

Total Dissolved Solids mg/L 707 9910 1160 9810 

Hydroxide Alkalinity (OH-) as 
CaCO3 

mg/L <1 456 <1 <1 

Carbonate Alkalinity as CaCO3 mg/L <1 157 <1 456 

Bicarbonate Alkalinity as CaCO3 mg/L <1 1380 159 2380 

Total Alkalinity as CaCO3 mg/L 223 1380 159 2420 

Sulphate, SO4 mg/L <1 68 <1 134 

Chloride, Cl mg/L 188 4920 198 5850 

Calcium - Dissolved mg/L <1 276 6 209 

Magnesium - Dissolved mg/L <1 256 <1 62 

Sodium - Dissolved mg/L 199 2590 212 3490 

Potassium - Dissolved mg/L 12 73 6 1450 

Arsenic-Dissolved mg/L <0.001 0.005 <0.001 0.013 

Beryllium-Dissolved mg/L <0.001 <0.001 <0.001 <0.001 

Barium-Dissolved mg/L 0.005 12.2 0.236 23 

Cadmium-Dissolved mg/L <0.001 <0.001 <0.001 0.001 

Chromium-Dissolved mg/L <0.001 0.004 <0.001 0.018 

Cobalt-Dissolved mg/L <0.001 0.004 <0.001 0.01 

Copper-Dissolved mg/L <0.001 0.582 <0.001 7.08 

Lead-Dissolved mg/L <0.001 0.459 <0.001 2.19 

Manganese-Dissolved mg/L <0.001 0.304 0.007 0.446 

Molybdenum mg/L 0.006 0.114 0.001 0.091 

Nickel-Dissolved mg/L <0.001 0.02 <0.001 0.05 

Selenium mg/L <0.01 <0.01 <0.01 <0.01 

Strontium mg/L 0.639 8.18 1.18 10.8 

Vanadium-Dissolved mg/L <0.01 <0.01 <0.01 0.02 

Zinc-Dissolved mg/L <0.005 2.16 <0.005 0.568 

Boron mg/L 0.24 1.17 0.46 2.4 

Iron mg/L <0.05 2.94 0.07 3 

Mercury-Dissolved mg/L 0.42 0.42 <0.0001 0.87 

Fluoride, F mg/L 0.2 4.5 0.4 2.6 

Phosphate as P in water mg/L <0.01 0.59 <0.01 17.4 
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4.3.2.2 BGP 

Table 6 provides a summary of water quality results obtained from bores targeting the deep aquifers (MB1-D and GW007B).  

Overall, a review of this data indicates that there are no notable trends. In general, this data shows that: 

• Groundwater quality of the Fort Cooper Coal Measures aquifer is brackish; and 

• Groundwater quality of the Moranbah Coal Measures is brackish. 

Currently, groundwater quality data is required to only be collected at MB1-D. Water quality sampling was required at MB1-
D at biannual frequency for the first year, which was achieved, and sampling will continue annually going forward. 

A sample was collected from GW0007B at the same visit as a water level logger download from GW007B was undertaken 
in November 2019. Although it is not required by the GMMP, it is included into Table 6 for analysis. 

For the BGP, deep groundwater quality data will be required to be collected at the following monitoring locations as the 
project progresses: 

• MB7-D; 

• MB9-I & MB9-D; 

• MB11-D; and 

• MB14-I & MB14-D. 
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Table 6: Background Water Quality – Deep Monitoring Bores 

Parameters Units 

Fort Cooper  
Coal Measures 

Moranbah Coal Measures 

GW007B MB1-D 

   Min Max 

Field pH   6.79 7.86 8.26 

Electrical Conductivity µS/cm 15700 8600 9380 

Total Dissolved Solids mg/L 9910 5110 5460 

Hydroxide Alkalinity (OH-) as CaCO3 mg/L <1 <1 <1 

Carbonate Alkalinity as CaCO3 mg/L <1 <1 40 

Bicarbonate Alkalinity as CaCO3 mg/L 1380 817 1870 

Total Alkalinity as CaCO3 mg/L 1380 817 1870 

Sulphate, SO4 mg/L <1 <1 11 

Chloride, Cl mg/L 4920 1940 2560 

Calcium - Dissolved mg/L 276 6 14 

Magnesium - Dissolved mg/L 256 6 12 

Sodium - Dissolved mg/L 2330 1900 2410 

Potassium - Dissolved mg/L 64 16 24 

Arsenic-Dissolved mg/L 0.005 0.002 0.003 

Beryllium-Dissolved mg/L <0.001 <0.001 <0.001 

Barium-Dissolved mg/L 12.2 2.72 4.29 

Cobalt-Dissolved mg/L 0.001 <0.001 0.001 

Copper-Dissolved mg/L <0.001 <0.001 0.005 

Lead-Dissolved mg/L <0.001 0.002 0.008 

Manganese-Dissolved mg/L 0.12 0.009 0.049 

Molybdenum mg/L 0.006 0.014 0.018 

Nickel-Dissolved mg/L 0.02 0.01 0.05 

Vanadium-Dissolved mg/L <0.01 <0.01 <0.01 

Zinc-Dissolved mg/L 2.16 <0.005 0.045 

Boron mg/L 0.24 1.04 1.68 

Iron mg/L 2.94 0.56 1.53 

Fluoride, F mg/L 0.2 2 2.2 

Phosphate as P in water mg/L 0.02 1.31 1.31 
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5 RESEARCH 

A list of research and reports produced in this reporting period are described below: 

• 2022 Bowen UWIR submitted to the DES and was approved with conditions on 2 August 2022.  This report 
incorporates an update to the groundwater model, with associated impacts and includes results from the updated 
2021 Bowen groundwater model. 

A copy of the 2022 Bowen UWIR can be found on Arrow Energy’s website at 
https://www.arrowenergy.com.au/__data/assets/pdf_file/0016/31156/Arrow-Energy_2019-UWIR_Bowen.pdf   

https://www.arrowenergy.com.au/__data/assets/pdf_file/0016/31156/Arrow-Energy_2019-UWIR_Bowen.pdf
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6 CONCLUSION 

• Seven (7) wells have been installed, less than the 1408 authorised operational wells. The seven wells were 

installed in 2019.A total of nine (9) locations are now monitored in this reporting period as part of the BGP 

monitoring network to supplement the existing monitoring network established for Arrow’s MGP. 

• There is no apparent influence of CSG production to the Tertiary Sediment, Fort Cooper Coal Measures (FCCM) 

and Rewan aquifers in the installed monitoring network for the BGP. 

• A review of the groundwater quality data indicates that there are no notable trends for both the shallow and deep 

aquifers. 

• Production from Red Hill Central Petroleum Lease (within PL486) commenced in 2022. 

• No non-compliances were recorded for the BGP GMMP bores and therefore no remedial actions were 

undertaken. 

• With the exception of M250W (not monitored in Q4 2022 however will be monitored in Q2 2023), all monitoring 
obligations have been met, with no exceedances under the GMMP early warning system (EWS) recorded across 
the monitoring network. There were, however, a number of data loss issues identified: 

o M314W and M325W: Data loss due to hardware issues was experienced between 01 January 2022 to 01 
February 2022, 24 May 2022 to 24 June 2022 and 26 October 2022 to 31 December 2022; 

o M313W and M324W: Data loss due to hardware issues was experienced between 30 January 2022 and 
29 April 2022; and 

o AN019: Data loss due to hardware issues was experienced between 14 April 2022 and 22 August 2022. 

• One report was completed – the 2022 Bowen UWIR was submitted to the Department of Environment and 

Science (DES) and was approved with conditions on 2 August 2022. This report includes results from the 

updated 2021 Bowen groundwater model.  

• No out of cycle Underground Water Impact Report (UWIR) was submitted. As above, the 2022 Bowen UWIR was 

approved by DES on 2 August 2022. 

 



 

 

APPENDIX A:  2023 Annual Review of the Bowen UWIR 
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Figure 2: Extent of the IAA as per the 2022 UWIR 
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Figure 3: Extent of the LAA as per the 2022 UWIR 
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2.2 Bowen Gas Project 

The Arrow Energy Bowen Gas Project (BGP) was approved by the Queensland Government on 8 September 2014 and 
the Commonwealth on 27 October 2014. Arrow’s BGP involves a phased expansion of Arrow’s Bowen Basin tenures. It 
comprises an update of development plans in the same general areas (i.e. within tenements ATP742, ATP1103, and 
ATP1031) from those presented in the Supplementary Report to the Environmental Impact Statement (SREIS) with the 
addition of development in Mavis Downs (also located within ATP1103).  

The Field Development Plan (FDP) as outlined in the 2022 Bowen UWIR was as follows: 

• Red Hill Central (within PL486) to commence in 2022; 

• The remainder of the field development plan (FDP) area presented in the 2016 Bowen UWIR (ATP1103, ATP742 
and ATP1031) commencing 2030. 

Figure 2 and Figure 3 display the IAA and LAA for the MGP and BGP projects. 

 

2.2.1 ATP 1103 

ATP 1103 is a large exploration tenure located to the North, East and South of the MGP. A total of 5.3 ML of water was 
produced as part of production testing on ATP 1103 since the 2022 Bowen UWIR. This water volume is from production 
testing wells (RH098A, RH099A and RH100A) on what was ATP 1103, which has now been converted to PL486 (Red Hill 
Central). 

2.2.1.1 Predicted Impacts 

A total of 18.27 ML has been produced in total from ATP1103. This amount of water produced is below the volume 
produced from the reference pilot site. Therefore, any IAA arising from production testing wells in the 2023 annual review 
data capture period will be smaller than that associated with the reference pilot site. A 1-kilometre IAA radius consistent 
with the methodology outlined in the 2022 Bowen UWIR showed that no landholder bores are located in proximity to the 
testing. 

Based on the limited production, no change is proposed to the modelling undertaken for the 2022 Bowen UWIR. 
Therefore, the maps in Figure 2 and Figure 3 do not require updating. 

 

2.2.2 PL 486 

PL 486 which incorporates the Red Hill Central (RHC) development is located approximately 30 km north of the township 
of Moranbah, and borders the MGP area to the South. Water production from PL 486 is currently forecast to occur from 
2022 to 2026. The water production profile used in the 2022 Bowen UWIR indicated a total of 88.7 ML of water to be 
produced over that period.  

Production from PL 486 commenced in 2022 and a total of 18.4 ML has been produced in the 2023 annual review data 
capture period. As noted in Section 2.2.1, production testing commenced in ATP 1103 prior to PL486 being granted. 
Therefore, the water volumes for the production testing (from wells RH098A, RH099A and RH100A) are included in ATP 
1103 water volumes. That production testing does not form part of PL 486.  

Table 3 below shows the current water production forecast for 2022 to 2026. Based on the observed water produced since 
the 2022 Bowen UWIR and the updated forecast used for the 2023 Annual Review, 28.5 ML less water is now forecasted 
to be produced for the period to 2026. This reduction in forecasted water production is due to updated reservoir information 
(e.g. testing and water production analysis) and an improved forecast for PL 486.  
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Table 3: Forecast Water Production PL486  

Year 
2022 Bowen UWIR 

Forecast Water Production 
(ML) 

2023 Annual Review 
Forecast Water Production 

(ML) 
Difference 

2022 63.8 18.4 
45.4 ML less than current forecast 

(71.2% less) 

2023 11.8 26.1 14.3 ML more than current forecast 

2024 6 7.8 1.8 ML more than current forecast 

2025 4 4.8 0.8 ML more than current forecast 

2026 3.1 3.1 N/A 

Total 88.7 60.2 
28.5 ML less than the 2022 Bowen 

UWIR (32.1% less) 

 

2.2.2.1 Predicted Impacts 

Water production for the 2023 annual review data capture period was 18.4 ML. As a result, there is no material change2 
in the information or predictions made in the 2022 Bowen UWIR. Based on this, no change is proposed to the modelling 
undertaken for the 2022 Bowen UWIR. Therefore, the maps in Figure 2 and Figure 3 do not require updating. 

 

2.2.3 2.2.4 ATP 1031 

ATP 1031 lies approximately 100 km to the south of the MGP. A total of 0 ML of water has been produced as part of 
production testing on ATP 1031 for the annual review data capture period.  

2.2.3.1 2.2.4.1 Predicted Impacts 

No further production testing has been undertaken in any wells on ATP 1031 since the UWIR and therefore there is no 
material change in the information or predictions made in the 2022 Bowen UWIR. Based on this, no change is proposed 
to the modelling undertaken for the 2022 Bowen UWIR. Therefore, the maps in Figure 2 and Figure 3 do not require 
updating. 

  

 

2 Arrow defines a material change as only occurring if water production increases above the original forecast used in the 2022 UWIR. 
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2.2.4 ATP 742 

ATP 742 is located approximately 50 kilometres north of the MGP. A total of 0 ML of water has been produced as part of 
production testing on ATP 742 for the 2023 annual review data capture period. 

2.2.4.1 Predicted Impacts 

No further production testing has been undertaken in any wells on ATP 742 since the UWIR and therefore there is no 
material change in the information or predictions made in the 2022 Bowen UWIR. Based on this, no change is proposed 
to the modelling undertaken for the 2022 Bowen UWIR. Therefore, the maps in Figure 2 and Figure 3 do not require 
updating. 
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3 WATER MONITORING STRATEGY (WMS) 

A water monitoring strategy has been prepared. The strategy proposes the installation and monitoring of a total of 43 

groundwater monitoring bores. The installation of 16 of these groundwater monitoring bores, located on PLs 191, 196, 

223 and 224 has been completed and groundwater monitoring has been ongoing within the bores. Monitoring bores as a 

part of the larger Bowen Gas Project have been installed and additional bores a part of the project will be added as the 

project increases in area. 

3.1 MGP Area Groundwater Monitoring Network 

A total of 16 groundwater monitoring bores form the groundwater monitoring network for the MGP Area. Figure 4 provides 
an overview of the spatial distribution of the groundwater monitoring network. Groundwater monitoring is being undertaken 
in these bores in accordance with the WMS in the approved 2022 Bowen UWIR. 

As discussed in Section 4.3 and the 2022 UWIR, drawdown observed in monitoring bore M162V has resulted in water 
level dropping below the pump intake and as a result water sampling could not be undertaken. Sampling has been 
undertaken at production well (M134GMV) since 2017, which is located approx. 480 m north of M162V. The well has been 
completed to approximately the same depth as M162V and intersects the MCM seam.. 

Sampling was conducted in M134GMV up to November 2020; however the water level had dropped below the well’s pump 
intake for the November 2021 sampling round. A replacement sampling bore (GM031V) located 1.4 km south of M162V 
was selected to be used until water levels recover in M162V. 

M250W was not monitored in Q4 2022 however is scheduled to be monitored, and sampled if sufficient water is present, 
by 31 May 2023. Additionally, M324W was not sampled in Q4 2022 due to equipment issues and access due to weather 
and is scheduled to be sampled in Q2 2023.  

Data loss due to hardware issues was experienced at some of the bores including bores M314W and M325W between 01 
January 2022 to 01 February 2022, 24 May 2022 to 24 June 2022 and 26 October 2022 to 31 December 2022, bores 
M313W and M324W between 30 January 2022 and 29 April 2022 and bore AN019 between 14 April 2022 and 22 August 
2022. 
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Figure 4: Groundwater Monitoring Network for MGP
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3.2 BGP Area Groundwater Monitoring Network 

The network is comprised of 35 monitoring intervals at 22 separate locations (comprising 12 single sites and 10 nested sites 
of 23 monitoring intervals) from the approved groundwater monitoring network for the BGP area. Figure 5 provides an 
overview of the spatial distribution of the groundwater monitoring network. Table 4 below displays the monitoring 
requirements of the BGP, along with the status of each location. Note that Table 4 displays the monitoring location name as 
per the 2019 Bowen Groundwater Monitoring and Management Plan (GMMP) which was approved by the Commonwealth 
Department of the Environment and Energy on 24 October 2019. All subsequent reporting is based off this nomenclature. 

The network includes phased installation of the monitoring bores in advance of CSG development in the vicinity of the bores 
as detailed in Section 8.1.1.1 of the 2019 UWIR. At present, 9 monitoring points have been installed at seven locations as 
part of the monitoring network; MB1-S/I/D, MB2, MB3, MB12, GW004, GW007 and AEN1063 as detailed below. Bore 
locations for the remaining supplementary monitoring bores have been visited and assessed as suitable for long term 
monitoring and are awaiting execution of agreements with the landholders before logging equipment is installed. These 
bores are currently visited for manual water level monitoring every six months. 

MB1-S/I/D 

MB1 was originally installed as an appraisal (pilot) production well (originally named Red Hill-30) in January 2010. 
Groundwater level observations were made from the Moranbah Coal Measures (i.e. the deep interval) using the well from 
November 2011 to December 2011. Pumping from the well (for the pilot) was also undertaken during this time. 

Pilot operation (and monitoring) ceased between December 2011 and November 2012. 

The well was again monitored from 30 November 2012. The water level in Red Hill-30 had recovered to within 92% of its 
original baseline level prior to pumping for the pilot recommencing in December 2012. 

From December 2012, the pilot was again operated (including production from Red Hill-30). Production from Red Hill-30 
and the other pilot well in the pilot ceased in May and April 2013 respectively. Monitoring in Red Hill-30 continued until it 
was suspended in September 2013. 

In October 2019, MB1 was modified by installation of a multi-level monitoring system to enable additional monitoring from 
the intermediate and shallow intervals to take place. Groundwater level data has been collected from all three intervals in 
MB1 since 11 November 2019. Drilling information for MB1 identified sufficient Quaternary / Tertiary Sediment or Rangal 
Coal Measures were not encountered at this location, and the shallow and intermediate monitoring points are instead located 
within the Fort Cooper Coal Measures. 

MB2 

MB2 was originally installed as an appraisal (pilot) production well (originally named Red Hill-60) in January 2011. Pumping 
(intermittently) from the well for the pilot was undertaken between 2012 and 2018. Groundwater level observations were 
made from the Moranbah Coal Measures using the well from September to October 2015 (1.5 months), October 2017 to 
May 2018 (8 months). The well was converted to a permanent monitoring well using the existing downhole pressure gauge 
in February 2019 with twice daily groundwater level observations collected from February 2019 to October 2019 (7 months) 
and, following a period of data loss between October 2019 to January 2020. This data loss affected MB2 and MB3 due to 
the installed telemetry system not sending data to Arrow’s server. An investigation on why this occurred identified that the 
route cause was human error. Following this, routine manual checking of the reporting status of the telemetry system was 
implemented. Additionally, an automatic alert system was then implemented in January 2021 that alerts Arrow personnel 
when telemetry data loss is found on monitoring locations and the telemetry system can be restarted to allow continuous 
logging. 

Additional data loss due to hardware issues was observed between 14 July 2022 and 14 August 2022. 

MB3 

MB3 was originally installed as an appraisal (pilot) production well (originally named Red Hill-51) in November 2011. 
Groundwater observations were made from the Moranbah Coal Measures using the well from September 2013 to May 2014 
(9 months), October 2017 to May 2018 (7 months), and February 2019 to October 2019 (7 months, with data loss affecting 
this site until January 2020, as for MB2). Following reinstatement of the telemetry system, it was identified that the downhole 
pressure gauge failed during the period of data loss. An adjacent appraisal (pilot) production well (originally named Red Hill-
50) was then converted to a monitoring well in September 2020 to fulfil monitoring requirements for MB3. Additional data 
loss was observed from 1 January 2022 to 13 February 2022 due to skid communication issues. 
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MB12 

MB12 was installed as a mine monitoring bore (originally named EFGW5D) by Fitzroy Mining in June 2008. Groundwater 
level observations were made from the Rewan Formation through both manual water level measurements and hourly data 
logger measurements since January and July (respectively) 2018. A data logger was installed in the monitoring bore in July 
2018 which is still in operation. 

Supplementary monitoring bores 

These monitoring locations comprise existing third-party monitoring bores and landholder bores and are included in the 
monitoring network. 

GW004 and GW007 

GW001, GW004 and GW007 were installed as mine monitoring bores by BHP Mitsubishi Alliance (BMA) in 2011. Arrow 
commenced monitoring of GW001 and GW007 in November 2019. 

GW004 was chosen as a replacement for GW001 from November 2020 due to data and logger reliabilities associated with 
the vibrating wire piezometers installed in GW001 which failed in March 2020. A logger was deployed in GW004 during the 
November 2020 sampling round. 

AEN1063 

A logger was deployed in AEN1063 during the November 2020 sampling round after an access and monitoring agreement 
was completed with the landholder. The location of this bore is on the same property and same formation (Blackwater Group) 
as the monitoring point AEN1036, proposed in the GMMP. AEN1063 was chosen for monitoring after assessment of the 
bores on the property, with this bore being the most suitable for long term monitoring. 
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Table 4: BGP monitoring network 

Monitoring location 
Monitoring interval and target 

formation 
Development area 

Status/Indicative year of 
installation 

Status 

MB1 

S – Quaternary / Tertiary 

PL486 

Current 

Currently on monitoring. 
Groundwater level monitoring was required twice daily until 11/11/2020, 
which has been achieved. Going forward, a minimum of 6-monthly water 
level measurements are required for remainder of CSG production. 
Water quality sampling was required from MB1-D at biannual frequency 
for the first year, which has been achieved. Going forward annual 
monitoring is required. 

I – RCM 

D – MCM 

MB2 MCM Current 

Currently on monitoring. 
Groundwater level monitoring was required twice daily until 31/10/2020, 
which has been achieved. Going forward, a minimum of 6-monthly water 
level measurements are required for remainder of CSG production. 
Online date is 16 February 2019 however data was lost between 30 
October 2019 and 9 January 2020. 

MB3 MCM Current 

Currently on monitoring. 
Groundwater level monitoring was required twice daily until 31/10/2020, 
which has been achieved. Going forward, a minimum of 6-monthly water 
level measurements are required for remainder of CSG production. 
Online date is 16 February 2019 however data was lost between 30 
October 2019 and 9 January 2020, and 1 January 2022 to 13 February 
2022. 

MB4 Unconfined alluvium Contingent 

Not currently required as criteria not yet triggered. 
Requirement for installation is based on (modelled) increased risk of 
depressurisation resulting from changes in the FDP, or MB1 groundwater 
level monitoring data indicate interconnectivity of MCM with overlying 
units. 

MB5 Tertiary / Triassic ATP1103 2020 Not currently required due to no development within 10km. 

MB6 Quaternary / Tertiary ATP742 Contingent 

Not currently required as criteria not yet triggered. 
Requirement for installation is based on (modelled) increased risk of 
depressurisation resulting from changes in the FDP, or monitoring of 
other sites in the northern development area indicate the potential or 
likelihood of preferential groundwater flow occurring across formations by 
way of geological faults 

MB7 
S – Tertiary 

ATP742 2029 
Not currently required due to no development within 10km. 

D – RCM 

MB8 Quaternary / Tertiary ATP742 2030 Not currently required due to no development within 10km. 

MB9 

S – Quaternary / Tertiary 

ATP1103 2029 

Not currently required due to no development within 10km. 

I – RCM 

D – MCM / FCCM 

MB10 Tertiary  ATP1103 2030 
Requires installation immediately prior to commencement of pumping 
from Wards Well pilot wells. 

MB11 

S – Quaternary / Tertiary or Rewan 
Formation ATP1103 2029 

Not currently required due to no development within 10km. 

D – RCM 

MB12 Quaternary / Tertiary ATP1103 Current 

Existing Fitzroy Mining monitoring bore (EFGW5D) being utilised to 
obtain groundwater level monitoring data in place of MB12. EFGW5D is 
located approximately 345m from the proposed location for MB12. 
Monitoring commenced in July 2018. 
Groundwater level monitoring will include 6-monthly water level 
measurements for remainder of CSG production. 

MB13 

S – Quaternary / Tertiary (if present) ATP1103 

Contingent - 2028 

MB13S not currently required due to no development within 10km. 
Requirement for installation of MB13D is based on monitoring of MB13-S 
and/or other monitoring points in the southern development area 
indicates the potential or likelihood of preferential groundwater flow 
occurring across formations by way of geological faults, or ongoing 
modelling or revised development indicates a greater risk of 
depressurisation impact at this location. 

D – Blackwater Group (RCM / 
FCCM / MCM) 

ATP1103 

MB14 

S – Quaternary / Tertiary ATP1103 

2029 

Not currently required due to no development within 10km. 

I – RCM ATP1103 

D – MCM / RCCM ATP1103 

MB15 
S – Unconfined alluvium ATP1103 

2029 
Not currently required due to no development within 10km. 

I – Tertiary / Triassic ATP1103 

MB16 Tertiary ATP1103 2029 Not currently required due to no development within 10km. 

MB17 

S – Unconfined alluvium 
ATP 1103 (in proximity to Lake 

Elphinstone) 
Contingent 

Not currently required as criteria not yet triggered. 
Requirement for installation is based on if revised modelling indicates a 
risk of depressurisation impacts to Lake Elphinstone, or if impacts are 
detected at MB11-S. 

I – Rewan Formation 

Supplementary monitoring bores   

AEN1214 Rangal Coal Measures ATP742 Current 

Manual measurements recorded every 6-months. Awaiting access and 
monitoring agreement for deployment of logger. No readings were 
recorded for Q2 2022 due to the landholder denying access to the 
property. 

AEN1063 Blackwater Group ATP1031 Current 
On monitoring as of November 2020. 
Suitable replacement for proposed AEN1036 as on same property and 
drilled to the same formation. 

AEN1234 Quaternary alluvium ATP1234 Current 
Manual measurements recorded every 6-months. Awaiting access and 
monitoring agreement for deployment of logger. 

GW004 
Alluvium 

ATP1103 Current 
On monitoring as of November 2020. 
Replaced GW001 due to logger failure. Fort Cooper Coal Measures 

GW007 
Alluvium 

PL486 Current 
On monitoring as of November 2020. 
 Fort Cooper Coal Measures 
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Figure 5: Groundwater Monitoring Network for BGP  




