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Maules Creek Continuation Project - Independent Third -Party Review 

Prepared for 
Maules Creek Community Council 

1. Introduction  

This report provides a third-party peer review of the groundwater impact assessment (GIA) and associated modelling for 
the Maules Creek Continuation Project (the Project). The Maules Creek Coal Mine (MCCM) is an approved open cut 
mine located in the Gunnedah Basin, approximately 17 kilometres (km) north-east of Boggabri, within the Narrabri Shire 
Local Government Area (LGA) in New South Wales (NSW). 

The MCCM is an existing open cut coal mine in the Gunnedah Basin and has been operating since 2014. The mine is located 
adjacent to the Boggabri Coal Mine and the Tarrawonga Coal Mine. Mining at the MCCM is approved until December 
2034 at a rate of up to 13 million tonnes per annum (Mtpa). MCCM proposes to extend the approved open cut mining 
operation and requires additional approvals to do so. Hence the Project requires an environmental impact statement (EIS) 
to be prepared. 

The GIA has been prepared by Australasian Groundwater and Environmental Consultants Pty Ltd (AGE) for Whitehaven 
Coal Pty Ltd. The GIA considered the potential impacts of expanding the open cut pit and the associated changes to the 
groundwater system post-closure. 

The elements of the project that are relevant to the GIA are: 

�ƒ continuation of open cut operations within Coal Lease (CL) 375, Mining Lease 1719 and Authorisation 346 to 
allow mining and processing of additional coal reserves until December 2044;  

�ƒ extraction of 117 million tonnes of run-of-mine (ROM) coal (in addition to the approved MCCM coal resource);  

�ƒ extraction of up to 14 Mtpa of ROM coal (i.e., a 1 Mtpa increase from the currently approved maximum ROM 
coal mining rate of 13 Mtpa). 

It is understood that the Maules Creek Community Council are concerned about how the current approved mining and 
the proposed continuation of mining at Maules Creek Coal Mine (and the cumulative impact of mining) has and will affect 
groundwater resources and the environment in the region.  

This report provides an independent third-party review of the Maules Creek Continuation Project GIA and associated 
numerical modelling. The scope also includes a review of the existing Maules Creek Groundwater Management Plan 
(GMP) including an assessment of suitability of the monitoring locations and program, current triggers and actions.  
The GMP is currently included with the Maules Creek Water Management Plan (WMP). 

This independent third-party peer review has been conducted by Daniel Barclay, Director and Principal Hydrogeologist 
and Andrew Macdonald, Principal Hydrogeologist at hydrogeologist.com.au.  

Daniel holds a BSc (Hons) in Applied Science and is a Member of the International Association of Hydrogeologists (MIAH). 
He has more than 26 years professional experience undertaking groundwater assessments in the Australian resources 
sector. Daniel is an appropriately qualified person having the necessary experience and qualifications for the purposes of 
undertaking the independent third-party peer review. A CV for Daniel Barclay is provided in Attachment A of this report. 

Andrew is a Hydrogeologist with 19 years�· experience in a wide range of groundwater projects in Australia. He specialises 
in the evaluation and management of groundwater resources across a number of industry sectors including mining, energy, 
and construction. He has additional expertise in mining hydrogeology, project management, conceptualisation and desktop 
assessments, risk and impact assessments, aquifer testing and characterisation, groundwater monitoring network design 
and analytical analysis. A CV for Andrew Macdonald is provided in Attachment A of this report. 
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2. Documentation 

The independent third-party peer review is based on the following reports: 

�ƒ Maules Creek Continuation Project Groundwater Impact Assessment (AGE, 2025). 23 May 2025. 

�ƒ Maules Creek Coal Mine Water Management Plan. Whitehaven Coal. 24 March 2025. 

�ƒ Maules Creek Coal Project Groundwater Impact Assessment (AGE, 2011). Project Number G1508. June 2011. 

�ƒ Boggabri, Tarrawonga, Maules Creek Complex Groundwater Model Update (AGE, 2021). Project Number 
G1850P. December 2021. 

�ƒ Pacific Coal 1982. Geological report on relinquished portion of E.P. No.4. Pacific Coaly Pty Limited. February 
1982. 

The Maules Creek Continuation Project Groundwater Impact Assessment (AGE, 2025) includes the following major 
sections:  

�ƒ Section 1 �² Introduction. 

�ƒ Section 2 �² Objectives and scope of work. 

�ƒ Section 3 �² Regulatory framework. 

�ƒ Section 4 �² Project setting, including location, topography and drainage, climate, land use, surrounding mining 
operations, surface water, flow gauging, water quality objectives. 

�ƒ Section 5 �² Geology describing regional setting and stratigraphy, local geology, faults and dykes. 

�ƒ Section 6 �² Groundwater monitoring networks. 

�ƒ Section 7 �² Hydrogeology and groundwater regime including hydrostratigraphic units, hydraulic parameters, 
geological structures, recharge, water levels and flow directions, alluvial connectivity to coal measures, surface 
water connectivity to groundwater, discharge, groundwater quality, groundwater dependent ecosystems, 
groundwater users and conceptual model. 

�ƒ Section 8 �² Numerical model. 

�ƒ Section 9 �² Impact assessment. 

�ƒ Section 10 �² Mitigation, management and monitoring. 

�ƒ Section 11 �² References. 

The AGE (2025) report appendices include: 

�ƒ Appendix A - Water access licences and bore licences.  

�ƒ Appendix B - Monitoring network construction details.  

�ƒ Appendix C - Monitoring network installation report.  

�ƒ Appendix D - Water supply bore census records.  

�ƒ Appendix E - Back Creek ecohydrological data review.  

�ƒ Appendix F - Groundwater modelling technical report.  

�ƒ Appendix G - Peer review.  

�ƒ Appendix H - Aquifer Interference Assessment Framework Form. 
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3. Methodology 

The purpose of this independent third-party review is to determine whether: 

�ƒ the groundwater model and impact assessment developed by AGE is based on an appropriate conceptualisation of 
the groundwater regime, that it is hydrogeologically sound and fit-for-purpose for assessing groundwater impacts 
in the region, and provides suitable conclusions and recommendations; and 

�ƒ the GMP developed by Whitehaven Coal is a suitable document to manage and mitigate the current approved 
groundwater impacts and proposed impact from the Maules Creek Continuation Project. 

There are no standard procedures for undertaking independent third-party reviews for groundwater impact assessments.  
The Australian Groundwater Modelling Guidelines (AGMG) were developed by Barnett et al. (2012), and for some time 
have been considered the most appropriate document to use for the assessment of suitability of conceptual groundwater 
models and numerical groundwater models. The AGMG provide a series of review checklists for a peer reviewer and these 
checklists have been used to inform the suitability of the conceptual and numerical models. The review checklists include 
a compliance checklist (see Table 9-1 of the AGMG), and a detailed review checklist (see Table 9-2 of the AGMG).  
The detailed review checklist is broken up into eight categories as follows: 

�ƒ Planning;  

�ƒ Conceptualisation;  

�ƒ Design and construction;  

�ƒ Calibration and sensitivity;  

�ƒ Prediction;  

�ƒ Uncertainty;  

�ƒ Solute transport ; and  

�ƒ Surface water-groundwater interaction. 

The AGMG also provides a confidence level classification system for key criteria and indicators such as data, calibration 
and predictions. The model confidence level classification describes three classifications (one to three), with Class 1 relating 
to a simple model and Class 3 referring to a more complex model. The classification levels relate to the project and model 
objectives and the intended use of the groundwater model. 

The Independent Expert Scientific Committee (IESC) released the Information Guidelines Explanatory Note: Uncertainty 
analysis for groundwater modelling in 2023. Within this Explanatory Note, the IESC (20231) regards the confidence level 
classification outlined in the AGMG as redundant, recommending that the confidence level classification not be used during 
the review process. The �(�[�S�O�D�Q�D�W�R�U�\�� �1�R�W�H�� �D�O�V�R�� �V�W�D�W�H�V�� �W�K�D�W�� �´�D fit-for-purpose assessment of a groundwater model and 
�X�Q�F�H�U�W�D�L�Q�W�\�� �D�Q�D�O�\�V�L�V�� �Z�L�O�O�� �E�H�� �K�L�J�K�O�\�� �F�R�Q�W�H�[�W�� �V�S�H�F�L�I�L�F�� �D�Q�G�� �G�L�I�I�L�F�X�O�W�� �W�R�� �F�D�S�W�X�U�H�� �L�Q�� �I�R�U�P�D�O�L�V�H�G�� �F�K�H�F�N�O�L�V�W�V�� �R�U�� �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�V�µ���� 
The Explanatory Note (IESC, 2023) is not a formal guideline, and the intended use of the Explanatory Note is to 
complement the AGMG.  

In the absence of an alternative, and for the purposes of this independent third party review, the AGMG detailed review 
checklist has been used and is detailed in Section 4. 

After the review of the GIA, the existing WMP was reviewed to ensure the monitoring locations and program, current 
triggers and actions are appropriate to monitor key risk areas and receptors identified as part of the GIA. 
 

 

1 Peeters LJM and Middlemis H (2023) Information Guidelines Explanatory Note: Uncertainty analysis for groundwater modelling.  
A report prepared for the Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining Development through the Department 
of Climate Change, Energy, the Environment and Water, Commonwealth of Australia 2023. 
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4. Checklist 

Table 4-1 summarises the outcome of the model review checklist (after Barnett et al., 2012). There are a number of items 
in the model review checklist that are not relevant, and these have been described as not applicable (N/A). Comments and 
discussion on the report, data and numerical model are provided in Section 5.  
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Table 4-1 Model review checklist (after Barnett et al., 2012) 

Review questions Yes/No Comment 

1. Planning 

1.1 Are the project objectives stated?  Y 
Section 2 defined the objective of the GIA was to assess the types of impacts, the likelihood of impacts, and the magnitude 
of risk to the groundwater-related quantities of interest posed by the Project to support the regulatory decision-making 
process. 

1.2 Are the model objectives stated?  Y Appendix F F4 including four specific objectives. 

1.3 Is it clear how the model will contribute to meeting the project objectives?  Y Appendix F F4 including four specific rationales. 

1.4 Is a groundwater model the best option to address the project and model 
objectives?  

Y Best option given complexity of the setting and the history of BTM groundwater models since 2010. 

1.5 Is the target model confidence-level classification stated and justified?  N Not listed. 

1.6 Are the planned limitations and exclusions of the model stated?  Y The limitations and assumptions are described in Appendix F F5. 

2. Conceptualisation 

2.1 Has a literature review been completed, including examination of prior 
investigation 

Y 

No specific literature review section has been documented in the EIS Groundwater Impact Assessment. It is understood 
numerous BTM groundwater models have been completed since 2010 by AGE. Section 7.2 Hydraulic Parameter lists 
collated information sourced from the previous BTM Complex model updates.  
Appendix F lists the history of BTM groundwater models since 2010.  

2.2 Is the aquifer system adequately described?  Y The aquifer system is adequately described.  

2.2.1 hydrostratigraphy including aquifer type (porous, fractured rock)  Y Section 7 describes the local stratigraphy and hydro stratigraphic units. Text adequately describes the cover sequence 
and basement rocks. 

2.2.2 lateral extent, boundaries and significant internal features such as faults and 
regional folds  Y Section 7.1 text describes the local stratigraphy can be broadly classified into four distinct hydrostratigraphic units in the 

table below. Section 7.2.4 text describes the geological structures are discussed and listed below. 
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Review questions Yes/No Comment 

 

2.2.3 aquifer geometry including layer elevations and thicknesses  Y 

Details on the composition, extent and thickness of these hydrostratigraphic units are discussed in Section 5. 
No specific structure contours or isopach maps in the report. 
Aquifer geometry is shown in Figure 5.8. 
AGE (2025) Section 5.2.4 Permian Maules Creek Formation states Seams below the Braymont seam onlap onto the Boggabri 
volcanics immediately to the north and west of MCCM, while the Braymont seam and those above (Herndale, Onavale, Teston and 
Thornfield) potentially subcrop beneath the Maules Creek alluvium. 
AGE (2025) Section 7.9.1 Regional and local conceptual model states The treatment and the implementation of the lateral 
connectivity between Maules Creek alluvium and subcropping coal seams, and the role of the weathered regolith as the primary pathway 
for lateral groundwater flow from the alluvium is further explained in Appendix F. 
AGE (2025) Appendix F5.2 Limitations states The Narrabri alluvium is laterally connected to Permian weathered regolith, while 
the Gunnedah alluvium is laterally disconnected, limiting flow to the vertical direction through sub-cropped coal seams. This aligns 
with the current conceptual model of the system, which assumes that weathered regolith is the primary pathway for lateral groundwater 
flow from the alluvium. 
There is minimal information, data or description provided to support the concept that the Gunnedah alluvium is laterally 
disconnected, thus limiting flow to the vertical direction through sub-cropped coal seams. Further discussion on this is 
provided in Section 5.1 of this report. 
AGE (2025) Section 5.26 states the Boggabri volcanics outcrop to the west of the MCCM, and the eastern flank of the volcanics dips 
steeply to the east with coal seams stratigraphically lower than the Jeralong seam onlapping onto the volcanics (Figure 5.8) in the 
vicinity of the MCCM.  
Further to the above, Figure 5.10 provides the structure contours for the top of the Boggabri volcanics. It is unknown 
the source dataset for this layer. Further discussion on this is provided in Section 5.1 of this report. 
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2.2.4 confined or unconfined flow and the variation of these conditions in space 
and time?  Y Section 7.4 Water levels, hydraulic gradients and flow direction text describes the flow conditions in each HSU.  

2.3 Have data on groundwater stresses been collected and analysed  Y Section 7.5 Discharge describes groundwater stresses including pumping via stock, domestic and irrigation bores and 
interception of groundwater in mining areas.  

2.3.1 recharge from rainfall, irrigation, floods, lakes  Y 

Section 7.3 text discusses use of several methods to estimate rainfall recharge, including a soil moisture balance, chloride 
mass balance (CMB), and water table fluctuation. 
Section 7.4.6 Surface water connectivity to groundwater states Plots indicate that Maules Creek only gains from groundwater 
during groundwater level peaks, which are generally short-term (creek bed elevations sourced from the 5 m NSW Government DEM). 
Most of the time, data shows that surface water is lost to underlying sediments. 
Section 7.4.7 provides text on the relationship between change in water levels, mining and climate. 
Section 7.8.1 Groundwater-dependent ecosystems states Conceptually, there are limited, ephemeral surface water features in 
the local area that have the potential to be groundwater-gaining. Observations and recent studies by Crosbie et al. (2023) indicate that 
most surface water features recharge the underlying groundwater systems during flow periods. 
There is a demonstration of connection between surface waters and groundwaters. 

2.3.2 river or lake stage heights  Y Description of surface water features is provided in Section 4.2 Topography and drainage and Section 4.6 Surface Water. 

2.3.3 groundwater usage (pumping, returns etc)  Y 

Section 7.5 Discharge discusses pumping via stock, domestic and irrigation bores. 
Local bore census is available and search of registered bores in public database.  
A field hydrocensus in a 15 km radius of the BTM complex was conducted between 2023 and 2025 to identify 
groundwater users within the predicted zone of influence of the mine. 

2.3.4 evapotranspiration  Y Section 7.5 Discharge discusses evapotranspiration via deep-rooted riparian vegetation stands. 

2.3.5 other? N  

2.4 Have groundwater level observations been collected and analysed? Y Section 7.4 Water levels, hydraulic gradients and flow directions. Groundwater level data is available from 2006 
providing 19 years of representative data.  

2.4.1 selection of representative bore hydrographs  Y Section 7.4 describes water levels, hydraulic gradients and flow directions. Numerous hydrographs are presented and 
discussed for each HSU and in relation to different processes. 
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2.4.2 comparison of hydrographs  Y Hydrographs are stacked and compared based on spatial layout and for representative cover sequence horizons. 

2.4.3 effect of stresses on hydrographs  Y 

Section 7.4 describes water levels, hydraulic gradients and flow directions and provides detail on influence of mining and 
site infrastructure on groundwater level behaviour.  
Section 7.4.3 states Open cut mining at the MCCM is causing groundwater within the surrounding Permian bedrock to enter the open 
cut pit, leading to depressurisation of groundwater within the surrounding Permian bedrock strata. 
Section 7.4.5 states Multi-level monitoring that extends through both the alluvium and the coal measures is limited to two sites 
within the vicinity of the Project. These are:  
Thornfield Crossing �² monitored by REG02 and GW041027, located upstream along the south bank of Maules Creek, 
possibly within fault zone material. 
Green Gully �² monitored by REG01 and GW967138, located north-northeast of the MCCM, along the north bank of 
Maules Creek. 
There are no multi-level monitoring bores available in the Maules Creek alluvium and the sub cropping coal seams to 
support the conceptualisation.  

2.4.4 watertable maps/piezometric surfaces?  Y 

See Figures 7.8 Quaternary alluvium water table and 7.18 Boggabri volcanics water table. Figures 9.6 and 9.7 show 
depth to water table maps. 
The extents are different for the Figures 7.8 Quaternary alluvium water table and 7.18 Boggabri volcanics water table.  
The Boggabri volcanics water table figure extends to Back Creek yet does not extend north to cover the Maules Creek 
area. The Boggabri Volcanics are shown to subcrop in this area on Figure 5.8. 

2.4.5 If relevant, are density and barometric effects taken into account in the 
interpretation of groundwater head and flow data? 

Y 
Section F5.1 Assumptions states Groundwater in the model domain is represented as a single-phase fluid with constant density in a 
continuous porous medium. 
Barometric effects are not specified for groundwater head and flow data. 

2.5 Have flow observations been collected and analysed? Y 
Appendix F F8.7 Mine inflow states Accounting for all groundwater taken directly or indirectly from groundwater systems. 
Figure F 72 to Figure F 74 show the estimated annual volume of groundwater directly intercepted by mining at the BTM 
Complex within each mining area.  

2.5.1 baseflow in rivers Y 

Section 7.4.6 Surface water connectivity to groundwater states Plots indicate that Maules Creek only gains from groundwater 
during groundwater level peaks, which are generally short-term. 
Section 7.5 Discharge states discharge as baseflow to Namoi River and in some areas of ephemeral creeks (e.g. lower reaches near 
Namoi River).  
The report does not discuss in Section 7.5 baseflow at Maules Creek or Back Creek. But does acknowledge this in Section 
7.9.2 as a potential risk. The baseflow from these systems is excluded from the Section 7.6 Water balance. 
Section 7.9.2 Eco-hydrological conceptual model lists the potential risks the Project poses to environmental receptors 
within the Maules Creek alluvial aquifer. These risks were identified in the report as reduced baseflow at Maules Creek, Back 
Creek and Namoi River.  
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Section 8 Numerical model. The model has 34 layers and comprises up to 18,920 cells per layer, making it spatially a large and 
complex model. Systems stresses represented by the model includes flow of groundwater to ephemeral creeks as baseflow where the water 
table intersects the creek bed, including Maules Creek. 
Section 9.3.3 Elfin Crossing. During La Niña events, and for relatively short periods, the water table can rise above the creek bed 
and contribute baseflow to Maules Creek.  
The conceptualisation and modelling demonstrate a connection between surface waters and groundwaters. 

2.5.2 discharge in springs Y Section 7.8.1 Groundwater-dependent ecosystems states There are 21 groundwater springs identified within the Namoi sub-
catchment. The closest spring to the MCCM is approximately 20 km east of the Namoi River and is in a different hydrogeological area. 

2.5.3 location of diffuse discharge areas? N Diffuse discharge is not discussed. Diffuse recharge is discussed from rainfall events, losing conditions from creeks and 
river reaches, and groundwater connectivity through the eastern thrust fault system. 

2.6 Is the measurement error or data uncertainty reported? Y 

Appendix F F7.3 Calibration targets states The measurement error for the VWPs is considered potentially higher than that for the 
monitoring bores and possibly in the range of ±5 m to 10 m. Despite the potential for larger measurement errors in the VWP data, 
when used with caution, it remains a useful additional dataset for understanding the groundwater regime and guiding the calibration 
of the numerical model, provided that the observed pressure changes are considered conceptually sound. Absolute hydraulic heads were 
weighted less than temporal differences to focus on matching depressurisation trends. Weights were balanced so that the absolute 
hydraulic heads contributed approximately a third of the starting total objective function during calibration compared with two-thirds 
for the temporal differences. 
This measurement error maybe considered significant and is likely to affect the conceptualisation of the system (e.g. if 
the Permian strata has an upward /downward gradient when compared to shallow aquifers. 
Appendix F F7.3.1 Water level history matching states The structural error incurred from the explicit representation of the coal 
seam and interburden units may be very large. The model assumes that coal seams exist where point data is available to inform them. 
Seams are also assumed not to exist if their thickness is less than 0.5 m. Interpolation between points and extrapolation outside the 
convex hull of those points governs the continuity and thickness of the coal seam layers. The density of drill logs used to inform coal 
seam elevation and thickness is greatest near the mines but reduces significantly further from them. Consequently, there is an increasing 
potential for error in the elevations and thickness of coal seams with distance from the mines.  
This structural error maybe considered significant and is likely to affect the conceptualisation of the system and how this 
is represented in the numerical model 

2.6.1 measurement error for directly measured quantities (e.g. piezometric 
level, concentration, flows) 

Y 

Data quality control or assurance steps are not discussed.  
Section 7.4.2 states Hydrographs within the weathered zone in the Boggabri volcanics and Maules Creek Formation show a muted 
response to rainfall recharge and no obvious depressurisation associated with mining. WOL2 has indicated a significant decrease over 
time; however, a review of available data suggests this is a measurement error. 

2.6.2 spatial variability/heterogeneity of parameters Y Spatial variability and heterogeneity have been addressed through pilot points and uncertainty. 

2.6.3 interpolation algorithm(s) and uncertainty of gridded data? Y The estimated values for pilot points were interpolated across the model domain in each layer using ordinary kriging 
through PLPROC (Watermark Numerical Computing, 2023). 

2.7 Have consistent data units and geometric datum been used? Y All units are consistent. 
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2.8 Is there a clear description of the conceptual model? Y The conceptual model is described in Section 7.9. However there are potential discrepancies or alternatives to what is 
presented. 

2.8.1 Is there a graphical representation of the conceptual model? Y 

The conceptual model is provided in Figures 7.46 to 7.50. However, there are data or information gaps which raise the 
possibility of alternative conceptualisations. This is evident in: 
Figure 7.47 Hydrogeological conceptualisation E-E�· Displays uncertainty in weathered regolith thicknesses south of 
REG16 and does not clearly define the connection between the alluvium and subcropping coal seams. The alluvium 
appears to exceed 50 m in thickness, and there is no distinction or separation shown between the Narrabri Formation 
and the Gunnedah Formation. This conceptualisation is inconsistent with other figures and text in Section 7. 

 
Figure 7.48 Hydrogeological conceptualisation D-�'�·��Does not include any groundwater bores within the conceptual 
model. This limits the ability to validate interpreted water levels and lithological boundaries. The volcanic water level 
appears disconnected from the weathered zone towards the alluvium but remains continuous towards the MCCM Pit. 
As with Section E�²�(�·�����W�K�H���D�O�O�X�Y�L�X�P���H�[�F�H�H�G�V�������×m in thickness, and no separation is depicted between the Narrabri and 
Gunnedah Formations. The alluvial water table is shown as hydraulically disconnected from the Permian strata by the 
weathered zone. This conceptualisation is inconsistent with other figures and text in Section 7. 



 

 

4184_Maules Creek Third Party Review Report_v1.docx 
Maules Creek Community Council / Maules Creek Continuation Project - Independent Third-Party Review Page | 11 

Review questions Yes/No Comment 

 
Figure 7.49 Hydrogeological conceptualisation B-B�· Shows limited groundwater bores penetrating the full thickness of 
the alluvium. This reduces confidence in interpreted stratigraphy and connectivity. The data source for the Boggabri 
Volcanics is unknown and is represented as steeply dipping with subcropping coal seams. The regolith layer thins near 
REG16, with water levels in the alluvium and Braymont seam at near equilibrium, potentially indicating the location of 
a hydraulic connection between the alluvium and the underlying fresh Permian strata. This conceptualisation is 
inconsistent with other figures and text in Section 7. 

 

2.8.2 Is the conceptual model based on all available, relevant data? Y The main hydrostratigraphic units and conceptual model elements have been presented. Further data and better 
presentation would improve the conceptual model. 

2.9 Is the conceptual model consistent with the model objectives and target 
model confidence level classification? Y The conceptual model could be further refined to be consistent with the model objectives. Confidence level classification 

is not considered relevant. 
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2.9.1 Are the relevant processes identified? Y 

Relevant processes are identified locally. 
Section 7.9.1 Hydrogeological conceptual cross-sections states The treatment and the implementation of the lateral connectivity 
between Maules Creek alluvium and subcropping coal seams, and the role of the weathered regolith as the primary pathway for lateral 
groundwater flow from the alluvium is further explained in Appendix F.  
This statement is not correct, and the description cannot be found or explained in Appendix F.  
Appendix F states The BTM Complex model incorporates two layers to represent the full thickness of the alluvium, with Layer 1 being 
the Narrabri alluvium, and Layer 2 being the Gunnedah alluvium. The Narrabri alluvium is laterally connected to Permian weathered 
regolith, while the Gunnedah Alluvium is laterally disconnected, limiting flow to the vertical direction through sub-cropped coal seams. 
This aligns with the current conceptual model of the system, which assumes that weathered regolith is the primary pathway for lateral 
groundwater flow from the alluvium. 
There is a lack of information or description around the weathered regolith being the primary pathway for lateral 
groundwater flow from the alluvium. No data or information is presented to support the Narrabri Formation being 
laterally connected to Permian weathered regolith, while the Gunnedah Formation is laterally disconnected, limiting 
flow to the vertical direction through sub-cropped coal seams.  
Data or information is required to update the conceptual model and details in Table 7.1 (Hydrostratigraphic units 
Regolith/ Weathered zone) as there is limited information on hydraulic parameters and water quality.  

2.9.2 Is justification provided for omission or simplification of processes? Y 

There is a lack of information or description around weathered regolith being the primary pathway for lateral 
groundwater flow from the alluvium.  
There is a lack of information or description around the alluvium being laterally disconnected, limiting flow to the vertical 
direction through sub-cropped coal seams. 

2.10 Have alternative conceptual models been investigated? N Conceptual model has been developed incrementally over decades but has been changed with the latest version of the 
BTM numerical model. See Section 5 of this report for further discussion on this issue. 

3.Design and construction 

3.1 Is the design consistent with the conceptual model?  Y 

The key processes identified in the conceptual model are represented in the numerical model. There are inconsistencies 
that are listed below: 
The hydrogeological conceptualisation describes Potential connections between MCCM and the alluvial groundwater system exist 
north of MCCM where coal seams sub crop beneath the Maules Creek alluvium. Data evidence suggests that this connection is mainly 
driven by downward hydraulic gradients from the alluvium to the coal seams. Thus, long-term depressurisation of targeted coal seams 
may eventually propagate along seams and induce enhanced downward vertical gradients, potentially triggering decreases in water 
levels across Maules Creek alluvium. 
The information above conflicts with the numerical model Appendix F which states The BTM Complex model incorporates 
two layers to represent the full thickness of the alluvium, with Layer 1 being the Narrabri alluvium, and Layer 2 being the Gunnedah 
alluvium. The Narrabri alluvium is laterally connected to Permian weathered regolith, while the Gunnedah Alluvium is laterally 
disconnected, limiting flow to the vertical direction through sub-cropped coal seams. This aligns with the current conceptual model of 
the system, which assumes that weathered regolith is the primary pathway for lateral groundwater flow from the alluvium. 
There is a lack of information or description for the conceptual model regarding the above processes. 
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The BTM Complex model also incorporates two layers to represent the full thickness of the alluvium, with Layer 1 being 
the Narrabri alluvium, and Layer 2 being the Gunnedah alluvium. There is minimal information provided to support the 
Narrabri Formation is laterally connected to Permian weathered regolith, while the Gunnedah Formation is laterally 
disconnected, limiting flow to the vertical direction through sub-cropped coal seams. There is minimal information 
describing the connection between the Narrabri Formation and the Gunnedah Formation. 

3.2 Is the choice of numerical method and software appropriate?  Y 

The 3D groundwater flow model was developed using MODFLOW-USG. 
PEST parameter estimation software (Doherty, 2024) was used to automate the process of adjusting hydraulic properties 
and recharge rates to replicate the water level observations available from the BTM Complex groundwater monitoring 
network as closely as possible. 

3.2.1 Are the numerical and discretisation methods appropriate?  Y 

Voronoi mesh used for spatial representation.  
Temporal periods are appropriate  
An initial steady-state calibration guided the model calibration to obtain pre-mining conditions (prior to 2006).  
This was followed by a transient simulation for calibration, where groundwater levels and flows were matched to 
available measurements. Stress periods remained consistent with AGE (2022), i.e., quarterly stress periods, with the 
updated transient model comprising 75 quarterly stress periods from January 2006 to June 2024. 

3.2.2 Is the software reputable? Y Industry standard and commonly accepted.  

3.2.3 Is the software included in the archive or are references to the software 
provided?  

N (software 
not provided) 

/Y 
(references) 

Software is not provided but is freely available, however AlgoMesh is only available commercially. References are 
provided for the software. 

3.3 Are the spatial domain and discretisation appropriate? Y The model grid consisted of two types of cells: rectangular cells aligned with the primary direction of mining for each of 
the BTM mines and voronoi polygons for the remainder of the model area. 

3.3.1 1D/2D/3D  Y 3D  
3.3.2 lateral extent  Y The model domain is approximately 30 kilometres (km) wide and 40 km long. 

3.3.3 layer geometry?  Y The model represents the key hydrostratigraphic units identified in the conceptual model with 34 separate layers 
representing the alluvium, weathered rock, coal seams, interburden and volcanics basement. 

3.3.4 Is the horizontal discretisation appropriate for the objectives, problem 
setting, conceptual model and target confidence level classification?  Y 

The following cell dimensions were adopted:  
mining areas �² 100 m x 50 m cells;  
adjacent to major creeks and rivers �² 200 m x 200 m voronoi cells;  
buffer zone around mining area (contains most monitoring bores) �² 100 m diameter voronoi cells;  
adjacent to active extraction bores �² approximately 175 m diameter voronoi cells;  
adjacent to inferred Conomos Fault �² approximately 450 m x 350 m voronoi cells; and  
away from areas of interest �² approximately 650 m maximum diameter voronoi. 

3.3.5 Is the vertical discretisation appropriate? Are aquitards divided in multiple 
layers to model time lags of propagation of responses in the vertical direction?  Y 34 layers.  

3.4 Are the temporal domain and discretisation appropriate?  Y See below comments. 
3.4.1 steady state or transient  Y Both steady state and transient simulations. 
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3.4.2 stress periods  Y 
Stress periods are appropriate.  
Stress periods remained consistent with AGE (2022), i.e., quarterly stress periods, with the updated transient model 
comprising 75 quarterly stress periods from January 2006 to June 2024. 

3.4.3 time steps?  N Not reported.  

3.5 Are the boundary conditions plausible and sufficiently unrestrictive?  Y 

Boundary condition changes have been completed in the 2024 model update compared to the AGE 2022 BTM Complex 
Model. 
Section F6.2.1 Perimeter Model Boundaries states boundary conditions were aligned with the conceptual hydrogeological model 
of the area, with groundwater flow in and out of the model largely occurring through the alluvium. Flow through the Namoi River 
alluvium was largely represented by General Head Boundaries (GHB) along the southern and western sides of the model, where alluvial 
groundwater enters and exits the model (layers 1 and 2).  
The limitations describe the Analytical Method Used �² Edelman Solution. Based on lateral flow from the alluvium mostly happens 
through the weathered regolith. To estimate this flow, they used the Edelman Solution, a method that calculates water movement using 
a 1-metre drop in water level over 250 metres (a 0.004 slope). 
There is a known issue with the model identified in Section 6.2.1 Perimeter model boundaries The pinching of coal measures 
layers in the unstructured grid laterally disconnects the Permian sequence layers from other model layers, albeit only in the horizontal 
direction. Vertical connections remain unaffected. 
The lateral disconnection described is a feature of the model, not necessarily a confirmed real-world condition. The 
"pinching" in the unstructured grid represents how the model simplifies the geological structure. It causes horizontal 
(lateral) disconnection between the Permian sequence and other layers within the model. In reality, whether the coal 
measures are truly laterally disconnected from surrounding units would depend on actual geological continuity, which 
may be partially connected or hydraulically isolated.  
Further information or data is needed to support the assumption that lateral flow from the alluvium is limited by the 
regolith thickness and disconnection between the Permian sequence and other layers. 
The Conomos fault likely acts as a groundwater flow barrier; however, the 2024 numerical model has been updated to 
assess the potential for flow conduits. It was assumed to have no impact on layer 1 of the model, representing the alluvium 
and weathered regolith. In the 2024 model update, however, the Conomos fault has been parameterised in a manner 
that allowed for assessing its potential for conduit behaviour as well. 
The Hunter-Mooki Thrust Fault System represents the boundary between the edge of the Maules Creek sub-basin and 
the non-coal New England Fold Belt fractured rock. It is represented as a vertical no-flow barrier along the eastern edge 
of the model, spanning layers 3 to 34.  
There is the benefit of previous numerical models to understand the general impacts of the BTM complex and the 
required model domain. 
Rainfall recharge and EVT include seasonality. 
River and surface waters represented.  

3.5.1 Is the implementation of boundary conditions consistent with the 
conceptual model?  

Y Representation of structural geology and consistent with the conceptual model.  
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3.5.2 Are the boundary conditions chosen to have a minimal impact on key 
model outcomes? How is this ascertained?  Y 

Lateral model boundaries such as the Hunter-Mooki Thrust Fault System are considered sufficiently far away from mining 
area for minimal impact. Boundaries are assumed to feature static hydraulic heads and are distant. However the model 
predictions do show drawdown that propagates to the eastern model boundary. 
Further information or data is needed to support the assumption that lateral flow from the alluvium is limited by the 
regolith thickness and disconnection between the Permian sequence and other layers. Some features of the boundary 
conditions could underestimate flow paths, drawdown predictions, connectivity assessments and mitigation designs. 

3.5.3 Is the calculation of diffuse recharge consistent with model objectives and 
confidence level?  Y 

Diffuse recharge is discussed from rainfall events, losing conditions from creeks and river reaches, and groundwater 
connectivity through the eastern thrust fault system. 
Three recharge zones are modelled. Several methods are applied to assess diffuse recharge rates and listed in Section 7.6 
Water balance. 

3.5.4 Are lateral boundaries time-invariant?  Y Time-invariant GHB along the eastern, southern and western edge.  
3.6 Are the initial conditions appropriate?  Y A steady-state model was used to reproduce groundwater levels prior to the onset of mining at the BTM Complex. 

3.6.1 Are the initial heads based on interpolation or on groundwater modelling?   Groundwater modelling. The model is first run to steady-state and the resulting heads are used as the initial condition 
for the transient model. 

3.6.2 Is the effect of initial conditions on key model outcomes assessed? Y Mean stresses (excluding mining operations) and hydraulic heads over the last two decades reasonably approximate 
system steady-state conditions. 

3.6.3 How is the initial concentration of solutes obtained (when relevant)? N/A  N/A 

3.7 Is the numerical solution of the model adequate? Y 
The mass balance error, which is the difference between the calculated model inflows and outflows at the completion of 
the steady-state calibration, was 0.0%. The maximum percent discrepancy at any time step in the transient simulation 
was 0.05%. This value indicates that the model is stable and achieves an accurate numerical solution. 

3.7.1 Solution method/solver Y Automated calibration was achieved using a technique called ENSI (ENsemble Space Inversion) 
3.7.2 Convergence criteria Y The maximum error is within acceptable limits for adequate numerical convergence less than 2%. 

3.7.3 Numerical precision Y 
The root mean square (RMS) error calculated for the calibrated model was 6.6 m. The total measured head change across 
the model domain was 156.52 m, with a standardised root mean square (SRMS) of 4.2%, which can be considered a 
good match for the modelled system type. 

4. Calibration and sensitivity 

4.1 Are all available types of observations used for calibration? Y Absolute hydraulic heads and temporal head differences. Estimates of groundwater inflow from water balance models 
were used to guide the calibration process by means of an inequality constraint for total inflow not exceeding 5.0 GL/yr. 

4.1.1 Groundwater head data Y 
The calibration dataset comprised 24258 observations during the period 2006-2024. 
Head targets distributed throughout model layers. 

4.1.2 Flux observations Y 
Inequality constraint was applied to mine inflow rates for the entire BTM Complex, with an upper limit of 5.0 GL/yr 
(approximately three times the estimated value from inflow data). This represents the only flux target formally part of 
the calibration process. 

4.1.3 Other: environmental tracers, gradients, age, temperature, 
concentrations etc. N No other qualitative calibration targets used in the model. 
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4.2 Does the calibration methodology conform to best practice? Y Automated calibration was achieved using a technique called ENSI (ENsemble Space Inversion) from the PEST_HP suite. 

4.2.1 Parameterisation Y Several parameterisation devices were used during calibration. These include pilot points for aquifer properties and 
recharge, seglists for river, stream and general head boundaries, and a structural overlay for the Conomos Fault. 

4.2.2 Objective function Y Weights were balanced so that the absolute hydraulic heads contributed approximately a third of the starting total 
objective function during calibration compared with two-thirds for the temporal differences. 

4.2.3 Identifiability of parameters Y 
Pilot points were implemented using PLPROC, with the same distribution of points used in each layer, noting that not 
all layers are laterally continuous. Points falling outside of discontinuous layers were removed so that only layer 1 and 
layer 34 included a full complement of points. 

4.2.4 Which methodology is used for model calibration? Y Automated calibration was achieved using a technique called ENSI (ENsemble Space Inversion) from the PEST_HP suite. 

4.3 Is a sensitivity of key model outcomes assessed against? N No sensitivity analysis reported. Traditional sensitivity analysis is no longer warranted when an ensemble-based method 
of calibration is applied. 

4.3.1 parameters N No sensitivity analysis reported.  

4.3.2 boundary conditions N No sensitivity analysis reported.  

4.3.3 initial conditions N No sensitivity analysis reported.  

4.3.4 stresses N No sensitivity analysis reported.  

4.4 Have the calibration results been adequately reported? Y Section F7.3 Calibration targets. 

4.4.1 Are the graphs showing modelled and observed hydrographs at an 
appropriate scale? 

Y All sites shown in Appendix F13 Calibration hydrographs. Overall, the model reasonably reproduces the trends and 
absolute hydraulic heads in the surficial aquifers.  

4.4.2 Is it clear whether observed or assumed vertical head gradients have been 
replicated by the model? Y The model is able to simulate the influence of the approved mining and the Project on the groundwater regime, with a 

locally lowered water table and inward hydraulic gradients towards the mining location.  

4.4.3 Are calibration statistics reported and illustrated in a reasonable manner? Y The total measured head change across the model domain was 156.52 m, with a standardised root mean square (SRMS) 
of 4.2%, which can be considered a good match for the modelled system type. 

4.5 Are multiple methods of plotting calibration results used to highlight 
goodness of fit robustly? Is the model sufficiently calibrated? 

Y 

Figure F 17 presents the observed and modelled groundwater levels determined from the calibration in a scattergram. 
The root mean square (RMS) error calculated for the calibrated model was 6.6 m. The total measured head change across 
the model domain was 156.52 m, with a standardised root mean square (SRMS) of 4.2%, which can be considered a 
good match for the modelled system type. 

4.5.1 spatially N Residuals have not been plotted spatially. Water Level Calibration Residuals are not available on a figure. 

4.5.2 temporally Y Individual hydrographs are shown in Appendix F13 Calibration hydrographs. 
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4.6 Are the calibrated parameters plausible? Y 

The final hydraulic property values determined from the calibration process are presented on the maps shown in Figure 
F 20 to Figure F 53. No table of values is presented, and it is difficult to read and extract values from the figures. This 
makes it difficult to determine if the calibrated parameters cover the expected ranges. 
Section F8.6 states there are relatively high storage and high recharge characteristics of the Maules Creek alluvial aquifer. 
The alluvium to the west of Maules Creek appears to be below Kh 0 m/day in Layer 1 while Table 7.3 lists values greater 
than 0 m/day for the Narrabri Formation. The decrease in hydraulic conductivity is evident in the Layer 2 Kv value 
which is lower than other areas. The exact calibrated values are difficult to assess, and it is unknown the reason for the 
calibrated values in this area for the alluvium in layer 1 and 2.  
Recharge rates are plausible. Estimates of groundwater inflow from water balance models were used to guide the 
calibration process by means of an inequality constraint for total inflow not exceeding 5.0 GL/yr.  

4.7 Are the water volumes and fluxes in the water balance realistic? Y 

Simulated inflows compare well with observed inflows for MCCM and Boggabri Coal Mine. 
Section F7.3.5 Mine inflow verification states there is a notable discrepancy between the inflows reported in the annual review for 
Tarrawonga and those from the numerical model. The difference is primarily related to removing the hydraulic barrier, which represents 
the Conomos Fault, from the Gunnedah alluvium. 

4.8 has the model been verified? N No discussion on the model being verified or a series of structured quality assurance checks. 

5. Prediction 

5.1 Are the model predictions designed in a manner that meets the model 
objectives? 

Y 

The four model objectives are: 

�ƒ Evaluate cumulative drawdown at all identified receptors (including GDEs). 
�ƒ Evaluate incidental and passive water take from groundwater and surface water sources. 
�ƒ Address the Project-�V�S�H�F�L�I�L�F���6�H�F�U�H�W�D�U�\�·�V���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���$�V�V�H�V�V�P�H�Q�W���5�H�T�X�L�U�H�P�H�Q�W�V�� 
�ƒ (SEARs). 
�ƒ Forecast the range of potential inflows into the approved and proposed expansions of open cut pits for each 

BTM Complex mine. 
All objectives are able to be assessed by the model design. 

5.2 Is predictive uncertainty acknowledged and addressed? Y Uncertainty analysis presented in Section F9 Uncertainty analysis. 

5.3 Are the assumed climatic stresses appropriate? Y 
The rainfall, evaporation, land use, soil texture and hydrologic soil category were used to create 274 recharge zones. 
Specific combinations of soil type, climate conditions, and land use characterise each recharge zone. The recharge model 
is then used to estimate spatially variable recharge patterns across the numerical model area. 

5.4 Is a null scenario defined? Y A �¶�Q�X�O�O���V�F�H�Q�D�U�L�R�·��was developed that excluded mining. 

5.5 Are the scenarios defined in accordance with the model objectives and 
confidence level classification? 

Y The model scenarios are complex when considering the impact of Boggabri, Tarrawonga and Maules Creek Mines. See 
F8.1 Model scenarios and setup. 

5.5.1 Are the pumping stresses similar in magnitude to those of the calibrated 
model? If not, is there reference to the associated reduction in model confidence? 

Y See F6.3.4 Abstraction 
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Review questions Yes/No Comment 

5.5.2 Are well losses accounted for when estimating maximum pumping rates 
per well? N/A N/A 

5.5.3 Is the temporal scale of the predictions commensurate with the calibrated 
model? If not, is there reference to the associated reduction in model confidence? Y 

The calibration dataset comprised 24258 observations during the period 2006-2024.  
The predictive models were set up with quarterly stress periods of 91.3 days, representing the period from January 2025 
to December 2044.  
The model scenarios were created by extending the model time to the end of approved or proposed mining and then for 
200 years after mine closure to assess the recovery equilibrium of the groundwater regime. 

5.5.4 Are the assumed stresses and timescale appropriate for the stated 
objectives? Y Timing suitably represents the approved and project mining. 

5.6 Do the prediction results meet the stated objectives? Y The objectives F4 Model plan and objectives are assessed and presented in the report. 

5.7 Are the components of the predicted mass balance realistic? Y See F7.3.4 Water budget. 

5.7.1 Are the pumping rates assigned in the input files equal to the modelled 
pumping rates? 

N/A N/A 

5.7.2 Does predicted seepage to or from a river exceed measured or expected 
river flow? 

Y See F8.4 Water budgets. 

5.7.3 Are there any anomalous boundary fluxes due to superposition of head 
dependent sinks (e.g. evapotranspiration) on head-dependent boundary cells 
(Type 1 or 3 boundary conditions)? 

N This is not obvious in the report however the review has not considered model files. 

5.7.4 Is diffuse recharge from rainfall smaller than rainfall? Y 

Figure F 8 shows the spatial distribution of recharge in the model for the steady-state condition. This indicates the long-
term mean recharge, which has increased rates along waterways. Mean rainfall for the area is approximately 590 mm/yr, 
with the minimum at 0.6 mm/yr and the maximum at 76.9 mm/yr, approximately 0.1% and 13.1% of annual rainfall, 
respectively. 

5.7.5 Are model storage changes dominated by anomalous head increases in 
isolated cells that receive recharge? 

N This is not obvious in the report however the review has not considered model files. 

5.8 Has particle tracking been considered as an alternative to solute transport 
modelling? 

N N/A 

6. Uncertainty 

6.1 Is some qualitative or quantitative measure of uncertainty associated with the 
prediction reported together with the prediction? Y Uncertainty analysis presented in Section F9 Uncertainty analysis. 

6.2 Is the model with minimum prediction-error variance chosen for each 
prediction? 

Y ENSI using optimal multipliers to achieve minimum error variance. 

6.3 Are the sources of uncertainty discussed? Y See F9 Uncertainty analysis. 

6.3.1 measurement of uncertainty of observations and parameters Y See F9 Uncertainty analysis. 
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Review questions Yes/No Comment 

6.3.2 structural or model uncertainty N Structure has not been explored through uncertainty.  

6.4 Is the approach to estimation of uncertainty described and appropriate? Y See F9 Uncertainty analysis. 

6.5 Are there useful depictions of uncertainty? Y See F9 Uncertainty analysis. 

7. Solute transport - N/A  

8. Surface water-groundwater interaction 

8.1 Is the conceptualisation of surface water-groundwater interaction in 
accordance with the model objectives? 

Y One of model objectives was to evaluate incidental and passive (indirect) water take from groundwater and surface water 
sources. 

8.2 Is the implementation of surface water-groundwater interaction appropriate? Y Model allows for the possibility of groundwater discharge to rivers and creeks.  

8.3 Is the groundwater model coupled with a surface water model? Y 
Post closure groundwater model has been run iteratively with the final void surface water balance model.  
Operations model is not coupled with a surface water model. 

8.3.1 Is the adopted approach appropriate? Y Coupled modelling during operations may be appropriate if sufficient surface water data exists. 

8.3.2 Have appropriate time steps and stress periods been adopted? Y Stage time series for post closure. 

8.3.3 Are the interface fluxes consistent between the groundwater and surface 
water models? Y Input to the final void surface water balance model from the groundwater model is provided as a rate (ML/d). Output 

from the final void surface water balance model to the groundwater model is provided as an elevation (mAHD). 
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5. Groundwater impact assessment review 

5.1. Conceptualisation 

The hydrogeological conceptualisation is presented in Section 7.9 (AGE, 2025) and is supported by the individual 
hydrogeological components throughout Section 7.  

There are several aspects of the hydrogeological conceptualisation that are either not clear, and or require further 
information to assess whether they are adequately supported by representative data. The hydrogeological conceptualisation 
is then represented in the numerical model on which the impact assessment is based.  

These aspects of the hydrogeological conceptualisation relate primarily to the potential hydraulic connectivity and flow 
paths between the Permian strata and the Maules Creek alluvium. In summary these conceptualisation aspects relate to the 
following: 

�ƒ the geometry of the hydrostratigraphic layers and the data which underpins this layer geometry; 

�ƒ the conceptualisation of the individual Permian coal seams to sub-crop2 directly beneath the Maules Creek 
alluvium versus the conceptualisation of onlapping onto the Boggabri Volcanics; and 

�ƒ the conceptualisation of the weathered zone and the connection between the Maules Creek alluvium and the 
weathered zone. 

The potential hydraulic connections between the sub cropping coal seams beneath the Maules Creek alluvium is discussed 
in the report and referenced below. The wording implies that further information or data may be required to fully support 
the conceptualisation. For example, the report states: 

Potential connections between MCCM and the alluvial groundwater system exist north of MCCM where coal seams sub crop beneath the 
Maules Creek alluvium (Figure 7.49). Data evidence suggests that this connection is mainly driven by downward hydraulic gradients from 
the alluvium to the coal seams (Section 7.4.5). Thus, long-term depressurisation of targeted coal seams may eventually propagate along 
seams and induce enhanced downward vertical gradients, potentially triggering decreases in water levels across Maules Creek alluvium. 
However, evidence from water levels and observed vertical gradients along Maules Creek suggest that shallower seams show no mining-
induced decline in water levels, and only the deepest coal seams (Merriown and Templemore seams) show a decrease in water levels driven 
by mining. The treatment and the implementation of the lateral connectivity between Maules Creek alluvium and subcropping coal seams, 
and the role of the weathered regolith as the primary pathway for lateral groundwater flow from the alluvium is further explained in 
Appendix F.  

It is important to note that the described content cannot be found or substantiated in Appendix F. None of the 
hydrogeological conceptualisation sections presented demonstrate a potential hydraulic connection where coal seams 
directly sub crop beneath the Maules Creek alluvium, thus allowing a potential or hydraulic connection between the 
alluvium and the coal seams such as the Braymont Seam. The conceptual models, such as conceptualisation section B-�%�·��
(reproduced below as Figure 5-1) shows a strong disconnection. The alluvium is generally shown to be separated by low-
permeability units. The Herndale and Braymont Seams terminate before they reach the base of the alluvium. 

Discussion of hydrogeological conceptualisation sections (critical to the hydraulic relationship between the Maules Creek 
alluvium and the Permian strata) are provided below.  

 

2 In this context, a subcropping coal seam refers to the location where the coal seam connects and terminates at a different geological 
layer (for example alluvium or weathered zone). These subcrops are important in groundwater studies because they may act as potential 
connection points between different strata (i.e., shallow aquifers (like alluvium) and the deeper aquifer (such as coal seams). 
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5.1.1. Hydrogeological conceptualisation B-�%�·�� 

Hydrogeological conceptualisation B-�%�·��(Figure 5-1) shows that there are limited groundwater bores penetrating the full 
thickness of the alluvium. Hence, there are limited bores that penetrate into the underlying Permian strata and Boggabri 
Volcanics. This reduces confidence in the interpreted stratigraphy and connectivity.  

The data source for the Boggabri Volcanics is unknown and the top of this formation is represented as steeply dipping with 
coal seams that subcrop or terminate at the top of the volcanics. The weathered zone is not extensive over the Permian 
strata and thins near REG16. The weathered zone is not present over the Boggabri Volcanics.  

Further information or data is required to confirm the geology and potential hydraulic connections between MCCM and 
the alluvial groundwater system north of MCCM, particularly where the coal seams are expected to sub crop beneath the 
Maules Creek alluvium. Further data associated with geology, groundwater levels, permeability and water quality would 
improve the conceptual understanding of hydraulic connectivity between the Maules Creek alluvium and the Permian 
strata. 

A conceptual model schematic is presented below from Pacific Coal (1982) to demonstrate the potential hydrogeological 
connections discussed above. Whilst it is recognised that the schematic is simplistic, the alternative conceptual model 
schematic (Figure 5-2) supports the AGE (2025) description of the potential connections between MCCM and the alluvial 
groundwater system existing north of MCCM where coal seams sub crop beneath the Maules Creek alluvium.  

 
Figure 5-1 Hydrogeological conceptualisation B-�%�· (AGE, 2025) 
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Figure 5-2 Alternative conceptual model schematic (Pacific Coal, 1982) 

5.1.2. Hydrogeological conceptualisation D-D�·�� 

Hydrogeological conceptualisation D-�'�·��is shown in Figure 5-3. The conceptual model does not represent any 
groundwater bores within the cross section. This limits the ability to validate the interpreted groundwater levels and 
geology.  

The Boggabri Volcanic groundwater level appears disconnected from the weathered zone towards the alluvium but remains 
continuous towards the MCCM Pit. The alluvium exceeds 50�×m in thickness (which is significantly different to the alluvium 
thickness that is shown in Figure 5.3 of AGE (2025)), and there is no separation depicted between the Narrabri Formation 
and the Gunnedah Formation, which is a critical component of the groundwater conceptualisation. The alluvial 
groundwater table is shown as being hydraulically disconnected from the Permian strata by the weathered zone.  
Further to this there is minimal information or data provided to support the thickness and extent of the weathered zone. 
Table 7.1 of AGE (2025) states that the weathered zone ranges between 1 m to 30 m thick, however hydrogeological 
conceptualisation D-�'�· shows the weathered zone to be at least 50 m or 60 m thick in some areas of the section. 

The conceptual cross-section suggests vertical infiltration from waste rock and lateral flow through the Permian strata and 
Boggabri Volcanics. The geometry of the Boggabri Volcanics and presence of a thick weathered zone effectively cut off or 
laterally isolate the Permian strata and coal seams between the MCCM and the northern side of the section  
(near Maules Creek). This infers a limited potential for lateral groundwater flow from the northern coal seams and alluvium 
into the MCCM, due to both physical truncation and low permeability of the volcanics.  

The interpreted Boggabri Volcanics extent does not align with the geology layer (circa 1990s) used in the AGE (2025) 
reporting called Gunnedah Coalfield Rock Unit (1:100K), nor does it align with the most recent surface geology that is 
available from the NSW government3. There is minimal information or data provided to support the Boggabri Volcanics 
thickness and extent.  

  

 

3 https://minview.geoscience.nsw.gov.au/#/?lon=150.1410&lat=-
30.56228&z=11&bm=bm5&l=ge1:n:100,ge0:y:100,ut2:n:100,ut1:y:100,ad0:y:100 
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Without detailed stratigraphic logs or supporting data it is unclear whether the Boggabri Volcanics and the weathered zone 
act as lateral hydraulic barriers, or whether subcropping coal seams may provide undetected hydraulic pathways connecting 
the Maules Creek alluvium to the MCCM. Further data is required for both the Boggabri Volcanics and weathered zone to 
confirm potential pathways and hydraulic connectivity of groundwater flow between the alluvium to the coal seams.  

Without verified groundwater level data across the described units, the hydrogeological conceptual model lacks the 
necessary evidence to support assumptions regarding flow directions, aquifer connectivity and hydraulic separation.  

The data limitations for hydrogeological conceptualisation D-�'�·���D�U�H���O�L�V�W�H�G���L�Q��Table 5-1. 

 
Figure 5-3 Hydrogeological conceptualisation D-D�· (AGE, 2025) 
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Table 5-1 Main data limitations in hydrogeological conceptualisation D-D�· 

Category Data limitations Implication s 

Geology �² Volcanics Unknown source of data for extent, 
dip, or geometry 

Geometry of Boggabri Volcanics is 
uncertain and may not truncate coal seams 
as shown. 

Geology �² Coal Seams 
Sub cropping coal seams inferred but 
not supported by geological logs or 
cross-sections 

May influence hydraulic connection 
between coal seams and other units 

Weathered zone 
No data on thickness, extent, or 
hydraulic properties near alluvium 

Cannot verify the weathered zone and the 
lateral flow pathway 

Permeability data 

Weathered zone there is limited 
information on hydraulic parameters.  
Boggabri volcanics hydraulic testing is 
limited.  

Weathered zone and volcanics may be 
more or less permeable than assumed. 

Monitoring bores 
Limited groundwater monitoring 
bores  

Lack of monitoring prevents testing of 
vertical or lateral gradients and 
connectivity 

Groundwater levels and flow paths 

No bore references or measured water 
levels shown  
Groundwater levels are disconnected, 
and data gaps exist in the groundwater 
level schematic 

Flow directions and gradients are 
schematic, and potential connections 
cannot be confirmed  
Potential for over-simplification or 
misrepresentation of groundwater 
behaviour 

 
5.1.3. Hydrogeological conceptualisation E-E�·�� 

Hydrogeological conceptualisation E-�(�·��shown in Figure 5-4 displays uncertainty in the weathered zone thickness south of 
REG16 (see use of question marks) and does not clearly define the connection between the alluvium and the sub cropping 
coal seams. The alluvium appears to exceed 50 m in thickness, and there is no distinction or separation shown between the 
Narrabri Formation and the Gunnedah Formation. The weathered zone is noticeably thicker near the alluvium, particularly 
in the northern part of the cross-section around Maules Creek. There is minimal data available to show the weathered zone 
as the main pathway for lateral groundwater flow from the alluvium to the coal seams.  

The conceptualisation that the weathered zone represents the primary lateral groundwater flow pathway between the 
alluvium and the underlying coal seams is not substantiated by data. The conceptual model does not present dedicated 
monitoring bores, hydraulic head measurements, or permeability data within the weathered zone to verify lateral 
connectivity. Further information or data is required for the weathered zone beneath the alluvium, and between the 
alluvium and the MCCM to confirm pathways for groundwater flow between the alluvium and the coal seams.  

The main data limitations for the hydrogeological conceptualisation cross sections are listed in Table 5-2. 
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Figure 5-4 Hydrogeological conceptualisation E-E�· (AGE, 2025) 
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Table 5-2 Main data limitations in hydrogeological conceptualisation E-E�·  

Category Data limitation s Implication s 

Weathered zone thickness 

Thickness is uncertain and variable, especially 
south of and at REG16. The weathered regolith 
at REG16A is not shown in hydrogeological 
conceptualisation B-�%�·�����$�*�(���������������� 

Cannot confirm continuity or hydraulic 
role of weathered zone 

Stratigraphic differentiation 
No distinction made between Narrabri and 
Gunnedah Formations 

Limits understanding of which unit is 
connected or disconnected from coal 
seams 

Alluvium thickness Alluvium exceeds 50�×m, but internal layering 
and hydraulic properties are not defined 

Unclear if full thickness contributes to 
lateral flow or interacts with deeper units 

Weathered zone / Coal 
Seam connection 

Connection between weathered zone and sub 
cropping coal seams is not clearly shown 

Uncertain whether lateral flow pathway 
exists or is blocked by the weathered zone 

Hydraulic data 
No water level or pressure head data shown in 
regolith or transition zones 

Flow directions and gradients across units 
cannot be confirmed. 

Permeability information 
Regolith/weathered zone there is limited 
information on hydraulic parameters.  
Boggabri volcanics hydraulic testing is limited. 

Cannot assess permeability for example 
regolith/weathered zone and volcanics 
may be more or less permeable than 
assumed. 

Monitoring bores 
No monitoring bores shown within the 
weathered zone between the alluvium and coal 
seams 

Conceptual flow path is unsupported by 
data or observations 

Conceptual flow arrows 
Flow paths are schematic, without data-based 
support 

May misrepresent actual groundwater 
movement 

Geological control 
Data source for geometry and thickness of units 
is not cited 

Reduces confidence in stratigraphic 
boundaries and inferred connections 

Temporal data No indication of water level trends or time-
series 

Cannot assess if mining-induced 
drawdown propagates through regolith 
into the alluvium or vice versa 

 
5.2. Summary of data /  information gaps 

There are data gaps and a lack of supporting information or descriptions regarding several key processes that are relied 
upon in the numerical model: 

�ƒ The BTM Complex model incorporates two layers to represent the full thickness of the alluvium, with Layer 1 
being the Narrabri Formation, and Layer 2 being the Gunnedah Formation. There is minimal information 
provided to support the stratigraphic differentiation, and the hydraulic parameters assigned. 

�ƒ No data or supporting information is presented to support the concept that the Narrabri Formation is laterally 
connected to the weathered zone, while the Gunnedah Formation is said to be laterally disconnected, limiting 
flow to the vertical direction through sub-cropped coal seams.  

�ƒ The following statement is not supported, and the described content cannot be found or substantiated in 
Appendix F. The treatment and the implementation of the lateral connectivity between Maules Creek alluvium and subcropping 
coal seams, and the role of the weathered regolith as the primary pathway for lateral groundwater flow from the alluvium is 
further explained in Appendix F. No such explanation or supporting detail is provided in the referenced appendix. 

�ƒ There is insufficient information or description to support the assumption that the weathered zone acts as the 
primary pathway for lateral groundwater flow from the alluvium. There is limited data on the hydraulic properties 
and water quality of the weathered zone, to support the conceptualisation. 
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�ƒ Further information or supporting data is required to justify the assumption that lateral flow from the alluvium is 
limited by the weathered zone thickness and the disconnection between the Permian strata. These features and 
boundary conditions may underestimate connectivity, flow paths and drawdown predictions. 

�ƒ The report does not address baseflow to Maules Creek or Back Creek in Section 7.5. However, this issue is 
acknowledged in Section 7.9.2 as a potential risk. Model predictions are later used to conclude that negligible 
baseflow loss is expected in the lower and middle reaches of Maules Creek, and that baseflow to Back Creek is 
non-existent. Further information or data is required to address the environmental impact or groundwater 
assessment report.  

�ƒ Section 7.4.5 notes multi-level monitoring extends through both the alluvium and the coal measures, is limited 
to two sites within the vicinity of the Project. Additional investigation and the installation of multi-level 
monitoring bores would improve the data set to support the conceptualisation, particularly in the area of the sub 
cropping coal seams.  

�ƒ Measurement error management needs to be addressed with greater detail. This is required as the measurement 
error for the VWP is considered potentially higher than that for the monitoring bores and possibly in the range of 
±5 m to 10 m (AGE, 2025). Greater multi-level monitoring extending through both the alluvium and the coal 
measures, is limited to two sites within the vicinity of the Project REG02 and GW041027, REG01 and 
GW967138. However, the assessed VWP measurement error at these sites may be significant, potentially 
affecting confidence in the interpretation of vertical hydraulic gradients and connectivity between strata. 

�ƒ To support the conceptualisation that the alluvium is hydraulically disconnected from the coal seams, further 
detail is required on vertical groundwater elevation differences and temporal water level trends, to demonstrate 
the hydraulic separation. 

A key input to the groundwater model is the representation of the Boggabri Volcanics basement surface. The Boggabri 
Volcanics basement surface which is represented in the AGE 2025 report is significantly different to that presented in 
previous reporting (AGE, 2011 and AGE, 2021). Figure 5-5 shows the comparison between the Boggabri Volcanics 
basement surface presented in AGE (2021) versus AGE (2025).  

Approaching Maules Creek, AGE (2021) shows the top of the Boggabri Volcanics rising toward the west, with elevations 
approaching 250�×mAHD, and dipping westward to below -150�×mAHD, forming a clear east west gradient (Figure 5-5). 
AGE (2025) confirms the presence of this east west gradient and westerly structural high but introduces a steeper elevation 
gradient from east to west. This difference indicates that an update or reinterpretation of the Boggabri Volcanics surface 
must have been carried out between 2021 and 2025. However, there is no mention of additional drilling that has been 
completed between 2021 and 2025 in this area to warrant the reinterpretation of the Boggabri Volcanics structure 
contours. The source dataset used to generate the Boggabri Volcanics surface is not specified and further clarification is 
needed to understand why this was carried out and the implications this has on the model calibration and predictions.  

An additional map showing the top of the Boggabri Volcanics is shown in Figure 5-6. This figure is contained within a coal 
exploration report (Pacific Coal, 1982) which was downloaded from NSW DIGs. The map also shows the location of 
numerous coal exploration drill holes that were used to interpret the top of the Boggabri Volcanics.  

Contrary to AGE (2025), the top of the Boggabri Volcanics represented in this exploration report does not show a steep 
gradient in the basement surface. At the confluence of Horsearm Creek and Middle Creek, the contours show that the top 
of the Boggabri Volcanics is interpreted to be at an elevation of approximately 50 mAHD. At this same location, the top 
of the Boggabri Volcanics in the AGE (2025) report corresponds to approximately 200 mAHD. This difference is significant 
(150 m vertical difference) and has major implications for the geology that is presented in the groundwater 
conceptualisation, with further major implications on the numerical model layering and the resultant predictions. The data 
from the exploration report (Pacific Coal, 1982) would also suggest that the Permian coal measures and coal seams are far 
more extensive beneath the Maules Creek alluvium that what is conceptualised and presented by AGE (2025).  
Figure 5-7 shows a markup of hydrogeological conceptualisation B-�%�· with an alternative representation of geological 
layering. Based on the data from Pacific Coal (1982) there is likely to be significantly more Permian strata beneath the 
Maules Creek alluvium, and with this an increased chance of hydraulic connection between these two hydrostratigraphic 
units. 
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Further to the above, the publicly available surface geological mapping indicates extensive outcrop and subcrop of the 
Permian coal measures (Maules Creek Formation), however the conceptual and numerical model presented by AGE (2025) 
shows an increased presence of the low permeability Boggabri Volcanics beneath the Maules Creek alluvium, and a 
corresponding reduction in the extent of the higher permeability Permian coal measures. 

Further information is required to validate the AGE conceptualisation and interpretation of the geology in this area.  
The presentation of detailed geological cross-sections (including the underlying drill hole datasets) would assist in 
demonstrating the relationship between the Boggabri Volcanics, the Permian coal measures and the Maules Creek alluvium.  

As discussed above, this geological conceptualisation and interpretation has the ability to influence the lateral and vertical 
flow of groundwater (and propagation of mine related depressurisation) between the Maules Creek alluvium and the 
MCCM. 
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Figure 5-5 Top of Boggabri volcanics (AGE 2021 and 2025) 
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Figure 5-6 Top of Boggabri Volcanics (Pacific Coal, 1982) 
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Figure 5-7 Markup of hydrogeological conceptualisation B-�%�· (AGE, 2025)

Interpreted top of Boggabri Volcanics  
from Pacific Coal 1982 

Interpreted coal seams  
from Pacific Coal 1982 
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5.3. Modelling  

5.3.1. Drawdown within the Maules Creek alluvium 

It is difficult to assess the model calibrated hydraulic parameters the way they are presented as spatial plots in Figures F20 
to F53. For example, a red colour may be shown on the map, however this red colour has a range of potential values in 
the figure legend which varies by an order of magnitude. A summary table of calibrated parameters which lists hydraulic 
properties would better to assist in understanding the model calibrated hydraulic parameters.  

Table F9 shows potential inconsistencies in the assigned parameter values. For example layer 1 (Alluvium �² Narrabri 
Formation) is assigned a (pre-calibrated) specific yield (Sy) of 0.008 which appears to be very low for an unconfined alluvial 
aquifer. Whereas layer 2 (Alluvium �² Gunnedah Formation) has a (pre-calibrated) Sy of 0.25 which is arguably at the higher 
end for an alluvial aquifer.  

The total thickness of alluvium is provided in the report, however nowhere in the documentation are there figures to 
present the thickness of individual model layers. The thickness of model layers is important in understanding how the 
geology has been assigned and how the model behaves. For example, model layer 1 in the footprint of the Maules Creek 
alluvium maybe a uniform 1 m thick (albeit unlikely) which would render the model layer as unsaturated and dry 
throughout the model simulations.  

Layer 1 (Alluvium �² Narrabri Formation) has a very small Sy (volume of drainable porosity), whereas layer 2  
(Alluvium �² Gunnedah Formation) is likely to be acting as a buffer with its high Sy value. The effect of this may 
unrealistically dampen any drawdown or depressurisation effects that may propagate from the underlying model layers. 
The layering and parameterisation may affect how the model predicts drawdown in the alluvium. Potentially effecting the 
timing of drawdown, the volume of indirect groundwater take from the alluvium and the magnitude and extent of 
drawdown propagation.  

Section F8.6 of the AGE (2025) report confirms the dampening or buffering effect described above and provides some 
information on how the model is configured to simulate responses in the Maules Creek alluvium, it states:  

The model also predicts less than 1 m of drawdown within the Maules Creek alluvium to the north. The relatively high storage and high 
recharge characteristics of the Maules Creek alluvial aquifer mean that any losses occurring through the base of the aquifer to the low-
permeability bedrock are a small portion of the total system water budget and, therefore, are readily buffered. This small amount of 
drawdown would not likely be discernible from climatically induced fluctuations in groundwater levels (recharge-discharge cycles) observed 
in monitoring bores.  

The model parameterisation (along with the geological layering �² see Section 5.2) will result in the minimal prediction of 
drawdown in the Maules Creek alluvium. Greater detail is needed to support and justify the conceptual model and 
groundwater model setup for the Narrabri Formation and Gunnedah Formation in the vicinity of the Maules Creek 
alluvium. 
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5.3.2. Analytical assessment of lateral flow from the alluvium  

Section 5.2 Limitations, discusses that the lateral flow from the alluvium is limited by the weathered zone thickness. 

The BTM Complex model incorporates two layers to represent the full thickness of the alluvium, with Layer 1 being the Narrabri alluvium, 
and Layer 2 being the Gunnedah alluvium. The Narrabri alluvium is laterally connected to Permian weathered regolith, while the 
Gunnedah Alluvium is laterally disconnected, limiting flow to the vertical direction through sub-cropped coal seams. This aligns with the 
current conceptual model of the system, which assumes that weathered regolith is the primary pathway for lateral groundwater flow from 
the alluvium.  

This assumption implies that lateral flow from the alluvium is limited by the regolith thickness, which was assessed using an analytical 
approach that considers the full saturated thickness of the alluvium being available for lateral flow. The Edelman Solution (Edelman, 
1947) is a transient 1D solution that calculates hydraulic head response and changes in flux at a fixed distance from a step change in 
hydraulic head. This solution assumes constant transmissivity but can be applied to unconfined systems when the head change is less than 
20% of the saturated thickness, as it produces solutions comparable to those of the linearised Boussinesq equation (Boussinesq, 1877). 
The application of the solution in this analysis assumes a 1.0 m head difference across 250 m (gradient of 0.004) as representative of the 
drawdown.  

Typical values of hydraulic conductivity, storage coefficient and saturated thickness (Table F 3) for the two alluvial formations were used 
to estimate the change in flux at equilibrium. A total flux from the alluvium into the Permian can be estimated by assuming a 10 km 
stretch of alluvium is affected by drawdown, resulting in 0.09 ML/d discharge from the Narrabri and 0.52 ML/d discharge from the 
Gunnedah. In a calendar year, this equates to approximately 219 ML, which remains well below the WALs held by the proponent of the 
Project. The 10 km length is approximately the same as the length of Upper Maules Creek alluvium affected by drawdown through the 
regolith, according to the numerical model. 

The conceptualisation of the Maules Creek alluvium and weathered zone interaction is not clear, and the mechanism for 
how this conceptualisation is represented in the numerical model is also not clear. Further, the use and justification of the 
analytical equation is confusing.  

It is unclear how layer 2 (Alluvium �² Gunnedah Formation) contributes a discharge of 0.52 ML/day, which is significantly 
more than the 0.09�×ML/day attributed to layer 1 (Alluvium �² Narrabri Formation) given that the Gunnedah Formation is 
conceptualised as being laterally disconnected from the weathered zone.  

The total flux from the alluvium into the Permian was estimated by assuming a 10 km stretch of alluvium however it is not 
specified where the stretch of alluvium is located. The extent is stated to correspond to the estimated extent of the Upper 
Maules Creek alluvium affected by drawdown through the weathered zone as represented in the numerical model,  
however further detail is not provided. Further the numerical model predictions currently do not show any predicted 
drawdown in the Maules Creek alluvium. 

There is insufficient detail or information to confirm if the use of the analytical equation is appropriate, and whether this 
has been correctly applied. It is also unclear why the analytical equation has been used and reported on when a 3D numerical 
model is available to predict the total flux from the alluvium into the Permian strata and from the alluvium to the weathered 
zone. 
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5.3.3. Perimeter model boundaries 

F6.2.1 Perimeter Model Boundaries, discusses that the boundary conditions were aligned with the conceptual 
hydrogeological model of the area, with groundwater flow in and out of the model largely occurring through the alluvium. 

Boundary conditions were aligned with the conceptual hydrogeological model of the area, with groundwater flow in and out of the model 
largely occurring through the alluvium. Flow through the Namoi River alluvium was largely represented by General Head Boundaries 
(GHB) along the southern and western sides of the model, where alluvial groundwater enters and exits the model (layers 1 and 2). 
Groundwater levels at the Namoi River alluvium GHBs were determined based on the average groundwater levels measured in monitoring 
bores in proximity to the model boundary. A detailed description of this process is provided within AGE (2022), but no update is provided 
here as there has been no significant change since then.  

�7�K�H�� �$�*�(�� �������������� �P�R�G�H�O�� �U�H�S�U�H�V�H�Q�W�H�G�� �O�D�U�J�H�� �V�H�F�W�L�R�Q�V�� �R�I�� �W�K�H�� �Q�R�U�W�K�H�U�Q���� �Z�H�V�W�H�U�Q�� �D�Q�G�� �V�R�X�W�K�H�U�Q�� �P�R�G�H�O�� �S�H�U�L�P�H�W�H�U�� �E�R�X�Q�G�D�U�L�H�V�� �Z�L�W�K�� �¶�Q�R-�I�O�R�Z�·��
conditions (Figure F 1). This included the areas on the eastern boundary where catchments continue, and topography and associated 
hydraulic gradients would allow groundwater inflow to the model from the New England Fold Belt fractured rock groundwater system. An 
analytical estimate of groundwater flow from the New England Fold Belt fractured rock into the model domain indicated potential inflows 
of approximately three megalitres per day (ML/day). The model was initially updated to represent this inflow with GHBs assigned in all 
model layers along the eastern model boundary adjacent to the Maules Creek and Bollol Creek alluvial plains. However, this resulted in 
the model failing to converge. The cause of numerical instability was attributed to the explicit representation of geology associated with 
the Permian coal measures sequence, where all layers are laterally discontinuous and pinch out in the west against the Boggabri volcanics. 
The pinching of coal measures layers in the unstructured grid laterally disconnects the Permian sequence layers from other model layers, 
albeit only in the horizontal direction. Vertical connections remain unaffected. The addition of the GHBs along the eastern edge of the 
model domain was subsequently modified to only occur in model layer 1 (Narrabri alluvium and weathered regolith), where layer 2 
(Gunnedah alluvium) was present. Hydraulic heads assigned to the GHBs were set at the model cell's topographic elevation but were 
assumed to be approximately 2 km from the model. This simulated an effective hydraulic gradient between 0.001 and 0.003 (1:1000 to 
1:333), depending on the model cell location and was factored into the initial conductance calculation for each GHB boundary cell. 

Generally, there is a lack of information or description on the refinements made to the numerical model general head 
boundaries. An estimate of groundwater inflow from the New England Fold Belt fractured rock into the model domain 
was assessed at 3 ML/d and an attempt was made to represent this in the numerical model. However, the model failed to 
converge, and this boundary condition was modified so that this groundwater inflow from the New England Fold Belt 
fractured rock only occurred through layer 1 (where layer 2 was present). Layer 1 represents the shallow Narrabri alluvium 
and weathered zone and not the deeper fractured rock that occurs further to the east.  

There is insufficient detail or information to confirm if this application of the GHB is appropriate and whether it validates 
the conceptual water balance discussed above. It potentially underestimates or overestimates fluxes, affects the water 
balance and misrepresents groundwater interaction with surrounding units. 
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6. Water management plan review 

The current Maules Creek Coal Mine Water Management Plan (WMP) is dated 24 March 2025. The WMP provides details 
of the management of surface water and groundwater related impacts associated with the construction and operation of 
the MCCM.  

WMP Appendix C contains the Groundwater Management Plan (GWMP) for Maules Creek Coal Mine (MCCM)  
which describes the management of groundwater at MCCM. This includes details of the GWMP, predicted impacts and 
compliance conditions. The GWMP outlines the groundwater data collection/analysis methods, performance measures, 
trigger thresholds and Trigger Action Response Plans (TARPs). 

A review of Appendix C Groundwater Management Plan has been undertaken including an assessment of suitability of the 
monitoring locations and program, current triggers and actions. 

6.1. Suitability of monitoring locations 

The existing monitoring network is described in Section 4 Groundwater Infrastructure. The existing monitoring network 
includes standpipe bores and vibrating wire piezometers (VWP) installed in a series of campaigns since 2010. The locations 
and status of the monitoring network infrastructure are shown in two figures. A table summarises the groundwater 
monitoring network and described below.  

�$�O�O�� �R�I�� �W�K�H�� �¶�0�$�&�·�� �V�H�U�L�H�V�� �P�R�Q�L�W�R�U�L�Q�J�� �E�R�U�H�V�� �D�Q�G�� �9�:�3�V�� �Z�H�U�H�� �G�D�P�D�J�H�G�� �R�U�� �G�H�V�W�U�R�\�H�G�� �E�\�� �W�K�H�� �S�U�R�J�U�H�V�V�� �R�I�� �P�L�Q�L�Q�J���� �R�U�� �E�\�� �S�U�R�W�H�V�W�R�U�V���� �Z�L�W�K the 
exception of standpipe bore MAC1280 which remains active. The MAC1280 monitoring bore is now located immediately to the east of 
the out of pit waste rock dump. It is recognised that these decommissioned bores may have been important in the past, but it necessarily 
complicates the current monitoring strategy. 

�7�K�H���¶�5�%�·���V�H�U�L�H�V���R�I���E�R�U�H�V���Z�D�V���G�H�V�L�J�Q�H�G���W�R���U�H�S�O�D�F�H���W�K�H���¶�0�$�&�·���V�H�U�L�H�V�����7�K�H���¶�5�%�·���V�H�U�L�H�V���F�R�P�S�U�L�V�H�V���W�K�U�H�H���J�U�R�X�Q�G�Z�D�W�H�U���P�R�Q�L�W�R�U�L�Q�J���E�R�Ues and five 
multi-level VWPs. Two of the locations (RB01 and RB02) were constructed in the Maules Creek mining footprint and were removed during 
mining activities in early 2017. 

�7�K�H���¶�5�(�*�·���V�H�U�L�H�V���F�R�P�S�U�L�V�H�V���W�Z�H�O�Y�H���U�H�J�L�R�Q�D�O���J�U�R�X�Q�G�Z�D�W�H�U���P�R�Q�L�W�R�U�L�Q�J���E�R�U�H�V���D�Q�G���V�L�[���P�X�O�W�L-level VWPs designed to detect cumulative impacts 
in the alluvial aquifers surrounding the BTM Complex. Of these monitoring locations, BCM1, BCM3 and REG10A were installed along 
Back Creek to assess the potential for shallow groundwater and the presence of groundwater dependent ecosystems. 

The NSW Department of Climate Change, Energy, the Environment and Water (DCCEEW) maintain a network of monitoring bores 
within the Namoi alluvium that surrounds MCCM. The purpose of these bores is to monitor groundwater levels and quality within the 
Narrab�U�L���D�Q�G���*�X�Q�Q�H�G�D�K���)�R�U�P�D�W�L�R�Q�V�����7�K�H�V�H���E�R�U�H�V���D�O�O���K�D�Y�H���W�K�H���S�U�H�I�L�[���¶�*�:�·�� Some of the bores have electronic water level loggers and are 
equipped with telemetry with real time datasets available online2.  

�¶�5�(�*�·���E�R�U�H�V���K�D�Y�H���E�H�H�Q���V�W�U�D�W�H�J�L�F�D�O�O�\���O�R�F�D�W�H�G���D�G�M�D�F�H�Q�W���W�R���V�H�O�H�F�W�H�G���¶�*�:�·���V�H�U�L�H�V���P�R�Q�L�W�R�U�L�Q�J���E�R�U�H�V���W�R���F�U�H�D�W�H���D���S�D�L�U���R�I���Q�H�V�W�H�G���P�R�Q�Ltoring points 
that allow the water level trends within the alluvium and underlying bedrock to be recorded and compared, and the potential influence of 
�P�L�Q�L�Q�J���D�U�H�D�V���D�V�V�H�V�V�H�G�����7�K�H���¶�5�(�*�·���V�H�U�L�H�V���P�R�Q�L�W�R�U�L�Q�J���E�R�U�H�V���Z�H�U�H���R�U�L�J�L�Q�D�O�O�\���L�Q�W�H�Q�G�H�G���W�R���I�R�U�P���S�D�U�W���R�I���W�K�H���%�7�0���F�R�P�S�O�H�[���U�H�J�L�R�Q�D�O���P�Rnitoring 
network. As these bores were located well beyond the mining areas, the intention was they would allow any cumulative impacts that 
propagated via the Permian and into the overlying alluvium to be detected and assessed. Since inception MCCM has taken responsibility 
for monitoring the REG series of bores. While this was not the original intention, for consistency the steps to investigate exceedance events, 
i.e. the TARPs, have been retained within the MCCM GWMP. In the case where exceedances are due to other mines the TARPs provide a 
process for evaluating cumulative impacts from the BTM complex.  

The following additional bores were installed in 2023: 

�ƒ REG15 / REG15A and REG16 / REG16 improve the monitoring network coverage within the alluvial deposit along Maules 
Creek; 

�ƒ REG15 / REG15A and REG16 / REG16A improve the pore pressure monitoring network within the bedrock underlying the 
Maules Creek alluvium and to allow the interconnectivity between the alluvium and bedrock to be evaluated; 
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�ƒ REG4A create additional multi-level nested bores by installing bores adjacent to existing sites at different depths;  

�ƒ WRD1 and WRD2 provide shallow water table monitoring sites adjacent to the out of pit emplacement to measure water quality 
trends;  

�ƒ BCM04 and BCM05 determine the presence of water table along Back Creek which will provide input to Groundwater Dependent 
Ecosystem (GDE) monitoring;  

�ƒ REG15A, REG16A, BCM04, and BCM05 assess groundwater and surface water interactions along Back Creek and Maules 
Creek; and  

�ƒ RB05B and REG10B provide water level measurements from open standpipe monitoring bores to verify the pore  

�ƒ �S�U�H�V�V�X�U�H�V���U�H�F�R�U�G�H�G���E�\���V�H�O�H�F�W�H�G���9�:�3�·�V���� 

The GWMP lacks a figure that shows the current consolidated groundwater monitoring network. A table of the 45 active 
monitoring bores are listed in Table 6-1 and Figure 6-1 shows the existing groundwater monitoring network.  
Consisting of monitoring bores 21 alluvium, 1 weathered overburden, 8 volcanics, 15 Permian strata (including coal 
seams).  

In terms of the suitability of the network, there are spatial data gaps in the following areas:  

�ƒ Further information or data is required to measure or confirm the potential connections between MCCM and the 
alluvial groundwater system north of MCCM where coal seams sub crop beneath the Maules Creek alluvium. 
There are no monitoring bores in this area further west of GW967138_1 and GW967138_2. This is needed to 
confirm water levels, geology extent and thickness, or water quality analysis. This would improve or confirm the 
understanding for a connection or disconnection between the Maules Creek alluvium and the Permian strata. 

�ƒ Further monitoring of the alluvium in the area described above would assist in supporting the conceptualisation 
and modelling of the two layers to represent the full thickness of the alluvium, being Layer 1 being the Narrabri 
alluvium, and Layer 2 being the Gunnedah alluvium. There is minimal information provided to support the 
stratigraphic differentiation, and the permeability parameters assigned. 

�ƒ Further data or supporting information is required to support the concept that the Narrabri alluvium is laterally 
connected to the weathered zone, while the Gunnedah alluvium is laterally disconnected, limiting flow to the 
vertical direction through sub-cropped coal seams.  

�ƒ Multi-level monitoring extending through both the alluvium and the coal measures, is limited to two sites within 
the vicinity of the Project REG02 and GW041027, REG01 and GW967138. The installation of additional multi-
level monitoring bores would improve the data set to support the conceptualisation, particularly in the area of the 
sub cropping coal seams. Further detail is required on vertical groundwater elevation differences and temporal 
water level trends, to demonstrate the hydraulic separation. 

�ƒ Monitoring of the weathered zone is limited and is currently undertaken by only one monitoring bore. Monitoring 
of the weathered zone between the MCCM and Maules Creek alluvium is required. Greater monitoring is needed 
as the weathered zone was identified as the primary pathway for lateral groundwater flow from the alluvium. 
Currently there is limited data on the hydraulic properties and water quality of the regolith or weathered zone, 
to support the conceptualisation. 

�ƒ Further monitoring of the weathered zone in the area described above is needed to support the assumption that 
lateral flow from the alluvium is limited by the regolith thickness and the disconnection between the Permian 
strata and other layers. These features and boundary conditions may underestimate connectivity, flow paths and 
drawdown predictions. 

�ƒ Greater monitoring bores will assist in assessing the groundwater baseflow to both Maules Creek or Back Creek. 
Further information or data is required to address the environmental impact or groundwater assessment report.  
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All alluvium monitoring bores should be drilled through the full thickness of the alluvium and not partially through the 
alluvium. This will ensure the monitoring bores define the full thickness of alluvial sediments, captures the complete 
saturated profile of the aquifer, avoids underestimating groundwater levels or pressure gradients, ensures representative 
water quality sampling and provides critical information to support the connection or disconnection between MCCM and 
the alluvial groundwater system. 

The alluvium monitoring bores should clearly identify the alluvium separation described in the conceptual model and 
groundwater model setup for the Narrabri Formation and Gunnedah Formation. The monitoring program does not 
adequately identify which bores are in the Narrabri Formation or Gunnedah Formation. This is critical to support the 
conceptual and numerical models.  

Table 6-1 Active monitoring locations 

Bore ID Geology Easting Northing  Elevation 
(mAHD) 

Depth 
(mbgl) 

Screen or VWP depth 
(mbgl) 

MAC1280  Permian 226,525 6,616,503 323.5 60 56-59 

BCM01  Alluvium 223,841 6,618,371 273.4 10 6.75 - 9.75 

BCM03  Alluvium 230,085 6,617,546 305 10 6.75 - 9.75 

RB03  Permian 227,947 6,613,635 407.9 324.4 164 / 242 / 289 / 317 

RB04  Permian 228,213 6,614,910 437.5 354 209 / 272.5 / 309 / 339 

RB05A  Permian 228,065 6,616,810 328.4 245.3 239 - 245 

RB05  Permian 228,071 6,616,813 328 382 107 / 231 / 280 / 382 

REG1  Permian 226,946 6,622,396 286.2 255.2 118.7 / 134.5 / 193.5 / 281.5 

GW967138_1  Alluvium 227,001 6,622,422 313.6 82.5  

GW967138_2  Alluvium 227,001 6,622,422 313.6 82.5 71 - 77 

REG2  Permian 232,722 6,620,459 317 255.2 60 / 120 / 200 / 260 

GW041027_1  Alluvium 232,730 6,620,523 318.5 18 8.25 - 14.25 

REG3  Volcanics 217,164 6,619,558 241.6 57 50.50 - 56.50 

GW030129_1  Alluvium 217,135 6,619,637 248 24.4 23.2 - 24.4 

REG4  Volcanics 219,323 6,612,763 260 72.5 65.5 - 71.5 

REG5A  Alluvium 220,646 6,609,514 252 22 18 - 21 

REG5  Volcanics 220,649 6,609,521 252.2 78.7 72.2 - 78.2 

REG6  Volcanics 223,100 6,606,534 250.7 96 88.0 - 94.0 

REG7A  Alluvium 233,545 6,605,359 291.7 36 24 - 30 

REG7  Permian 233,543 6,605,348 291.6 255.2 67.5 / 148.2 / 242.5 

REG8  Permian 230,030 6,616,113 341.6 TBC 91.5 / 221 / 274 

REG9  Permian 234,233 6,610,591 346.8 279.2 116.8 / 175.2 / 268 

REG10A  Alluvium 226,717 6,618,260 287.1 10 6.75 - 9.75 

REG10  Permian 226,723 6,618,261 287.1 189.4 55 / 144.2 / 178 / 185.5 

REG12  Volcanics 222,632 6,617,358 285.6 48.3 38.4 - 44.4 

REG13  Volcanics 219,713 6,611,129 277.1 133 128 - 132 

REG14  Alluvium 225,547 6,602,649 250.2 102 90 - 96 

GW030472_1  Alluvium 225,148 6,602,611 248 101.5 23.8 - 25 
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Bore ID Geology Easting Northing  Elevation 
(mAHD) 

Depth 
(mbgl) 

Screen or VWP depth 
(mbgl) 

GW030472_2  Alluvium 225,148 6,602,611 248 101.5 57.3 - 59.7 

GW030472_3  Alluvium 225,148 6,602,611 248 101.5 94.5 - 101.5 

Roma Windmill  Alluvium 219,058 6,606,417 TBC ~12 TBC 

Roma MB  Alluvium 218,612 6,605,871 TBC 89 TBC 

Brighton Bore 3 Alluvium 219,942 6,604,179 TBC 16.4 12.8 �² 15.8 

Brighton Bore 2 Alluvium 219,194 6,603,840 TBC TBC TBC 

RB05B  Braymont seam 228,057 6,616,825 328 110 106.17 

REG10B  Braymont seam 226,719 6,618,263 289.1 55 42.2 

WRD01  Weathered 
overburden 

226,113 6,617,766 299.5 20 19.9 

BCM04  Volcanics 224,114 6,618,253 276.6 20 17.99 

WRD02  Volcanics 223,575 6,616,826 304.5 50 49.19 

BCM05  
Alluvium 

/weathered 
overburden 

226,705 6,618,254 288.9 20 TBC 

REG15  Alluvium 229,249 6,622,349 298.3 <40 28.82 

REG15A  Permian coal 
measures 

229,249 6,622,349 298.3 100 58.96 

REG16  Alluvium 225,355 6,621,947 280.2 <30 28.37 

REG16A  Permian coal 
measures 225,355 6,621,947 280.2 60 57.44 

REG4A  Alluvium 219,313 6,612,772 260.2 40 37.94 
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6.2. Suitability of monitoring program 

The data collection and methodology should be updated with the latest information provided in the Geoscience Australia 
Groundwater Sampling and Analysis �² A Field Guide 2nd Edition (2024). Including the quality control and quality and 
standard operating procedures. 

Measurement error management needs to be included in the monitoring program. This is required as the measurement 
error for the VWP is considered potentially higher than that for the monitoring bores and possibly in the range of ±5 m to 
10 m (AGE, 2025). This identified range of error is far outside the expected error range for properly functioning VWPs. 
Error ranges should be around ± 0.1 to 0.5 m depending on the sensor type. Measurement error management should be 
included for the electronic pressure transducers/loggers installed since 2014. Error ranges should be around ± 0.005 to 
0.1 m depending on the transducer sensor type. Measurement error management involves sensor selection,  
installation best practices, calibration / verification, error and drift management, data quality assurance,  
understanding target error ranges for acceptable standards.  

Greater multi-level monitoring extending through both the alluvium and the coal measures is required. Currently this is 
limited to two sites within the vicinity of the Project REG02 and GW041027, REG01 and GW967138. However based 
on the above, the assessed VWP measurement error at these sites is significant, potentially affecting confidence in the 
interpretation of vertical hydraulic gradients and connectivity between aquifers. 

REG01, REG10 and GW967138, monitor coal seams between the MCCM and the Maules Creek alluvium. REG10 is 
closer to MCCM and exhibits depressurisation in the deeper seams. This is currently represented in the numerical model, 
albeit to a lesser extent than what is observed. REG01 is a multilevel VWP site adjacent to Maules Creek and NSW 
Government monitoring bore GW967138. The monitoring bore has two sensors at different depths, both located in the 
second layer of the model; consequently, the simulated hydrographs are the same. The model simulates the higher 
groundwater level observed within the alluvial aquifer and a lower pressure within the underlying Permian bedrock, 
indicating a downgradient from the alluvium to the underlying bedrock. At REG01, the different pressures observed within 
the Permian VWP sensors are not well replicated by the model.  

6.3. Triggers and control charts 

There are several bores where trigger thresholds are applied with TBC (see Table 8-4 of the WMP), which is defined as 
less than two years of monitoring. Given the duration of operations at MCCM sufficient monitoring data should now be 
available and the application of TBC is no longer appropriate. 

Further, Section 8.2.3 states The control charting method has not been adopted for metal concentrations as these are typically less 
variable. Dissolved metal concentrations will be compared to the most appropriate ANZECC guidelines depending on the environmental 
value of the monitored hydrostratigraphy, which generally draws water for stock, domestic and irrigation purposes. 

The WMP should specify and define the analytes and values for the appropriate ANZECC guidelines based on beneficial 
use. 

Attachment B of the WMP contains a summary of the water level and water quality time series data including comparison 
of the data against the triggers. These graphs have not been updated since 2021 or 2022. These graphs need to be updated 
to allow for a comparison of recent data against the level and quality triggers. 
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7. Conclusions 

The key risk to groundwater resources in the Maules Creek alluvium is the dewatering and depressurisation from mining 
activities. This dewatering and depressurisation may potentially occur through long term depressurisation within coal seams 
that are targeted by mining (e.g. Braymont seam). Where these coal seams sub-crop beneath the Maules Creek alluvium, 
there is the potential for the coal seam to be in direct connection with the Maules Creek alluvium. Groundwater interaction 
between these two units may occur vertically or laterally.  

The Maules Creek alluvium is conceptualised to have a relatively high hydraulic conductivity and high storage capacity 
(specific yield). The geometry of the underlying Permian strata and coal seams appears to modelled so that there is a 
hydraulic separation between the Maules Creek alluvium and the Permian strata. Under such conditions groundwater 
modelling will generally predict minimal drawdown in the shallow aquifer.  

There is a risk that the alluvial sediments may not have as high a storage capacity as modelled, and that there is a greater 
hydraulic connection between the Maules Creek alluvium and the Permian strata. Under these conditions there is a greater 
probability of greater drawdown and indirect water take from the Maules Creek alluvium than is currently predicted by 
AGE (2025), and hence drawdown within the alluvium may be more extensive than predicted.  
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Education 
�ƒ Bachelor of Applied Science (Honours), Queensland University of Technology, Brisbane, 1996/ 1997. 

�ƒ Bachelor of Applied Science �² Geology, Queensland University of Technology, Brisbane, 1996. 

Memberships 
�ƒ International Association of Hydrogeologists, Member, Australian Chapter. 

Employment history 
July 2018 hydrogeologist.com.au 
 Principal Hydrogeologist / Director  

2012 �² July 2018 Australasian Groundwater and Environmental Consultants Pty Ltd 
 Principal Hydrogeologist/Managing Director 

2009 �² 2012 Independent Consultant 
Senior Hydrogeologist 

2007 �² 2009 BHP Billiton, Olympic Dam Expansion Project 
Senior Hydrogeologist 

2006 �² 2007 Klohn Crippen Berger Ltd 
Senior Hydrogeologist 

2002 �² 2006 Australasian Groundwater and Environmental Consultants Pty Ltd 
 Hydrogeologist 

1997 �² 2002 Queensland Government �² Department of Natural Resources 
 Hydrogeologist 

Skills  
Daniel has over 25 �\�H�D�U�V�·���H�[�S�H�U�L�H�Q�F�H���D�V���D���K�\�G�U�R�J�H�R�O�R�J�L�V�W���Z�L�W�K�L�Q���W�K�H���F�R�Q�V�X�O�W�L�Q�J���� �J�R�Y�H�U�Q�P�H�Q�W���D�Q�G���P�L�Q�L�Q�J���V�H�F�W�R�U�V���� �Z�L�W�K��
hydrogeological exposure within the mining environment in Australia, Asia and North America. He has carried out 
numerous groundwater assessments within underground and open cut mines in Queensland, New South Wales,  
South Australia, Victoria, Papua New Guinea and Laos. His skills include: 

�ƒ conceptualisation, design, supervision and monitoring of groundwater infrastructure; 

�ƒ groundwater supply operations; 

�ƒ seepage investigations; 

�ƒ hydrogeochemical assessments; 

�ƒ conceptual modelling; 

�ƒ numerical modelling (FEFLOW, SEEP/W and MODFLOW);  

�ƒ impact assessment and project approvals; and 

�ƒ project management. 
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Experience 

Environmental licensing: 

Daniel has completed numerous annual groundwater monitoring reviews, borefield performance reports and 
exceedance investigation reports to assist mining companies with regulatory conditions and reporting obligations.  
He also has significant experience in undertaking baseline assessments and bore assessments for coal seam gas companies 
as part of on-going requirements under the underground water impact reports.  

Such reporting requires scrutiny of existing and historical hydrogeological data (water level and water quality)  
and relating this back to the hydrogeological understanding of the site and the impacts of the activity on the groundwater 
regime. Daniel understands that data quality is integral in such assessments to be able to provide good quality advice to 
the clients. Examples of environmental licensing experience are outlined below: 

�ƒ Eloise Copper Mine (QLD), Annual Groundwater Review Reports. Groundwater quality trigger 
development, Exceedance Investigations. 

�ƒ Callide Mine, Annual Groundwater Review Reports. AWL monitoring reports, Groundwater level and quality 
trigger development, Exceedance Investigations. 

�ƒ Mackenzie North, Annual Groundwater Review Reports. AWL monitoring reports, Exceedance 
Investigations. 

�ƒ Progressive Rehabilitation and Closure Plans for Eloise Copper Mine, Callide Mine, Moorvale Mine, Blair 
Athol Mine. 

�ƒ Meadowbrook Project, Underground Water Impact Report. 

�ƒ Norwich Park Mine QLD (BMA), Annual Groundwater Review Report. 

�ƒ Oaky Creek Mine QLD (Glencore), Annual Groundwater Review Report. 

�ƒ Gregory Crinum Mine QLD (BMA), Annual Groundwater Review Report and Borefield Performance Review 
Reports. 

�ƒ Cameby Downs QLD (Yancoal), Annual Groundwater Review Report. 

�ƒ Surat Basin QLD (Arrow Energy), Bore Assessments and Baseline Assessments. 

�ƒ Grassdale Feedlot QLD (Arrow Energy), Bore Condition Report. 

�ƒ Ernest Henry Mine QLD (Glencore), Ernest Henry Mine Borefield Performance Review Reports. 

�ƒ Ernest Henry Mine QLD (Glencore), Mount Margaret Mine Performance Review Reports. 

�ƒ Ernest Henry Mine QLD (Glencore), Ernest Henry Mine and Mount Margaret Mine Trigger Reports. 

�ƒ Lady Loretta Mine QLD (Glencore), Annual Groundwater Review Report. 

�ƒ Numerous Annual Environmental Monitoring Reports for coal mines in NSW. 
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Mining / Extractive industries:  

Daniel has a broad range of experience in coal seam gas, quarrying, coal and metalifferous mines within Australia and 
overseas. His experience includes conceptual model development, design and installation of bores  
(monitoring, production, dewatering and depressurisation), groundwater sampling, hydrochemical assessments and the 
use of analytical and numerical methods to simulate mine activities. Examples of mining / extractive industry experience 
are outlined below: 

�ƒ Eloise Copper Mine, development of a TSF Seepage Management Plan, Groundwater Management Plan, 
Borefield Performance Review Reports. 

�ƒ Dalswinton Sand and Gravel Quarry. Groundwater Impact Assessment. 

�ƒ Wards Well / Lancewood coal project. Project management for the installation of monitoring bores, vibrating 
wire piezometers, dataloggers and collection of groundwater level and quality data to support  
pre-development baseline monitoring. 

�ƒ Wilson Creek Project (Vitrinite Coal), installation of 15 monitoring bores, dataloggers and collection of 
groundwater level and quality data to support pre-development baseline monitoring. 

�ƒ Vulcan Complex Project (Vitrinite Coal), installation of 12 monitoring bores, dataloggers and collection of 
groundwater level and quality data to support pre-development baseline monitoring. 

�ƒ Burrum Heads Sand Quarry (Australian Grazing & Pastoral Co), Groundwater and Surface Water Management 
Plans. 

�ƒ Rocky Gully Sand Quarry (Zanows), Groundwater Impact Assessment. 

�ƒ Olympic Dam SA (BHP Billiton Pty Ltd), Olympic Dam Expansion Project. 

�ƒ Oil Sands Mine, Fort McMurray, Alberta, Canada (Suncor Energy Inc.), Drilling supervision of production 
wellfield and monitoring network. 

�ƒ Surat Basin, QLD (Kokstad Mining), Bore Assessment for Precipice Sandstone Evaporative Brine. 

�ƒ Gregory-Crinum Mine QLD (BMA), surface geophysics and installation of groundwater monitoring bores. 

�ƒ Isis and Gordon Mines, Stradbroke Island QLD (Consolidated Rutile Limited), water management and 
groundwater modelling, construction supervision of monitoring bores and dewatering systems.  

�ƒ Numerous quarry developments within south-east QLD. 
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Water resource assessments: 

Daniel has undertaken numerous groundwater resource assessments throughout Australia, including desktop assessments, 
program design and conceptualisation studies. He has significant experience in drilling and installation of monitoring and 
production bores, pumping tests and sampling. Daniel can develop schedules and strategies for large-scale groundwater 
supply projects and has been involved with large production bore trials and commissioning. An example of water resource 
assessment experience is outlined below: 

�ƒ Central Lockyer Valley Groundwater Model (Lockyer Water Users Forum), Review of supporting technical 
documents to the draft Water Plan. 

�ƒ Goondiwindi Town Water Supply (Goondiwindi Regional Council), Water licence application. 

�ƒ Roma Town Water Supply (Streamline Hydro), Numerical modelling to support a water licence application. 

�ƒ Angoram PNG (UDP Consulting), Town groundwater assessment. 

�ƒ Bauxite Mine, QLD (Bechtel Services (Australia) Pty Ltd), Beneficiation Plant Water Supply. 

�ƒ Clarence-Moreton Basin QLD (Hampton Irrigators), A groundwater supply assessment, design, construction, 
downhole geophysical logging and pumping test analysis. 

�ƒ Surat Basin CMA QLD (Office of Groundwater Impact Assessment), Technical secondment. 

�ƒ Surat Basin QLD (BG-Group), Injection of Associated CSG Water. 

�ƒ Olympic Dam SA (BHP Billiton Pty Ltd), Tailings Dam Water Resource Assessment. 

�ƒ Olympic Dam SA (BHP Billiton Pty Ltd), Trial Dewatering Project. 

�ƒ Lihir Gold Mine North Kapit Stockpile PNG (Lihir Management Company), seepage collection system design. 

�ƒ Lihir Gold Mine PNG (Lihir Management Company), groundwater supply. 

�ƒ Lady Annie QLD (CopperCo Ltd), Construction Water Supply. 

�ƒ numerous groundwater assessments for pastoral and drilling companies within QLD. 

�ƒ Great Artesian Basin Recharge Project (Queensland Government), drilling of monitoring bores and coring for 
chloride profiles, monitoring bore construction and published papers and final report. 

�ƒ �4�X�H�H�Q�V�O�D�Q�G�·�V�� �*�U�R�X�Q�G�Z�D�W�H�U�� �5�H�V�R�X�U�F�H�V�� ���4�X�H�H�Q�V�O�D�Q�G�� �*�R�Y�H�U�Q�P�H�Q�W������ �U�H�J�L�R�Q�D�O�� �D�Q�D�O�\�V�L�V�� �R�I�� �4�X�H�H�Q�V�O�D�Q�G�·�V��
groundwater resource using the DRASTIC methodology. 

�ƒ Great Artesian Basin Bore Audit (Queensland Government), Developed the Great Artesian Basin Bore Audit. 

�ƒ Undertaken baseline assessments and bore assessments within the Surat Basin in accordance with government 
guidelines. 
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Min e site dewatering and depressurisation: 

Daniel has experience in numerous mine site dewatering and depressurisation projects. Of particular note, Daniel was 
involved with the Olympic Dam Expansion Project which considered the feasibility of developing a large open cut mine 
at the existing underground mine in South Australia. The project involved conceptualisation, design / planning and 
construction of deep dewatering bores and depressurisation bores within the open pit area. The bores were operated for 
over 12 months in a trial dewatering system which required planning, construction, commissioning and operation.  
Daniel was involved in all facets of the trial including re-injection of the produced water into a distant limestone aquifer. 
The trial dewatering was incorporated into a three dimensional groundwater flow model (FEFLOW) to assess the 
effectiveness of the trial. Examples of other mine site dewatering experience are outlined below: 

�ƒ Phu Kham, Laos (PanAust), Numerical modelling of TSF embankment and open pit. 

�ƒ Lihir Gold Mine, PNG (Lihir Management Company), Groundwater dewatering modelling and bore network 
optimisation. 

�ƒ Frieda River PNG (PanAust), Open Pit Feasibility Study. 

�ƒ Burton Widening Project QLD (Peabody Energy Australia), Dewatering and Depressurisation Assessment. 

�ƒ Ernest Henry Mine QLD (Ernest Henry), Supervised the designing, tender process, drilling and construction 
of 5 deep test-holes and 2 deep dewatering bores. 

Groundwater impact assessments: 

Daniel has compiled and assisted with numerous groundwater impact assessments for mining operations requiring 
environmental approvals. The assessments typically require collection of baseline data, conceptual model development, 
development of a numerical flow model, prediction of impacts on the groundwater regime, and reporting. Daniel has 
often played a major part in these assessments providing an effective project manager or project director for the 
groundwater studies reporting to the EIS manager. Examples of groundwater impact assessment experience are outlined 
below:  

�ƒ Broadlea Mine, EA amendment Groundwater Impact Assessment (in-progress). 

�ƒ GEMCO Southern Leases Project, Groundwater Impact Assessment (in-progress). 

�ƒ Curragh Bord and Pillar Project, EA amendment Groundwater Impact Assessment. 

�ƒ Rix�V�·���&�U�H�H�N North Continuation Project, EIS Groundwater Impact Assessment (in-progress). 

�ƒ Big Vein South Project, EA application Groundwater Impact Assessment (in-progress). 

�ƒ Vulcan Mine Complex and Vulcan South Project, EA application Groundwater Impact Assessment. 

�ƒ Taronga Tin Mine, EIS Groundwater Impact Assessment (in-progress). 

�ƒ Carborough Downs South Extension Project, EA amendment Groundwater Impact Assessment. 

�ƒ Olympic Dam SA (BHP Billiton Pty Ltd), Olympic Dam Expansion Project. 

�ƒ Aurukun bauxite (Glencore), EIS Groundwater Impact Assessment. 

�ƒ Frieda River PNG (PanAust), EIS Groundwater Impact Assessment. 

�ƒ Moranbah South QLD (Hansen Bailey), EIS Groundwater Impact Assessment. 

�ƒ Rocky Hill Project NSW (R.W. Corkery), EIS Groundwater Impact Assessment. 

�ƒ Taroborah QLD (AARC), EIS Groundwater Impact Assessment. 

�ƒ Broughton QLD (U&D), EIS Groundwater Impact Assessment. 
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Numerical modelling: 

Daniel has individually developed and completed numerous numerical flow models for mines and development activities 
both in Australia and overseas. These models include both finite difference and finite element models including FEFLOW, 
MODFLOW and SEEP/W. In addition to this, Daniel has been involved with a large number of numerical models 
providing conceptual input to the modellers or providing project management and guidance. Examples of numerical 
modelling experience are outlined below:  

�ƒ Moranbah North Extension Project, Numerical modelling to support the Water Dependent Ecosystem 
Management Plan. 

�ƒ Esmeralda Inflow assessment, Numerical modelling of pit inflows to support the preliminary site water 
balance. 

�ƒ Jericho Project, Numerical modelling to support the Underground Water Impact Report. 

�ƒ Roma Town Water Supply (Streamline Hydro), Numerical modelling to support a water licence application. 

�ƒ Phu Kham Mine, Laos (PanAust), Numerical modelling of TSF embankment and open pit. 

�ƒ Ernest Henry Mine QLD (Glencore), Regional modelling and impact assessment. 

�ƒ King Vol Mine QLD (Auctus), Underground Water Impact Report. 

�ƒ Mt Dromedary QLD (GraphiteCorp), Underground Water Impact Report. 

�ƒ Surat Basin QLD (Arrow Energy), Regional CSG Impact Assessment Modelling. 

�ƒ OK Tedi, PNG (OK Tedi Mining Ltd), Sand Stockpile 3D Groundwater Model. 

�ƒ Lady Annie QLD (CopperCo Ltd), Pit Dewatering 3D groundwater model. 

�ƒ Ok Tedi PNG (OK Tedi Mining Ltd), Finite element groundwater pit model. 

�ƒ Olympic Dam SA (BHP Billiton Pty Ltd), EIS groundwater model and pit dewatering. 

�ƒ Waldon Pit WA (Northern Star Resources), Impact assessment of supernatant disposal. 

Training 
�ƒ Professional writing workshop, presented by Professional Writing Australia, 2013. 

�ƒ Apply First Aid and CPR (formerly Senior First Aid), renewed 2024. 

�ƒ Coal Board Medical, renewed 2024. 

�ƒ Generic Mine Induction �² Standard 11 �² Surface Operations, Training in coal mines as set by the Queensland 
Mines Inspectorate, 2024. 

�ƒ 16th Australian Groundwater School, Centre for Groundwater Studies, 1998. 

Publications 
�ƒ Kellett J.R., Ransley T.R., Coram J., Jaycock J., Barclay D.F., McMahon G.A., Foster L.M. and Hillier 

�-���5�����������������´Groundwater Recharge in the Great Artesian Basin Intake Beds, Queensland�µ�����)�L�Q�D�O���5�H�S�R�U�W���I�R�U���1�+�7��
Project #982713. Sustainable Groundwater Use in the GAB Intake Beds, Queensland.  

Conference presentations 
�ƒ �$�X�V�W�U�D�O�D�V�L�D�Q�� �*�U�R�X�Q�G�Z�D�W�H�U�� �&�R�Q�I�H�U�H�Q�F�H�� ������������ �&�D�Q�E�H�U�U�D���� �´Application of trigger levels for groundwater resource 

development�µ. 
 

April 2025 
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ANDREW MACDONALD 
Principal Hydrogeologist 

 

Education 
�ƒ Master of Hydrogeology and Groundwater Management, University of Technology, Sydney, 2010. 

�ƒ Bachelor of Applied Science (Environmental Management), Massey University, New Zealand, 2003. 

Memberships 
�ƒ International Association of Hydrogeologists (IAH), Australian Chapter. 

Training 
�ƒ Applied First Aid and CPR, July 2024 

�ƒ Sonic Health Plus Fitness for Work and Drug & Alcohol, 14 February 2024   

�ƒ White Card Work Safely in the Construction Industry, 2011   

�ƒ Full Manual �'�U�L�Y�H�U�·�V License 

�ƒ Mining Supervisor S1, S2, S3, 2017   

Employment history 
�ƒ July 2024 to Present hydrogeologist.com.au 

Principal Hydrogeologist 

2023 to 2024   Worley Consulting, Brisbane 
      Principal Hydrogeologist 

2021 to 2023   CDM Smith Consulting, Brisbane 
      Senior Hydrogeologist 

2018 to 2021   WSP Consulting, Brisbane 
      Senior Hydrogeologist 

2016 to 2018   SLR Consulting, Brisbane 
      Senior Hydrogeologist 

2014 to 2016   Gilbert & Sutherland Pty Ltd, Brisbane 
      Hydrogeologist 

2012 to 2014   Fluor/SANTOS GLNG Project 
      Environmental Water Specialist 

2011 to 2012   URS Corporation 
      Hydrogeologist 

2008 to 2011   Mighty River Power, New Zealand 
      Geothermal Engineer 

2005 to 2008   Mighty River Power, New Zealand 
      Geothermal Technician 
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Skills 
Andrew is a Hydrogeologist with 20 years of experience in a wide range of groundwater projects in  Australia, specialising 
in hydrogeological investigations in the evaluation and management of  groundwater resources across a number of 
industry sectors including mining, energy and construction.  He has additional expertise in mining hydrogeology, 
project management, conceptualisation and  desktop assessments, risk and impact assessments, aquifer testing and 
characterisation, groundwater  monitoring network design and analytical analysis.  His skills include: 

�ƒ hydrogeological conceptualisation; 

�ƒ groundwater impact assessment and regulatory approvals; 

�ƒ bore field planning, design, commissioning and assessment; 

�ƒ groundwater monitoring and assessment; 

�ƒ drilling supervision and aquifer testing; and 

�ƒ one dimensional (1D) and two dimensional (2D) modelling. 

Experience 
Project Experience �² Mining  
Principal Hydrogeologist | Lake Vermont Northern Extension Project, QLD | Jellinbah Group | 2025   

The project scope of work was to review the 3D groundwater model results and assessed the predicted impacts from 
groundwater drawdown, including impacts on surface water assets. The 3D groundwater model was developed as part 
of the Project approval conditions and the groundwater model results were reviewed to assess predicted drawdown 
impacts.   

Principal Hydrogeologist | Walton Project, QLD | Magnetic South | 2025   

The project scope of work was to review of the existing groundwater monitoring network for the Project approvals. 
The assessment was required to determine if the network provides adequate coverage of potential pathways to receptors.   

Principal Hydrogeologist | Fairhill Coal Mine and Wilton Mine, QLD | Futura Resources | 2025   

The project scope of work was to complete an investigation into consecutive Environmental Authority trigger value 
exceedances.  

Principal Hydrogeologist | Wilton Mine , QLD | Futura Resources | 2025   

The project scope of work was to prepare an Annual Groundwater Monitoring Report and review of the Groundwater 
Monitoring Program to ensure it meets the requirements of EA conditions. 

Principal Hydrogeologist | Washpool Project, QLD | Magnetic South | 2025   

The project scope of work was to review the existing bore network against the current mine plan layout and the 
hydrogeological setting of the Project region to determine a network that provides adequate coverage of potential 
pathways to receptors. 

Principal Hydrogeologist | Meadowbrook Extension Project, QLD | Bowen Basin Coal | 2025   

The project scope of work was to develop an underground water impact report (UWIR) for the Meadowbrook Extension 
Project in central Queensland. The project is an extension of the existing operational Lake Vermont open cut mine 
operated by Bowen Basin Coal Pty Ltd and will consist of an underground longwall mine with a small satellite open cut 
pit. 
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Principal Hydrogeologist | Gemini Project, QLD | Magnetic South | 2025   

The project scope of work was to develop an underground water impact report (UWIR) for the Project. The Project is 
located approximately 150 km to the east of Rockhampton and 8 km west of the town of Dingo. 

Principal Hydrogeologist | Fairhill Coal Mine, QLD | Futura Resources | 2024   

The project scope of work was to assess the groundwater monitoring network for the Project�·�V��Environmental Authority. 
The assessment considered the logic and rationale associated with the proposed monitoring bores.  

Principal Hydrogeologist | Gemini Project, QLD | Magnetic South | 2024   

The project scope of work was to develop an underground water impact report (UWIR) for the Project, on behalf of 
Magnetic South to satisfy the Project regulatory conditions.  

Principal Hydrogeologist | Jellinbah Mine, QLD | Jellinbah Group | 2024   

The project scope of work was to provide input into the closure studies including three dam options which required 
groundwater inflow assessments. The approximate volume of seepage from the environmental dam to the pit was 
�F�D�O�F�X�O�D�W�H�G���E�D�V�H�G���R�Q���'�D�U�F�\�·�V���/�D�Z. 

Principal Hydrogeologist | Gemini Project, QLD | Magnetic South | 2024   

The project scope of work was to develop a groundwater monitoring program to satisfy the Project regulatory conditions.  

Principal Hydrogeologist | Washpool Coal Mine Project, QLD | Magnetic South | 2024   

The project scope of work was to review the existing groundwater monitoring bore network against the current mine 
plan layout and the hydrogeological setting of the Project. The report provided an assessment of whether the existing 
monitoring bore network provided adequate coverage considering contemporary regulator guidelines, environmental 
values, and stakeholder expectations. 

Principal Hydrogeologist | Wilton Coal Mine, QLD | Futura Resources | 2024   

The project scope of work was to investigate the groundwater quality exceedances of contaminate limits in accordance 
with EA Conditions. 

Principal Hydrogeologist |  Lake Vermont Northern Extension Project, QLD | Jellinbah Group | 2024   

The project scope of work was to assess potential groundwater impacts due to the open cut pit extension area associated 
with the Phillips Creek diversion realignment. 

Principal Hydrogeologist | Lake Vermont Northern Extension Project, QLD | Bowen Basin Coal | 2024   

The project scope of work was to complete an Underground Water Monitoring Program to satisfy the Project regulatory 
conditions. The groundwater model results were reviewed to assess the predicted impacts on surface water. 

Principal Hydrogeologist | Vecco Critical Minerals Project, QLD | Vecco Industrial | 2024   

The project scope of work was to develop a groundwater impact assessment to support an application for an 
environmental impact statement (EIS). The report detailed the existing groundwater environment, investigations 
undertaken, a numerical groundwater model and assessment of the potential for groundwater level impacts. 

Principal Hydrogeologist | Central North Extension Project, QLD | Jellinbah Group | 2024   

Annual Groundwater Monitoring Report for the Central North Extension Project t�R���V�D�W�L�V�I�\���W�K�H���F�R�Q�G�L�W�L�R�Q�V���R�I���W�K�H���3�U�R�M�H�F�W�·�V 
Associated Water Licence.  
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Principal Hydrogeologist | Mackenzie North Project, QLD | Jellinbah Group | 2024   

Annual Groundwater Monitoring Report for the Mackenzie North Project t�R�� �V�D�W�L�V�I�\�� �W�K�H�� �F�R�Q�G�L�W�L�R�Q�V�� �R�I�� �W�K�H�� �3�U�R�M�H�F�W�·�V 
Associated Water Licence.  

Principal Hydrogeologist | Caravel Baseline Groundwater Monitoring Plan, WA | Caravel Minerals | 
2024   

The project scope of work was to develop a Groundwater Monitoring Plan (GWMP) which considers the Bindi and 
Dasher Pits, associated infrastructure, and neighbouring environmental receptors, including the Lake Ninan Nature 
Reserve and associated water features. The GWMP was developed  based on the results from the numerical modelling. 
Caravel required a monitoring plan which provided  statistically relevant baseline data for water quality and water levels 
at the proposed project site. The  groundwater monitoring plan was based on existing and proposed monitoring bore 
locations to  support future proposed work and included establishment of a baseline groundwater monitoring  regime to 
include seasonally variability, monitoring frequency and methods.     

Senior Hydrogeologist | Kimberley Mineral Sands Hydrogeological Assessment, WA |  Thunderbird 
Operations | 2023   

Project manager for a hydrogeological assessment supporting the Kimberley Mineral Sands Project. The objective of the 
hydrogeological assessment was to collect, analyse and report data in relation to the environmental setting of the Project. 
The project involved a desktop hydrogeology assessment,  conceptual model development to identify key features and 
develop a description of beneficial uses of  groundwater.   

Senior Hydrogeologist | Hydrogeological Assessment Mt Magnet, WA | Liontown Resources |  2023   

Project manager for a groundwater assessment and investigations to determine the quantity and  quality of available 
groundwater in the vicinity of Mt Magnet, nominally in a 70km radius.   

Senior Hydrogeologist | FMG Mindy South GW Model, Mindy South, WA | Fortescue Metals  Group | 
2023   

Project manager for Mindy South Groundwater Modelling Study (the Project) to Fortescue Metals  Group Limited 
(FMG). Including: Phase 1 Data review and conceptual model development.  Phase 2  Leapfrog and groundwater model 
construction, calibration and sensitivity analysis, presentation. Phase  3 Model predictions, uncertainty analysis and 
impact assessment. Phase 4 Presentation of numerical  model results in the Leapfrog model. Phase 5 Detailed reporting.    

Senior Hydrogeologist | Sth32 Worsley Numerical Model Review | Worsley Alumina, WA | 2023   

�3�U�R�M�H�F�W���P�D�Q�D�J�H�U���I�R�U���D�Q���L�Q�G�H�S�H�Q�G�H�Q�W���P�R�G�H�O���U�H�Y�L�H�Z���D�Q�G���V�H�U�Y�L�F�H�V���L�Q���U�H�O�D�W�L�R�Q���W�R���*�+�'�·�V���U�H�V�S�R�Q�V�H�V���W�R���T�X�H�V�W�L�R�Q�V���I�U�R�P���W�K�H��
Department of Climate Change, Energy, the Environment and Water (DCCEEW) about various potential impacts on 
groundwater and surface water, including drawdown, mounding, acid sulfate soils (ASS) and salinity. 

Senior Hydrogeologist | South32 Extended Hydrogeological Assessment | Worsley Alumina, WA | 
2023   

Project manager for the South32 Worsley Alumina Pty Ltd Joint Venture (South32) with water related  studies 
supporting the Extended Mining Areas called Quindanning and Hotham North Project (the  Project). Including: Phase 1 
Desktop Assessment and Baseline Study. Phase 2 Drilling, Bore Construction and Testing. Phase 3 Modelling, Potential 
Impacts and Final Reporting. 
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Senior Hydrogeologist | Lady Loretta Mine Groundwater Closure Report, Hydrogeology,  Australia | 
Glencore | 2022   

The objective of the Lady Loretta Mine groundwater scope is to characterise the key hydrogeological features of the site, 
represent these in the model domain and consider contaminants of concern in relation to the groundwater at the site. 
To assist in assessing groundwater system response to  mine closure it is necessary to update the hydrogeological 
conceptualisation and the existing numerical groundwater flow model to support CoC fate and transport predictions via 
solute transport  modelling.    

Senior Hydrogeologist | Glencoe Mine Site Water Studies, NT Australia | ERIAS Group | 2022   

Provide advice on the most efficient option/s for collecting site specific data to enable development of a numerical 
groundwater model. Water related studies supporting the Mt Bonnie Oxide Project consists of the following desktop 
assessment and baseline study, drilling, bore construction and testing, modelling, potential impacts and final reporting.    

Senior Hydrogeologist | Brocks Creek Dewatering Strategy - Hydrogeology, NT Australia |  Bacchus 
Resources | 2022   

Complete the NT EPA referral self-assessment and present this and the dewatering strategy to the NT  EPA. To support 
statements relating to any potential for influence of groundwater quality, develop  graphs of select water quality 
parameters to make an order-of-magnitude assessment of the difference between water quality within the pits 
(Alligator and Faded Lily) and relevant groundwater  bores.    

Senior Hydrogeologist | Brocks Creek Dewatering Strategy - Hydrogeology, Australia | VHM  Limited 
| 2022   

Under the Environment Effects Act 1978 VHM is required to prepare an Environment Effects Statement  (EES) to assess 
the potential environmental impacts of the project. The project involved a desktop hydrogeology assessment, conceptual 
model development, numerical groundwater modelling, forward particle tracking and potential Impacts.    

Senior Hydrogeologist | Environmental Impact Statement Response and Groundwater Monitoring 
Plan, Fountain Head Gold Project, NT | ERIAS Group Australia | 2021   

Address comments made from the Department of Environment, Parks and Water Security (DEPWS) regarding 
monitoring groundwater drawdown and mounding. Update the Water Management Plan  (WMP) to incorporate 
groundwater drawdown and mounding triggers. Develop a Trigger Action Plan if the groundwater triggers are exceeded. 

Senior Hydrogeologist | Groundwater Model and Mounding Assessment, Goschen Project, Victoria | 
VHM Limited | 2021   

Develop a conceptual site model and associated numerical model to support a preliminary risk  assessment associated 
with groundwater mounding at the Goschen Project. The objective of the groundwater model is to assess indicative 
impacts associated with seepage from tailings and potential groundwater mounding impacts. 

Senior Hydrogeologist | Bengalla Mine Groundwater Inflow to Open Cut Pit Assessment, Bengalla, 
NSW | Bengalla Mining Company | 2018 - 2021    

Assessment of groundwater inflows to the open cut pits to complete the annual water balance for the  Bengalla Mine 
(Bengalla) Annual Review (AR). Estimates of likely groundwater inflows to the pit were  made using an analytical 
equation-based groundwater flow model.    
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Senior Hydrogeologist | Valeria Project, Emerald, QLD | Glencore Coal Assets | 2020   

As part of the development of a data sourcing strategy and baseline characterisation for groundwater  studies, a census of 
existing landholder groundwater bores and hydraulic tests on the existing  monitoring network was conducted in 2020. 
The purpose of the study was to inform groundwater  conceptualisation for the groundwater impact assessment and 
document pertinent hydrogeological  information.    

Senior Hydrogeologist | Valeria Project, Emerald, QLD | Glencore Coal Assets | 2020   

A review of data collected for the Valeria project relevant to the groundwater studies was conducted, and a gap analysis 
of the available data. Development of a preliminary groundwater sampling plan  considering groundwater interaction 
with surface waters. The analytical suite selected was based on  field investigations to confirm that identified groundwater 
and surface water environmental values and  water quality objectives were not compromised.    

Senior Hydrogeologist | Bayswater North Pit Dewatering Rate Curves, Ravensworth, NSW |  Glendell 
Coal Mine | 2020   

Hydrogeological and geotechnical assessment of the final high wall in the Bayswater North Pit  (Ravensworth East Mine). 
The assessment included an analytical assessment to calculate a range of  dewatering rates over time associated with the 
variance of aquifer parameters and proposed mining  block length and depth.    

Senior Hydrogeologist | Mt Owen West Pit Seepage Bores, NSW | Mt Owen Coal Mine | 2020   

Update and review the existing conceptual site model (CSM) with respect to the additional information  available for the 
West Pit TSF operation and West Pit Tailings Aquifer. Develop a Leapfrog model and  incorporate existing mine void, 
pit shell, groundwater level and Bayswater seam to allow for siting of a  test seepage recovery bore and associated 
monitoring locations for aquifer testing. Analytical  assessment to locate appropriate test production and monitoring bore 
separation distances. Determine bore locations (test production and monitoring), construction details and the 
specifications for aquifer testing.    

Senior Hydrogeologist | Water Management, NSW | Glencore Coal Assets | 2019    

Study of alluvial impacts on key trench and cut off design for levees. To assess the impact and influence that sand and 
�J�U�D�Y�H�O���D�O�O�X�Y�L�X�P���V�R�L�O�V���P�D�\���K�D�Y�H���R�Q���N�H�\���W�U�H�Q�F�K���R�U���F�X�W���R�I�I���G�H�V�L�J�Q���I�R�U���W�K�H���)�D�U�U�H�O�O�·�V�����&�U�H�H�N���D�Q�G���0�L�W�F�K�H�O�O���O�H�Y�H�H�V�������� 

Senior Hydrogeologist | Bulga Coal Mine Extension Project, Bulga, NSW | Glencore Coal Assets |  2019   

Development of a two-dimensional seepage model using SEEP/W for a stability and seepage assessment at the Mt Thorley 
Warkworth/Bulga boundary for a proposed Northern Tailings Storage Facility expansion.    

Senior Hydrogeologist | Groote Eylandt Mining Company (GEMCO) Process Borefield investigation 
and relocation, Groote Eylandt, NT | South32 | 2019   

To assist in selecting potential sites for the relocation of the existing process borefield. A staged  approach for the 
relocation of the existing borefield was conducted, with the initial assessment based  on calculated borefield drawdown 
and interference effects. The second assessment involved  development of several geological sections to assist 
interpretation of the basement topography and  locate potential areas of paleochannel sediments.    

Senior Hydrogeologist | Groote Eylandt Mining Company (GEMCO) Groundwater monitoring  bore 
census, Groote Eylandt, NT | South32 | 2019)   

Hydrogeologist to complete the mine bore census and the status of the in-field groundwater  monitoring locations.    
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Senior Hydrogeologist | Groote Eylandt Mining Company (GEMCO) TSF11 Groundwater Impact  
Assessment, Groote Eylandt, NT | South32 | 2019   

To develop a two-dimensional seepage model using SEEP/W to assess risks associated with seepage  and groundwater 
mounding associated with an embankment rise to TSF11. Outcomes of the  assessment included a descriptive assessment 
of the potential risks to groundwater associated with the TSF development and assessment of the interceptor drain 
performance on mitigating seepage to  the adjacent significant site.    

Senior Hydrogeologist | Groote Eylandt Mining Company (GEMCO) Numerical model  development 
and collation of Existing Data, Groote Eylandt, NT | South32 | 2019   

Complete the data collation review and assess the suitability of the existing datasets, determine the  information gaps, 
and confirm the requirements for additional field investigations.    

Senior Hydrogeologist | Groote Eylandt Mining Company (GEMCO) TSF15 Pre-Feasibility Study,  
Groote Eylandt, NT | South32 | 2019   

Desktop review of available datasets and reports to characterise the local hydrogeology, simulate  mounding impacts (2D) 
on existing groundwater levels at each of the proposed TSF locations,  description of likely fate of transport impacts on 
sensitive receptors and ranking of each proposed  location based on the hydrogeological assessment.    

Senior Hydrogeologist | Groote Eylandt Mining Company (GEMCO) TSF15 Pre-Feasibility Study,  
Groote Eylandt, NT | South32 | 2019   

ASN quarry and TARP assessment. This included a review of available MVT groundwater level  monitoring datasets from 
2016 to 2018. The development of groundwater level trigger values based on the datasets and HARTT analysis. 
The development of a Trigger Action Response Plan and remedial  actions should triggers be exceeded.    

Senior Hydrogeologist | Curragh Coal Mine Expansion Project, Blackwater, QLD | Coronado  Curragh 
| 2019   

Development of a drilling fieldwork plan to complete the installation of the monitoring bores. Including monitoring bore 
locations and target formations, installation methodology and construction requirements, aquifer testing and 
groundwater sampling methodologies and a project schedule with proposed timelines for delivery of key milestones.   

Assessing reference monitoring site locations for Groundwater Dependent Ecosystems (GDEs) and development of a 
GDE monitoring program to improve the understanding of GDE dependence on  groundwater systems around proposed 
pits and monitor potential impacts.     

Senior Hydrogeologist | Cannington Mine, Cannington, QLD | South32 Cannington | 2018   

Refining the hydrogeological understanding of the groundwater systems to improve the mine dewatering strategy.  

Senior Hydrogeologist | New Acland Stage 3 Project Mine Expansion, Oakey, QLD | New Hope Group 
2016 - 2018    

Hydrogeologist for a range of studies being undertaken in response to project approval conditions,  including: monitoring 
bore drilling and construction, aquifer testing, routine monitoring and sampling,  landholder liaison for Make Good 
agreements, and the planning and implementation of farm bore  baseline assessments.     

Senior Hydrogeologist | Sarsfield Expansion Project, Ravenswood, QLD Carpentaria Gold | 2017  

 Hydrogeological assessment and analysis of the Sarsfield expansion project, EA amendment  application, including 
desktop review, groundwater risk assessment and proposed monitoring program.    
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Senior Hydrogeologist | Groundwater Monitoring New Acland Mine, Clarence-Moreton Basin,  
Southeast Queensland, QLD | New Hope Coal | 2016 - 2017    

Report author for six monthly reviews of groundwater monitoring data to identify any environmental  harm related to 
groundwater from mine operations.    

Senior Hydrogeologist | Glencore OCAL Mine Complex Closure, Edgeworth, NSW | Glencore |  2016   

Hydrogeological assessment and analysis of the Detailed Mine Closure Plan for the entire Oceanic Coal  Australia Limited 
(OCAL) Complex, including desktop review, groundwater risk assessment, proposed  monitoring program and 
compiling numerical modelling datasets.   

Hydrogeologist | Boral Quarry Expansion, Gold Coast Quarry, QLD | Boral | 2016   

Desktop review, hydrogeological regime investigation, groundwater impact assessment and reporting.     

Hydrogeologist | Gravel Quarry Groundwater Assessment, Brisbane, QLD | Neilson Group Gravel  
Quarry | 2015   

Report review, including investigation and assessment of groundwater impacts.    

Hydrogeologist | Quarry Groundwater Assessment, Mt Moriah Basalt Quarry, Toowoomba, QLD   

| Private Landholder | 2015   

Desktop review, hydrogeological regime investigation, groundwater impact assessment and reporting.    

Field Hydrogeologist | Glencore Wandoan Project, Wandoan, QLD | Glencore | 2011   

Field hydrogeologist including undertaking landholder bore census, groundwater monitoring network drilling installation 
and water quality analysis.    

Field Hydrogeologist | BMA Goonyella Riverside Mine Expansion, Moranbah, QLD | BMA | 2011   

Field hydrogeologist for the installation of a groundwater monitoring network and site monitoring.   
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Coal Seam Gas    
Senior Hydrogeologist | Groundwater Monitoring Event, APLNG Curtis Island GME, Gladstone  Qld | 
2023   

Project manager for the ConocoPhillips (CoP) 2023 Groundwater monitoring event (GME) at the  Australia Pacific 
Liquified Natural Gas (LNG) Facility (the Facility) on Curtis Island. The GME formed part  of an ongoing, proactive 
groundwater monitoring and management program (GMMP, 2018) that has  been implemented at the Site.    

�6�H�Q�L�R�U���+�\�G�U�R�J�H�R�O�R�J�L�V�W���_���6�K�H�O�O���4�*�&���3�R�Q�G���6�H�H�S�D�J�H���'�H�W�H�F�W�L�R�Q���%�R�U�H�����6�K�H�O�O���4�*�&�·�V���&�H�Q�W�U�D�O�����'�H�Y�H�O�R�S�P�H�Q�W��
Area, Miles Qld | 2023    

Project manager for the Shell QGC with water related studies supporting the pond seepage detection  bore network. 
Including a detailed assessment for water present within the seepage monitoring bores  to determine the likely water 
source. The seepage detection bore network was installed in Q4 2022.  The network is installed southeast of Miles, 
Queensland around ponds called Berwyndale South Pond  4, Kenya Large, Rhynie, Orana 1, Condamine Power Station 
Pond 1 and Condamine Power Station Pond 2.    

Senior Hydrogeologist | Coal Seam Gas landholder bore baseline assessments, Bowen Basin, QLD | 
Galilee Energy | 2018 - 2021   

�$�Q�Q�X�D�O���S�O�D�Q�Q�L�Q�J���D�Q�G���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���*�D�O�L�O�H�H���(�Q�H�U�J�\�·�V���%�D�V�H�O�L�Q�H���$�V�V�H�V�V�P�H�Q�W���3�U�R�J�U�D�P�����%�$�3�����D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���*�D�O�L�O�H�H��
Energy Basin tenement ATP 2019.     

Senior Hydrogeologist | Coal Seam Gas Hydrogeological Services, Brisbane, QLD | SANTOS | 2018   

Preparation and submittal for groundwater monitoring and extraction data to the Office of  Groundwater Impact 
Assessment (OGIA).   

Hydrogeologist | Coal Seam Gas Upstream Plant Construction, Surat Basin, QLD | Fluor Santos  GLNG 
| 2012 - 2014   

Assessment including conceptual and analytical model development and environmental impact  monitoring for a 
groundwater construction supply bore network.    

Hydrogeologist | CSG Beneficial Reuse, Surat Basin, Dalby, QLD | Arrow Energy | 2011   

Coal Seam Gas water treatment and beneficial reuse groundwater assessment including monitor bore  installation, 
permeability testing, groundwater modelling, long term monitoring.   
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Groundwater Resources and Management    

Principal Hydrogeologist | CSBP Albany Fertiliser dispatch Depot Site, WA | Wesfarmers  Chemicals, 
Energy and Fertilisers | 2024   

The project scope of work was to develop a comprehensive options study report for the permanent  treatment of 
phosphorus and nitrogen contamination of stormwater runoff from the Albany fertiliser  dispatch depot site. 
The objective of the hydrogeological assessment was to collect, analyse and report data in relation to the environmental 
setting of the Project. The project involved a desktop  hydrogeology assessment, conceptual model development to 
identify key features and develop a  description of beneficial uses of groundwater. Numerical modelling and solute 
transport modelling  were completed to support CoC fate and transport predictions via solute transport modelling.    

Principal Hydrogeologist | Groundwater Resource Assessment, QLD | Queensland Government  
Department of Regional Development, Manufacturing and Water | 2024   

The objective of the Groundwater Resource Assessment Implementation Area 1 project was to prepare  a report 
providing a groundwater assessment and impact assessment for Implementation Area 1 of the  Lockyer Valley 
Groundwater Management Area to assess the relevant outcomes and measures. A desktop hydrogeological assessment 
and conceptualisation of the groundwater system was completed  for the Implementation Area 1 of the Lockyer Valley 
GMA for hydrogeological characteristics. Impact  assessment was completed on the conditions required for the 
sustainable management of groundwater in Implementation Area 1 of the Lockyer Valley GMA, and the impacts of 
groundwater  recharge and use on the groundwater flow system that supports them. Including identification of  potential 
impacts, both positive and negative, including consideration of how the take of groundwater  has impacted, and expected 
to impact, groundwater storage, induced recharge, and discharge  processes.   

Senior Hydrogeologist | Mount Rawdon Pumped Hydro Project, QLD | Evolution Mining | 2023   

Groundwater assessment works to inform the Environmental Impact Statement (EIS) for the proposed  Mt Rawdon 
Pumped Hydro Project. Including a substantial groundwater modelling component and geological modelling (Leapfrog), 
groundwater flow modelling, solute transport modelling and water  balance modelling.     

Senior Hydrogeologist | Hydrogeological Assessment for Five Remote Landfill Sites, NT | East  Arnhem 
Regional Council | 2022   

The objective of the work was to undertake field investigation and desktop hydrogeological assessment to characterise 
the underlying aquifer systems in proximity to the landfills for  hydrogeological characteristics using available datasets 
and information.  The purpose was to inform  environmental management planning, hydrogeological studies were 
completed on five landfill sites.    

Senior Hydrogeologist | Former Caltex Depot Kingaroy (Site ID: 11715) Groundwater  Remediation 
Action Plan (RAP), QLD | Ampol Australia Petroleum Limited | 2021   

Analytical groundwater simulation using the software AnAqSim was developed to simulate pumping and remedial 
scenarios to the aquifer system, providing indicative results to inform the ROA and risk assessment.   

Senior Hydrogeologist | Sydney Water Corporation in partnership with D4C, NSW | D4C | 2021  

Calculate groundwater inflows into trench and excavation in accordance with the Sydney Water  Planning and Design 
Guideline titled Ground Water Management Working Draft, May 2020. A set of  steady-state analytical solutions of 
groundwater inflows to open excavation or trench were used for  estimate of rates of groundwater flows during the 
project work timeframe. The solutions use a 2- dimensional steady state analysis. This analytical equation-based 
methodology is suitable for minor and moderate groundwater interactions.    
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Senior Hydrogeologist | Finland Road water main replacement Groundwater Assessment,  Sunshine 
Coast, QLD | Unity Water | 2019   

Hydrogeological assessment component for the Finland Road water main replacement project. Slug  testing and 
permeability analysis for monitoring bores was completed and groundwater inflow  estimates into an open trench using 
an analytical model approach. The software package AQTESOLV  was used to analyse transient groundwater flow 
modelling and simulate head contours under  postulated injection scenarios.    

Senior Hydrogeologist | 7 Eleven remediation Wickham, Newcastle, NSW | 7-Eleven Stores |  2019   

Hydrogeological assessment component for the underground petroleum storage system (UPSS)  replacement program 
at the 7-Eleven Wickham Service Station. The software package AQTESOLV was  used to analyse the hydraulic tests and 
analytical equations used to calculate groundwater inflows into  the open excavations.     

Senior Hydrogeologist | Groundwater Inflow Assessment, Melbourne, VIC | South East Water |  2019    

Hydrogeological assessment component of the Pakenham East Branch Sewer. The assessment included calculating 
groundwater inflow rates into trenches using an analytical model approach.    

Senior Hydrogeologist | Numerical groundwater model, Melbourne, VIC | Program Alliance (SPA) 
�´�$�:�3���µ���_�������������� 

A preliminary dewatering design for the excavation and construction works was completed using a 2D  SEEP/W model 
to assess the effectiveness of a horizontal bore to dewater to below the base of the  excavation within a ninety-day period, 
and to predict dewatering discharge rates. An independent  review of the preliminary dewatering design was completed 
by developing a local conceptual  hydrogeological site model, based on the available hydro-stratigraphic information, 
which included  bore completion logs, aquifer test data, and groundwater level information. A local 3D MODFLOW  
groundwater model was then developed for the Mentone site to verify the 2D SEEP/W assessment.    

Senior Hydrogeologist | PFAS groundwater investigations, Katherine, NT | Tindal Air Force Base  2018   

Drilling and bore construction for PFAS investigations. Pumping test analysis and results using the  software package 
AQTESOLV. Well network design using AnAqSim software and analytical equations to determine well spacing and 
network design for a PFAS treatment process.    

Senior Hydrogeologist | Pilot Wells, Oakey, QLD | Oakey Air Force Base | 2018   

Pumping test analysis and results using the software package AQTESOLV. Well network design using  AnAqSim software 
and analytical equations to determine well spacing and network design for a PFAS  treatment process.    

Senior Hydrogeologist | EIS MIM Landfill Expansion, Mount Isa, QLD | Mount Isa Mines | 2018   

Hydrogeological assessment of existing landfill site, detailed risk assessment for landfill expansion area  and assessment 
of environmental values.   

Senior Hydrogeologist | Impact Assessment Report, Rushes Creek, NSW | Proten | 2016   

Groundwater assessment and potential groundwater impact report for the Preliminary Environmental  Assessment 
(PEA).    

Hydrogeologist | Groundwater Monitoring Program Assessment, Braddon, ACT | SESL Australia |  
2015   

Review and report on groundwater monitoring program objectives and historic water quality results for a contaminated 
groundwater site.    
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Hydrogeologist | UCG Investigation, Gold Coast, QLD | Gilbert & Sutherland | 2014 - 2016   

Underground Coal Gasification groundwater impact assessment including hydrogeological evaluation  and technical 
reporting.    

Hydrogeologist | Groundwater Impact Assessment, Armidale, NSW | URS | 2011   

Hydrocarbon contaminated land impact assessment, groundwater monitoring and reporting.    

Geothermal    

Senior Hydrogeologist | Geothermal Assessment, Pacific Dunes, QLD | Pacific Dunes Golf Course| 2019   

Geothermal assessment and characterisation of the local hydrostratigraphy at the Pacific Dunes site to  describe the aquifer 
parameters, aquifer yields, aquifer water quality and regional geothermal gradient.    

Engineer / Operator | Geothermal exploration and operational steam field monitoring and testing, 
Taupo, New Zealand | Mighty River Power | 2005 - 2011   

Exploration and resource assessment for geothermal fields named Mokai, Rotokawa, Kawerau and Nga  Awa Purua. 
Including well test design, wire line logging, completion testing, output testing, production  testing, drill stem testing, 
tracer testing, field and resource compliance monitoring, database management, telemetry installation, 
project management, data management and interpretation, detailed technical reporting. Rotokawa Geothermal Power 
Station operator. 
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Peer review of Social Impact Assessment  
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Disclaimer 
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EXPERT ADVICE REGARDING the IMPACTS on THREATENED 
ECOLOGICAL COMMUNITIES of the MAULES CREEK 

CONTINUATION PROJECT 

1. Statement of expertise 

I (Wendy Hawes) am a qualified Ecologist with a Bachelor of Science and Master of Science 
(prelim) from the University of New England.  As a result of my previous and current 
employment, I have over 32 years�[ experience in flora and fauna survey, assessment and 
provision vegetation management advice on public and private land in NSW.   

I have prepared this report in response to an expert brief provided by Grace Huang, Solicitor 
from the Environmental Defenders Office (EDO), on behalf of the Maules Creek Community 
Council.  In its preparation I have read, understood and complied with Division 2 of Part 31 of 
the Uniform Civil Procedure Rules 2005 (UCPR), and the Expert Witness Code of Conduct 
(Code of Conduct) contained in Schedule 7 of the UCPR.   

In respect the ecological communities in the brief I have the following experience and 
expertise.  Regarding �t�Z�]�š�������}�Æ���z���o�o�}�Á�����}�Æ�����o���l���o�Ç�[�•���Z�������'�µ�u��grassy woodland and derived 
native grasslands critically endangered ecological community (subsequently referred to as 
Box Gum Woodland CEEC) and the threatened species it supports, my experience includes:   

-  participation on the Commonwealth (Cth) Department of Environment, Water, 
Heritage and the Arts (DEWHA) [now Cth Department of Climate Change, Energy, the 
Environment and Water (DCCEEW)] expert panel to establish a threshold definition for 
�t�Z�]�š���� ���}�Æ�� �z���o�o�}�Á�� ���}�Æ�� ���o���l���o�Ç�[�•�� �Z������ �'�µ�u�� �P�Œ���•�•�Ç�� �Á�}�}���o���v���� ���v���� �����Œ�]�À������ �v���š�]�À����
grasslands. 

-  preparing the draft National Recovery Plan for �t�Z�]�š���� ���}�Æ�� �z���o�o�}�Á�� ���}�Æ�� ���o���l���o�Ç�[�•�� �Z������
Gum grassy woodland and derived native grasslands. 

-  numerous on-ground surveys and assessments within the Box Gum Woodland 
ecological community for: 

�ƒ clearing applications and compliance actions under NSW native vegetation 
legislation 

�ƒ compliance actions under the EPBC Act 

-  the presence of the Box Gum Woodland CEEC on a mining development at 
Muswellbrook for DEWHA (now DCCEEW) 

-  identification of high conservation value vegetation on Travelling Stock Routes within 
the Border Rivers Gwydir Catchment Management Authority (CMA) and Lachlan CMA 
areas (now Northern Tablelands and Riverina Local Land Services areas respectively) 
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-  voluntary conservation agreements under NSW Office of Environment and Heritage 
(OEH) Conservation Partnerships Program and NSW Biodiversity Conservation Trust 

-  baseline data and on-going monitoring of Box Gum Woodland CEEC at Ross Hill 
Reserve, Inverell for GWYMAC Landcare Inc 

-  OEH- Central West Native Vegetation Mapping Program  

-  Nandewar Regional Biodiversity Fauna Assessment Survey 

-  Split Rock Dam Stage 1 Upgrade for NSW State Water Corporation 

-  ground-truthing Box Gum Woodland CEEC mapping on the Maules Creek Coal Mine 
Northern Offsets for the Environmental Defenders Office.  

-  co-authorship and/or contribution to publications relevant to the assessment and 
management of this community including: 

�ƒ Nadolny C, Hunter JT and Hawes W (2010) Native Grassy Vegetation in the 
Border-Rivers-Gwydir Catchment: diversity, distribution, use and management. A 
report to the Border Rivers-Gwydir Catchment Management Authority 

�ƒ Nadolny C et al (2003) Grassy Vegetation in North-western NSW and Guidelines 
for its Management for Conservation. Armidale Tree Group, Armidale, NSW 

�ƒ Department of Land and Water Conservation (1999) Interim Guidelines - for 
targeted and general flora and fauna surveys under the Native Vegetation 
Conservation Act 1997. Centre for Natural Resources NSW Dept of Land and 
Water Conservation, Parramatta 

�ƒ Turner K and PL Smith (1996) Guidelines for assessing the significance of native 
vegetation removal on threatened species, populations, or ecological 
communities, or their habitats. Dept of Land and Water Conservation 
publication. 

-  �����À���o�}�‰�u���v�š�� �}�(�� ���s���� �•���Œ�]���•�� �}�v�� �š�Z���� �ZHistory of Box Gum Grassy Woodland�[�� �(�}�Œ�� �š�Z����
Grassy Box Woodland Conservation Management Network. 

-  training government agency field/assessment staff in the identification of Box Gum 
Woodland CEEC including Border Rivers Gwydir, Namoi and Central West CMAs, NSW 
Local Land Services (LLS) and NSW Dept Environment and Heritage, Biodiversity 
Development Assessment Report (BDAR)  

-  participation on CSIRO and NSW Department of Environment Climate Change and 
Water (DECCW now NSW DCCEEW] expert panel to determine benchmarks for native 
vegetation communities, used in the Property Vegetation Planning Tool for the 
assessment of clearing applications and delivery of incentive funding under the NSW 
Native Vegetation Act 2003. 

-  participation on the NSW Department of Planning, Industry and Environment (DPIE 
now NSW DCCEEW) expert reference group for mapping the extent of the NSW White 
Box �t Yellow Box �t ���o���l���o�Ç�[�•�� �Z������ �'�µ�u��grassy woodland and derived native grassland 
CEEC.  
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In relation to Poplar Box Grassy Woodland on Alluvial Plains my experience includes; 

-  numerous on-ground assessments for clearing applications and compliance actions 
under NSW legislation (State Environmental Planning Policy No 46 and Native 
Vegetation Conservation Act 1997). 

-  numerous threatened species assessments under the NSW Threatened Species 
Conservation Act 1995 (known as the 7 Part Test) and Commonwealth Environment 
Protection and Biodiversity Conservation Act 1999 (significance assessment guidelines) 
for clearing and development activities, in relation to this community.   

-  identification of this community and assessments of condition for areas proposed for 
protection under the conservation agreements for the NSW Biodiversity Conservation 
Trust. 

-  training Local Land Services staff in the identification and/or assessment of the open 
forest and woodlands that comprise this ecological community.   

In relation to Grey Box (Eucalyptus microcarpa) Grassy Woodland my experience includes; 

-  On-ground audit of vegetation community mapping of this community for the Namoi 
Catchment Management Authority  

-  identification of this community and assessments of condition on Travelling Stock 
Reserves in the Lachlan Catchment NSW for the Grassy Box Woodland Conservation 
Management Network. 

-  Mentoring/training Biodiversity Conservation Trust staff in the identification of this 
species and community. 

2. Expert brief 

My brief from the EDO was as follows: 

a) Please summarise any key impacts that you predict to arise in relation to the following 
ecological communities as a consequence of the Project, bearing in mind the 
mitigation measures proposed (Ecological Communities): 

Listed under the BC Act  

i. White Box - Yellow Box - ���o���l���o�Ç�[�•�� �Z������ �'�µ�u�� �'�Œ���•�•�Ç�� �t�}�}���o���v���� ���v���� �����Œ�]�À������
Native Grassland in the NSW North Coast, New England Tableland, Nandewar, 
Brigalow Belt South, Sydney Basin, South Eastern Highlands, NSW South 
Western Slopes, South East Corner and Riverina Bioregions Critically Endangered 
Ecological Community (Box Gum Woodland CEEC). 

ii. Inland Grey Box Woodland in the Riverina, NSW South Western Slopes, Cobar 
Peneplain, Nandewar and Brigalow Belt South Bioregions Endangered Ecological 
Community 
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Listed under EPBC Act 

iii. Box �t Gum Grassy Woodland and Derived Grassland (formerly White Box �t 
Yellow Box �t Yellow Box �t ���o���l���o�Ç�[�•�� �Z������ �'�µ�u�� �'�Œ���•�•�Ç�� �t�}�}���o���v���� ���v���� �����Œ�]�À������
Native Grassland) 

iv. Grey Box (Eucalyptus microcarpa) Grassy Woodlands and Derived Native 
Grasslands of South-eastern Australia. 

v. Poplar Box Grassy Woodland on Alluvial Plains 

b) �E�}�š�]�v�P�� �š�Z���� �����(�]�v�]�š�]�}�v�� �}�(�� �Z�•���Œ�]�}�µ�•�� ���v���� �]�Œ�Œ���À���Œ�•�]���o���� �]�u�‰�����š�•�[�� �]�v�� �•�� �ó�X�í�ò�� ������ �����š�U�� �š�Z����
principles at cl 6.7 BC Regulation, and departmental guidance, in your opinion, is the 
Project likely to have a serious and irreversible impact on the Box Gum Woodland 
CEEC?  

c) In your opinion, was the assessment of impacts on the Ecological Communities, as far 
as it relates to your areas of expertise, appropriate and sufficient?  

d) In your opinion, has the assessment adequately considered any cumulative impacts to 
the Ecological Communities arising from the Project?  

e) In your opinion, are the measures proposed as part of the Project to mitigate and 
avoid impacts to the Ecological Communities adequate?  Are there any additional and 
appropriate measures that would minimise those impacts if consent was to be granted 
to the Project? 

3. Background information 

In preparing this report I have reviewed the following documents and reports: 

�x Planning NSW (October 2023): Advice of Biodiversity, Conservation and Science 
���]�Œ�����š�}�Œ���š���� �}�v�� �^�����Œ���š���Œ�Ç�[�•�� ���v�À�]�Œ�}�v�u���v�š���o�� ���•�•���•�•�u���v�š�� �Z���‹�µ�]�Œ���u���v�š�•���t Maules Creek 
Continuation Project (SSD-63428218). Letter. 

�x �����‰���Œ�š�u���v�š�� �}�(�� �W�o���v�v�]�v�P�� ���v���� ���v�À�]�Œ�}�v�u���v�š�� �E�^�t�� �~�E�}�À���u�����Œ�� �î�ì�î�ï�•�� �W�o���v�v�]�v�P�� �^�����Œ���š���Œ�Ç�[�•��
Environmental Assessment Requirements �t Maules Creek Continuation Project (SSD-
63428218). 

�x Department of Planning, Housing and Infrastructure (March 2025) Supplementary 
�W�o���v�v�]�v�P�� �^�����Œ���š���Œ�Ç�[�•�� ���v�À�]�Œ�}�v�u���v�š���o�� ���•�•���•�•�u���v�š�� �Z���‹�µ�]�Œ���u���v�š�•���t Matters of National 
Environmental Significance.  Maules Creek Continuation Project (SSD-63428218/EPBC 
2024/09936). 

�x Department of Planning, Housing and Infrastructure (March 2025) Guidelines for 
preparing assessment documentation relevant to the Environment Protection and 
Biodiversity Conservation Act 1999 (EPBC Act) for proposals being assessed under the 
NSW Assessment Bilateral.  Maules Creek Continuation Project (SSD-63428218/EPBC 
2024/09936). 
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�x Whitehaven (2025) Maules Creek Continuation Project. Environmental Impact 
Statement. Executive Summary, Section 3 Project Description, Section 6 Environmental 
Assessment.  

�x Whitehaven (2025) Maules Creek Continuation Project. Environmental Impact 
Statement. Attachments and Appendices: Attachment 7 Rehabilitation and Mine 
Closure, Attachment 8 Summary of Mitigation Measures, Attachment 15: Serious and 
Irreversible Impact Reports, Appendix A Groundwater Impact Assessment, Appendix C 
Biodiversity Development Assessment Report. 

�x Unwelt (2017) Leard Forest Regional Biodiversity Strategy Stage 2 �t Strategy Report. 
Final. Prepared for the NSW Department of Planning and Environment. 

�x NSW Department of Planning, Industry & Environment (2019) Guidance to assist a 
decision maker to determine a serious and irreversible impact. DPIE publication, Sydney. 

4. Project description 

As described in the Whitehaven EIS (2025), Maules Creek Coal Mine (MCCM) is currently an 
open cut coal mining operation located approximately 17 kilometres north-east of Boggabri 
in New South Wales (NSW).  The Maules Creek Continuation Project (MCCP) proposes the 
expansion of this existing mine.  The Project would involve clearing native vegetation on the 
proposed development footprint associated with the mine activity (676.5 hectares [ha]) and 
clearing and/or temporary disturbance of both native and non-native vegetation for 
construction of a water transfer pipeline (6.4ha).  The proposal also offers a revegetation 
program in the wider landscape involving approximately 2,255ha in three separate 
Landscape Revegetation Zones.  The revegetation initiative proposed is in addition to 
standard biodiversity offset/credit requirements (Whitehaven 2025).  Refer Figure 1. 

�d�Z���� ���/�^�� �~�t�Z�]�š���Z���À���v�� �î�ì�î�ñ�•�� ���o�•�}�� �•�š���š���•�U�� �ZNative vegetation would be progressively cleared 
(over approximately 13 years [2028 to 2040]) and post-mine landforms and Landscape 
Revegetation Zones would be progressively revegetated.  The Project would result in the loss 
of approximately 642 ha of existing native vegetation within the development footprint 
associated with Phases 1 to 3, comprising approximately 49.5 ha of derived native grassland, 
482.1 ha of woodland/forest and 110.4 ha of land undergoing mine rehabilitation.�[���� 

Additionally, in s6.1.1.1 of Appendix C (Premise 2025) the EIS states, when discussing areas 
avoided and/or minimise���� �(�}�Œ�� ���o�����Œ�]�v�P�U�� �ZThe original development footprint associated with 
the mine site was 771.3 ha compared to the final proposed development footprint 682.9ha�[.  
In s7.4.4 Appendix C (Premise 2025) in describing the areas of rehabilitation it talks about the 
additional 656ha area of rehabilitation on the continuation project footprint.   

It is unclear in the EIS why there are these discrepancies in the areas of vegetation to be 
cleared and/or rehabilitated on the project footprint.  If MCCP is unsure of the area to be 
cleared on the development footprint how can an approval authority be sure. 
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FIGURE 1: Maules Creek Continuation Project 
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5. Brief questions addressed 

a) Please summarise any key impacts that you predict to arise in relation to the 
following ecological communities as a consequence of the Project, bearing in mind 
the mitigation measures proposed (Ecological Communities): 

Listed under the BC Act  

i) White Box - Yellow Box - ���o���l���o�Ç�[�•���Z�������'�µ�u���'�Œ���•�•�Ç���t�}�}���o���v�������v���������Œ�]�À�������E���š�]�À����
Grassland in the NSW North Coast, New England Tableland, Nandewar, Brigalow 
Belt South, Sydney Basin, South Eastern Highlands, NSW South Western Slopes, 
South East Corner and Riverina Bioregions Critically Endangered Ecological 
Community (Box Gum Woodland CEEC). 

ii) Inland Grey Box Woodland in the Riverina, NSW South Western Slopes, Cobar 
Peneplain, Nandewar and Brigalow Belt South Bioregions Endangered Ecological 
Community (EEC) 

Listed under EPBC Act 

i) White Box �t Yellow Box �t Yellow Box �t ���o���l���o�Ç�[�•�� �Z������ �'�µ�u�� �'�Œ���•�•�Ç�� �t�}�}���o���v���� ���v����
Derived Native Grassland CEEC (Box-Gum Woodland CEEC) 

ii) Grey Box (Eucalyptus microcarpa) Grassy Woodlands and Derived Native 
Grasslands of South-eastern Australia EEC 

iii) Poplar Box Grassy Woodland on Alluvial Plains EEC 

i) White Box - Yellow Box - ���o���l���o�Ç�[�•�� �Z������ �'�µ�u���'�Œ���•�•�Ç���t�}�}���o���v���� ���v���� �����Œ�]�À������ �E���š�]�À����
Grassland Critically Endangered Ecological Community listed under both NSW and 
Commonwealth legislation (subsequently referred to as Box Gum Woodland CEEC). 

In my opinion, the key impacts arising in relation to Box Gum Woodland CEEC because of the 
Maules Creek Continuation Project (MCCP) are as follows: 

Clearing native vegetation 

In relation to Box Gum Woodland CEEC the MCCP will clear approximately 79.9 ha of Box-
Gum Woodland CEEC listed under the BC Act, of which approximately 21.9 ha is Box-Gum 
Woodland CEEC listed under the EPBC Act (Premise 2025).  This 79.9ha will be removed from 
the mine development footprint.   

According to Appendix C (Premise 2025) 21.9ha of the Box Gum Woodland CEEC identified 
meets the condition criteria for the Commonwealth CEEC listing.  This 21.9ha comprises 
21.5ha of woodland and 0.4ha of derived native grassland.  The consistency of this area with 
the Commonwealth CEEC listing indicates to me that this vegetation is in good condition.   
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This opinion is based in the key attributes that identify the Commonwealth Environment 
Protection and Biodiversity Conservation Act 1999 (EPBC Act) listed community and my 
participation on the expert panel that originally formulated these attributes.  As outlined in 
the DEH (2006) guideline, (refer Appendix 1) these attributes are: 

�x the area must be, or have been previously (in the case of derived grassland), dominated 
or co-dominated by one or more of the following tree species (or hybrids of these 
species with any other Eucalyptus species): white box (Eucalyptus albens), yellow box (E. 
melliodora�•�� �}�Œ�� ���o���l���o�Ç�[�•��red gum (E. blakelyi) [or western grey box (E. microcarpa) or 
coastal grey box (E. moluccana) in the Nandewar bioregion].  

�x it must have a predominately native understorey (i.e. more than 50% of the perennial 
vegetative ground layer must comprise native species).  

�x the area covered by the ecological community (i.e. the patch size) must be greater than 
0.1 hectares (ha) and contain 12 or more native forb species (species that are not 
grasses), including one or more important species as listed in Appendix 2.  

�x if the ground layer does not meet this last criterion (i.e. does not contain 12 or more 
native forb species and one or more important species) then the patch size must be 2ha 
or greater in area AND have an average of 20 or more mature trees per ha, OR natural 
regeneration of the identified dominant overstorey eucalypts. 

Areas which do not meet the above criteria, i.e. the balance of Box Gum Woodland (58ha) on 
the mine development footprint, are not considered to be part of the EPBC Act listed CEEC.  
However, as indicated in the EIS (Premise 2025) the area excluded from the listed EPBC 
community definition above may still be the NSW listed CEEC, White Box �t Yellow Box �t 
���o���l���o�Ç�[�•���Z�������'�µ�u Grassy Woodland and Derived Native Grassland under the (BC Act), as the 
NSW definition of the community is much broader than the EPBC listed CEEC.   

The key difference between these listings is the BC Act listing does not; 

�x require a predominantly native ground layer, and  

�x there is no threshold for the number of native non grass species nor any requirement for 
�Z�]�u�‰�}�Œ�š���v�š�[���•�‰�����]���•���š�}���������‰�Œ���•���v�š�X���� 

For listing under the BC Act, areas with predominately native canopy, dominated by the 
relevant species �~�Á�Z�]�š���� ���}�Æ�U�� �Ç���o�o�}�Á�� ���}�Æ�� ���v���� ���o���l���o�Ç�[�•�� �Œ������ �P�µ�u�•, but with a predominately 
non-native ground layer are included.  In their final determination the NSW TSSC (2020) 
�]�����v�š�]�(�]������ �Zthe need for flexibility to adapt recovery and management priorities to different 
settings and action types�[�U�����v���� �š�Z���Œ���(�}�Œ���� ���]���� �v�}�š�� �Zpropose prescriptive or generic thresholds 
for this purpose�[�X 

The clearing of 79.9ha of Box Gum Woodland CEEC consistent with both the EPBC Act 
(21.9ha) and BC Act (79.9ha) listing will not only remove the plant species which comprise 
the CEEC including threatened plants Dichanthium setosum and Digitaria porrecta, but also 
important habitat elements necessary for the ongoing survival for the entire suite of fauna 
(including threatened species) that are an integral part of the CEEC.  These habitat elements 
include: 



Expert advice re: Threatened Ecological Communities Maules Creek Continuation Project  

 9 

�x more than 79.9ha of feed trees (woodland) which are important for species such as 
koalas, squirrel gliders, yellow bellied gliders, swift parrots, little lorikeets, and regent 
honeyeaters.   

�x tree bark (decorticating, fissured or otherwise) provides important shelter for 
invertebrates and ���}�Œ�����v�[�•�� �o�}�v�P-eared bat and foraging habitat for species such as the 
varied sitella, brown treecreeper and microbats 

�x mistletoes provide important food and/or nesting resources for species including 
painted honeyeater, squirrel glider and regent honeyeater. 

�x tree hollows, in live and dead standing trees, are a necessary requirement for shelter 
and/or breeding of many fauna species including for example the squirrel glider, little 
lorikeet, brown treecreeper, turquoise parrot, masked owl, barking owl, pale headed 
snake, Corbens long-eared bat and yellow-bellied sheath-tailed bat. 

�x fallen logs, provide plant and fungi habitat, animal shelter and breeding sites for 
invertebrates.  As well as important foraging habitat for species including the brown 
treecreeper and grey crowned babbler as well as provide denning sites for spotted-
tailed quoll. 

�x surface rock provides plant habitat, animal shelter, protection from predators, escape 
from bushfires and breeding sites for invertebrates and small reptiles (e.g geckoes small 
skinks).  

�x leaf litter provides plant and fungi habitat, food resources and breeding habitat for the 
numerous invertebrates which provide nutrient recycling services and form the basis of 
the food chain within the CEEC, as well as providing cover/moisture for small reptiles 
(e.g. striped legless lizard) and small mammals (e.g. dunnarts). 

�x native grass and forbs provide shelter and food resources (seeds, flowers and leaves) for 
many fauna species including reptiles and the diamond firetail. 

Consequently, the clearing of 79.9ha of Box Gum Woodland and derived native grassland 
staged or otherwise will potentially result in the death and injury of many fauna species.  It 
will also force those fauna species capable of escaping, or those relocated during vegetation 
clearing, into surrounding areas of already occupied habitat.  This forced 
evacuation/relocation will result in increased inter and/or intra fauna species competition for 
the existing resources in these surrounding areas (i.e. food, shelter, breeding habitat and 
mates).  This in turn will potentially result in further fauna deaths from conflict injuries, 
starvation, stress and increased disease. 

In recognition of the impacts of vegetation clearing described above, the following key 
threatening processes have been listed under both the NSW BC Act and/or Commonwealth 
EPBC Act:  

�x Clearing of native vegetation - BC Act (NSW TSSC 2001) and Land clearance - EPBC Act 
(TSSC 2001) 

�x Loss of tree hollows - BC Act (NSW TSSC 2007) 

�x Removal of dead wood and dead trees �t BC Act (NSW TSSC 2003) 
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�x Bush rock removal - BC Act (NSW TSSC 1999). 

The MCCP proposes to avoid, minimize and/or mitigate the impact of the loss of 79.9ha of 
Box Gum Woodland CEEC by;  

1 clearly marking the area of vegetation to be cleared.  Clearing and disturbance would 
be restricted to the delineated area and no stockpiling of equipment, machinery, soil 
or vegetation would occur beyond this boundary.  

2 locating the mine development site 200m back from the mapped top bank of Back 
Creek which avoids 2.9ha of CEEC. 

3 staged clearing of the mine development footprint. 

4 timing of vegetation clearing of woodland/forest native vegetation which will be 
undertaken in late summer and early autumn to avoid breeding and/or hibernating 
fauna species (i.e. between 15 February to 30 April), except under exceptional 
circumstances in the first year of mining operations for the project.  So, in the first-year 
vegetation clearing will potentially take place when fauna are breeding and/or 
hibernating significantly increasing the risk of fauna injury and death from clearing 
operations. 

5 staged rehabilitation of the mine footprint. 

6 the existing commitment to establish 544ha of Box-Gum Woodland CEEC on the post-
mine landform (Condition 25 of EPBC Act Approval 2010/5566).  

7 replanting 340.9 ha of species representative of Box Gum CEEC on one or more of the 
3 landscape revegetation zones identified in the EIS to the north/northeast and 
southeast of the mine development footprint and Leard State Forest, and southeast of 
the water transfer pipeline.   

The implementation of Actions 1 and 2 above will assist in maintaining a very small patch 
(2.9ha) as well as other adjoining CEEC remnants from the impacts of clearing.  Mitigation of 
the MCCP relies heavily on rehabilitation of the post mine landscape and replanting of 
species consistent with the component CEEC species on the post mine landscape and within 
the landscape revegetation zones.  I have no doubt Whitehaven will undertake rehabilitation 
and replanting on the mine project site and replanting within the revegetation zones.  But 
what is unknown and highly problematic is whether these plantings will be successful in the 
long term in re-establishing recognizable areas of CEEC.   

In my opinion, all the actions proposed will not mitigate the loss of 79.9ha of currently extant 
mature/old growth CEEC in a predominantly mining/agricultural landscape.  Ecological 
communities are not just a list of flora species, but they are a function of the interaction of 
flora species at all their various stages of growth and maturity with soil biota (vertebrates, 
invertebrates and mycorrhizal fungi), soil type, soil nutrients, local watertables and the suite 
of fauna species adapted to the habitat the community provides.   
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The EIS Appendix C (Premise 2025) states there is approximately 4,090.6ha of extant Box-
Gum Woodland CEEC and 1,518ha of replanted of CEEC in Maules Creek Coal Mine (MCCM) 
existing offset areas (conserved in-perpetuity under conservation agreements).  However, it 
is important to note the offset areas for the existing mine operation are spread across three 
bioregions (Brigalow Belt South, Nandewar and New England Tablelands), with very little of 
this area contiguous with the mine continuation project area.  Areas of Box Gum CEEC 
outside the Brigalow Belt South (where the MCCP is located) are subject to different 
environmental factors [e.g climatic conditions (humidity, temperature, rainfall and wind), 
altitude, soil types, soil nutrient/hydrological regimes].  Consequently, they will naturally 
support a different range of flora and fauna species to that on the mine development 
footprint.  

Additionally, the replanted CEEC on these offset properties is currently only some 10 years 
old, and (as demonstrated by photos in the EIS) it is at best a functionally single aged 
shrubland with limited habitat value (Ausecology Appendix C, 2025).  The limited habitat 
value is due to; 

�x little or no structural diversity (i.e. no tree canopy cover with understorey shrubs and 
tree/shrub regeneration) �t necessary for species including the speckled warbler and 
diamond firetail  

�x no mature feed/nectar producing trees - for species such as the koala and squirrel 
gliders 

�x no mistletoes - for species including the painted honeyeaters and diamond firetail, and  

�x no mature/old growth hollow-bearing trees or dead standing trees �t essential as shelter 
and breeding sites for brown-treecreepers�U�� ���}�Œ�����v�[�•�� �o�}�v�P-eared bat, yellow-bellied 
sheathtail bat and squirrel gliders. 

For replantings to achieve a similar level of condition and habitat value as the 79.9ha of CEEC 
cleared will take a minimum of 100-120 years (which is how long it takes a small tree hollow 
to form) (Gibbons and Lindenmayer 1997, NSW NPWS 1999).  It is unclear in the EIS how long 
Whitehaven proposes to manage the mine rehabilitation site or the landscape revegetation 
zones.  There is also no indication that replanted areas within the revegetation zones will be 
protected in perpetuity.  So, the possibility exists that long before these replanted areas 
reach a similar level of habitat value to the 79.9ha of CEEC to be cleared, Whitehaven could 
sell these revegetation zones and the replanted vegetation potentially could be cleared.  

In 2006, the Commonwealth TSSC estimated that less than 5% of the original distribution of 
Box Gum Woodland remained, but the �Zextent to which remaining examples continue to 
�•�µ�‰�‰�}�Œ�š�� ���Z���Œ�����š���Œ�]�•�š�]���� ���]�}�š���U�� �š�Z���]�Œ�� �]�v�š���Œ�����š�]�}�v�•�� ���v���� �(�µ�v���š�]�}�v�� �]�•�� �µ�v�l�v�}�Á�v�[.  Of the area to be 
cleared for the mine development footprint, 21.9ha meets the condition criteria for the 
Commonwealth listed CEEC and is therefore considered habitat critical to the survival of the 
CEEC (DECCW 2010).   
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As identified by Hunter Eco (2025) there are approximately 44.2ha of Box-Gum Woodland 
CEEC within 1,000 ha surrounding the mine development footprint and approximately 
190.3ha within in the surrounding 10,000ha.  These occurrences are scattered patches that 
lie mostly in a cleared agricultural matrix.  Scattered patches are typical of Box Gum 
Woodland CEEC occurrences in agricultural landscapes and why it is at serious risk of 
extinction.   

Based on the Hunter Eco (2025) figures the removal of 79.9ha of CEEC on the mine 
development footprint will result in a 64% reduction in the CEEC within the surrounding 
1,000ha landscape and a 30% reduction in the wider surrounding 10,000ha landscape.  Such 
significant area losses in a predominantly agricultural/mining landscape, of a CEEC which is 
estimated to have less than 5% remaining is untenable.  In the long-time lag between the 
clearing and the proposed replanted vegetation reaching a similar level of condition and 
habitat value it is likely local extinctions of component species will occur.  Additionally, it 
should be noted that there is no guarantee of future success of replantings on the 
revegetation zones nor is it proposed to protect them in-perpetuity. 

Increased fragmentation 

Fragmentation is caused by clearing native vegetation into ever smaller more isolated 
patches (NSW Scientific Committee 2001).  Factors to consider in assessing the impacts of 
fragmentation include the distance between fragments as well as the area of the fragments 
and their shape (NSW Scientific Committee 2001).  Clearing native vegetation increases the 
edge/area ratio of vegetation which in turn increases the impacts of edge effects such as 
changed microclimate (temperature, humidity, wind and light penetration) and susceptibility 
to invasion by non-indigenous species (NSW Scientific Committee 2001). 

According to the EIS (Premise 2025) three patches of Box-Gum Woodland CEEC inside the 
development footprint would be completely removed by the Project.  Two patches would be 
partially removed, decreasing the area of one patch from 2.9ha to 1.2ha and 143.6ha to 
94.1ha for the other.  This is a 58% and 34% reduction respectively for these patches.   

The clearing of 79.9ha of Box Gum Woodland will therefore, and contrary to information 
provided in the EIS (Premise 2025), further fragment the CEEC by removing patches on the 
mine development site and significantly reducing the size of remnant patches of Box Gum 
Woodland CEEC along Back Creek and in adjoining areas of Leard State Forest to the east.  

Landscape connectivity can be considered as, the configuration of suitable habitat within a 
landscape, that allows for the movement of species across hostile areas of non-habitat (e.g. 
open cut mine voids and haul roads).  A high level of connectivity is important to the 
maintenance of healthy ecosystems and biodiversity, as it facilitates dispersal/interaction of 
species and the exchange of genetic material across the landscape.   
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Landscape connectivity can be continuous (corridors) or discontinuous (paddock trees and/or 
vegetation patches that �����š�� ���•�� �Z�•�š���‰�‰�]�v�P-�•�š�}�v���•�[�� �����š�Á�����v�� ���Œ�����•�� �}�(�� �Z�����]�š���š�•.  The 
connectedness of any landscape is dependent upon individual species�[ movement abilities, 
the distance between remnants and the character of the intervening matrix (Doerr et al 
2010).  For example, discontinuous corridors (stepping�tstones) are unlikely to be suitable for 
small, less mobile species dependent on continuous habitat cover for protection against 
predation and desiccation (Dendy 1987) such as small birds, mammals, reptiles and 
amphibians.  But habitat stepping-stones often facilitate the movement of more mobile 
species including medium to large birds, mammals and reptiles. 

Under the MCCP the remaining patches of the CEEC (woodland, derived grassland) along 
Back Creek to the north and Leard State Forest to the east outside the disturbance footprint 
would remain.  Patches of remnant CEEC within these areas will still be connected by other 
treed and native grassland communities, so while connectivity will be significantly reduced by 
the MCCP through the loss of 676.6ha of native vegetation that includes 79.9ha of CEEC on 
the mine development footprint, remnant patches the CEEC itself within the remaining 
landscape will not be further isolated.  

Increased edge effects 

Edge effects are the changes in microclimate and that occur in adjoining remnant vegetation 
as a result of clearing and fragmentation.  These effects include changes to the abiotic 
factors, such as humidity, temperatures, sunlight, rainfall and wind penetration.  These 
changes in microclimate:  

�x result in detrimental changes to the habitat value of the adjoining uncleared vegetation 
for many resident native plants and animals  

�x are known to increase the potential for weed invasion, and  

�x increase feral predation (by cats and foxes) due to improved access (Rowley et al 1993, 
May and Norton 1996). 

The distance these changes in microclimate penetrate into adjoining intact vegetation will 
�À���Œ�Ç�� �����‰���v���]�v�P�� �µ�‰�}�v�� ���v�� �]�v���]�À�]���µ���o�� �•�‰�����]���•�[�� �•���v�•�]�š�]�À�]�š�]���•�X�� �� ���µ�š�� �Á�Z���š�� �]�•�� �l�v�}�Á�v�� �]�•�� �š�Z���š�� ���Œ�����•��
impacted by edge effects generally have a different native species composition (flora and 
fauna), have higher weed loads and different abiotic factors to those within the core habitat 
(i.e. areas not affected by edge effects) of a vegetation community (López-Barrera et al 
2007).  Edge effects impacting remaining areas of CEEC adjoining the development footprint, 
because of clearing and fragmentation, will be further exacerbated in this case by mining 
operations.  Mining activities will result in increased noise, dust, vibration and light pollution 
and changed soil hydrological regimes within adjoining areas of remnant CEEC from the 
operation of machinery, movement of people and vehicles, blasting and mine excavation.   
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In recognition of the impact of edge effects have on remnant vegetation the following key 
threatened processes have been listed under both the NSW BC Act and/or Commonwealth 
EPBC Act: 

�x Aggressive exclusion of birds from woodland and forest habitat by abundant Noisy 
Miners, Manorina melanocephala (Latham, 1802) �t BC and EPBC Act 

�x Competition and grazing by the feral European Rabbit, Oryctolagus cuniculus (L.) �t BC 
and EPBC Act 

�x Competition and land degradation by feral goats �t BC and EPBC Act 

�x Novel biota and their impact on biodiversity �t EPBC Act 

�x Loss and degradation of native plant and animal habitat by invasion of escaped garden 
plants, including aquatic plants �t BC and EPBC Act 

�x Predation by feral cats - BC and EPBC Act 

�x Predation by European red Fox (Vulpes vulpes) �t BC and EPBC Act 

�x Predation, Habitat Degradation, Competition and Disease Transmission by Feral Pigs �t 
BC and EPBC Act 

�x Forest eucalypt dieback associated with over-abundant psyllids and Bell Miners �t BC Act 

�x Invasion of native plant communities by exotic perennial grasses �t BC Act. 

According to Premise (2025) the impact of increased edge effects on remnant vegetation 
outside the mine development footprint will be mitigated and managed by the 
implementation of: 

1 erosion and weed management protocols on site 

2 a Noisy Miner control program along remnant habitat edges 

3 dust and noise reduction measures 

4 the use of directional lighting wherever practicable along the edge of the mine site 

5 feral animal control programs, and 

6 vehicle speed limits.  

While these actions will potentially reduce the impacts of some of the edge effects from 
degrading remnant areas of CEEC adjoining mining site, no evidence is provided in the EIS to 
support the efficacy of these actions in maintaining habitat values for flora and fauna.   

Of the actions proposed Actions 1, 2 and 5 are the most likely to be successful in maintaining 
habitat values if implemented.  There is no evidence that Actions 3, 4 and 6 will be effective 
in reducing noise and dust particularly for CEEC remnants adjoining the access road to the go 
line along the northern boundary of the mining pit.  The EIS (Ausecology 2025) indicates that 
vehicle movements along the northern access road to the go line will be in the order of 350 
vehicle movements per day, each of which will generate dust, noise and vibration.  The 24-
hour operation of the mine would also indicate that even if directional lighting is used, 
adjoining remnants will still suffer light pollution from 24hr lighting, as well as from vehicle 
lights moving around the mining pit and along the northern access track. 

https://www.dcceew.gov.au/environment/biodiversity/threatened/key-threatening-processes/novel-biota-impact-on-biodiversity
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In fact the EIS (Premise 2025) states that �ZNoise modelling has been undertaken by specialist 
noise consultants RWDI Australia Pty Ltd (RWDI, 2025) for the Project and it shows that the 
amount of noise would increase mainly due to a greater number of mining trucks and 
equipment (to reflect the increase in ROM [Run of Mine] coal mining rate proposed and 
increasing open cut pit extent), but also extend into the eastern part of the State Forest. The 
same assessment shows a similar outcome for blasting emissions.�[  According to the EIS 
(Whitehaven 2025) there is potential for two blasts per day which according to the EIS 
(Premise �î�ì�î�ñ�•���Zwould also have impacts on individual animals however these impacts would 
be mitigated by the weekly average number of blasts reaching the same (i.e. altogether 
blasting may occur twice in a day, the average of four a week would remain)�[.  It is difficult to 
see how on-going blasting and 24hr vehicle movements will not detrimentally impact the 
habitat values of adjoining CEEC remnants and their faunal components. 

ii) Inland Grey Box Woodland listed under NSW legislation and Grey Box (Eucalyptus 
microcarpa) Grassy Woodlands and Derived Native Grasslands listed under the 
Commonwealth legislation (both subsequently referred to Grey Box Woodland).  
Both communities are listed as Endangered Ecological Communities (EECs) 

In my opinion, the key impacts arising in relation to Grey Box Woodland EEC as a 
consequence of the Maules Creek Continuation Project (MCCP) are as follows: 

Clearing native vegetation 

The MCCP will remove 3.4ha of Inland Grey Box Woodland listed under the NSW BC Act.  This 
3.4ha occurs on the water transfer pipeline approximately 10km to the south of the mine 
development footprint (refer Figure 1) and comprises 0.9ha of woodland and 2.5ha of 
derived native grassland.  Of the 3.4ha of NSW BC Act EEC, 3.0ha comprises Grey Box 
(Eucalyptus microcarpa) Grassy Woodland EEC listed under the EPBC Act.  Which consists of 
0.7ha of woodland and 2.3ha of derived native grassland.  The consistency of this area with 
the Commonwealth CEEC listing indicates to me that this vegetation is in good condition.   

This opinion is based in the key attributes that identify the Commonwealth EPBC Act listed 
community and my experience in this community.  As outlined in the DSEWPaC (2012) 
guideline, (refer Appendix 3) these attributes are: 

�x the most common tree species is, or was previously, Grey Box (Eucalyptus microcarpa), 
and 

�x the area of the ecological community (i.e. the patch size) is at least 0.5ha in size, and 

�x non-grass weeds make up less than 30% of the vegetated ground cover, and 

�x trees cover at least 10% of the patch, and 

�x the patch is bigger than 2ha and there are at least 8 trees/ha that either contain hollows 
or have a diameter >60 cm at 1.3 m above ground level, and  
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�x at least 10% of the plant cover in the ground layer made up of perennial native grass 
species 

OR 

�x if the patch is less than 2ha in size there must be at least 8 perennial native species in 
the mid and ground layers, and 

�x at least 50% of the plant cover in the ground layer is made up of perennial native species 

OR 

�x if the patch is bigger than 2ha but there are less than 8 trees/ha that either contain 
hollows or have a diameter >60 cm at 1.3 m above ground level there must be at least 
20 live trees/ha with a diameter >12 cm at 1.3 m above ground level, and 

�x at least 50% of the plant cover in the ground layer is made up of perennial native species 

OR 

�x if trees cover less than 10% patch, there is evidence that Grey Box trees were once 
common in the patch and 

�x there at least 12 perennial native species in the mid and ground layers, and 

�x at least 50% of the plant cover in the ground layer is made up of perennial native 
species. 

Areas which do not meet the above criteria, i.e. the balance of Grey Box Woodland (0.4ha) 
on the water transfer pipeline, are not considered to be part of the listed Grey Box Woodland 
EEC under the EPBC Act.  However, as indicated in the EIS (Premise 2025) the area excluded 
from the listed EPBC community definition above may still be the NSW listed EEC, Inland Grey 
Box Woodland under the BC Act, as the NSW definition of the community is much broader 
than the EPBC listed EEC.   

The key difference between these listings is the BC Act listing does not specify; 

�x a minimum patch size, or 

�x a predominantly native ground layer. 

The NSW TSSC (2011a) state that at severely disturbed sites the ground layer in the listed 
Grey Box Woodland EEC may be absent and that disturbed remnants are considered to form 
part of the listed community.  

According to Premise (2025), the development footprint associated with the water transfer 
pipeline is 6.4ha.  Of this area 2.4ha (37%) traverses cultivated agricultural land which 
Premise (2025) has assessed as Category 1 �t Exempt Land within the meaning of the LLS Act.  
The remainder of the pipeline runs parallel to Rangari Road through 0.2ha of Grey Box 
Woodland which would be underbored to avoid removing mature trees and 2.5ha of derived 
native grassland which would either have pipe laid on the soil surface or be trenched in.  
There is one named waterway, Bollol Creek, which would be traversed by the water transfer 
pipeline.  
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The impacts of clearing as outlined previously for Box Gum Woodland CEEC remain very 
similar for Grey Box Woodland EEC.  Similarly, as stated previously, in recognition of the 
impacts of vegetation clearing on habitat values, the following key threatening processes 
have been listed under both the NSW BC Act and/or Commonwealth EPBC Act:  

�x Clearing of native vegetation - BC Act (NSW TSSC 2001) and Land clearance - EPBC Act 
(TSSC 2001) 

�x Loss of tree hollows - BC Act (NSW TSSC 2007) 

�x Removal of dead wood and dead trees �t BC Act (NSW TSSC 2003) 

�x Bush rock removal - BC Act (NSW TSSC 1999). 

According to the EIS (Whitehaven 2025) it is planned that if the MCCP is approved the water 
transfer line would be constructed and rehabilitated within the first year of commencement.  
Trenching in the pipeline will involve placing the pipeline in an excavated trench 
approximately 0.5m wide by 1m deep (Premise 2025).  The disturbed area would be 
rehabilitated following construction.  According to Premise (2025) when rehabilitation of the 
water pipeline is complete there would be no change to the surface water flows or quality in 
Bollol Creek. 

The avoidance and mitigation measures proposed by Premise (2025) for the clearing of 3.4ha 
of Grey Box Woodland for the construction of the water transfer pipeline include: 

1 clearly mark the area of vegetation to be cleared.  Clearing and disturbance would be 
restricted to the delineated area and no stockpiling of equipment, machinery, soil or 
vegetation would occur beyond this boundary.  

2 underboring trees to avoid the need to remove mature trees.  

3 where trenching is proposed near trees, a tree protection zone would be applied 
consistent with Australian Standard AS4970. The tree protection zone can be 
calculated as twelve times the diameter at breast height of the tree or 1m past the drip 
line of the tree.   

4 installing the pipeline parallel to Rangari Road to avoid further intersection of the 
landscape.  

5 laydown pipeline areas (i.e laying the pipeline on the soil surface) would be 
preferentially located in the lowest quality vegetation available. 

6 pipeline route has been chosen to avoid waterways (the exception being Bollol Creek) 
and locating pipeline laydown areas outside of waterways. 

7 the length of excavated trench that would be open at any one time would be 
minimised during construction of the pipeline, to reduce the risk of fauna becoming 
trapped.  The excavated trench would be inspected daily for trapped fauna. 

Additionally, mitigation includes a proposal to establish/enhance approximately 348.6ha of 
Inland Grey Box EEC listed under the BC Act and Grey Box Grassy Woodland EEC listed under 
the EPBC Act in the landscape revegetation zones.   
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The avoidance and mitigation measures Actions 1 to 7 above will, in my opinion, significantly 
reduce the impacts of clearing for the water transfer pipeline.  The linear nature of the 
clearing, its one off occurrence, its small width (0.5m), the use of underboring, avoidance of 
trenching near mature trees, the location of pipe laydowns in the lowest quality vegetation 
areas and the immediate rehabilitation of the ground layer post construction should, 
providing the above mitigation measures are implemented, ensure that impacts on the 
quality and habitat values (i.e. tree hollows, dead trees and woody debris and bush rock) will 
be retained within patches of remnant Grey Box Woodland EEC.  The exception being the 
immediate pipeline disturbance area. 

In my opinion the proposal to establish/enhance approximately 348.6 ha of Inland Grey Box 
EEC listed under the BC Act and Grey Box Grassy Woodland EEC listed under the EPBC Act in 
the Landscape Revegetation Zones, is somewhat irrelevant to the MCCP proposal.  The 
enhancement of extant Grey Box Woodand within the Revegetation Zones has significant 
merit in the short to medium term.  But given there is no indication of the length of time 
these areas will be managed for conservation outcomes or that these areas will ever be 
protected under Conservation Agreements in-perpetuity, the value as a mitigation action is 
questionable. 

Similarly, as described for Box Gum Woodland, for the proposed replanting of areas of Grey 
Box Woodland EEC to achieve a similar level of condition and habitat value as the 6.4ha of 
EEC cleared will take a minimum of 100-120 years (which is how long it takes a small tree 
hollow to form) (Gibbons and Lindenmayer 1997, NSW NPWS 1999).  Again, it is unclear in 
the EIS how long Whitehaven proposes to manage the revegetation zones, and again there is 
no indication that replanted areas within the revegetation zones will be protected in 
perpetuity.  So, the possibility exists that long before these replanted areas reach a similar 
level of habitat value to the 6.4ha of EEC to be cleared, Whitehaven could sell these 
revegetation zones and the replanted vegetation potentially could be cleared.  

Increased fragmentation 

Refer to the description of fragmentation and connectivity given previously for Box Gum 
Woodland CEEC.  Any fragmentation of the Grey Box Woodland EEC caused by construction 
of the water pipeline will be, providing avoidance and mitigation actions stated in the EIS 
(Premise (2025) are implemented, minimal and temporary in nature.  This is because 
installation of the pipeline is a one-off action and rehabilitation will occur immediately 
following installation. 

In my opinion, the greatest risk posed by the construction of the water transfer pipeline is 
the trenching.  Which, while open, will act as a pitfall trap for small fauna (reptiles, small 
mammals and amphibians).  Grey Box EEC fauna that do become trapped in the trench are 
susceptible to desiccation, drowning, hypothermia, starvation and/or predation.  In my 
opinion, the EIS must provide greater detail as to the length of trench that is open at any 
given time.  Simply stating that the length of excavated trench open at any given time will be 
minimised is not good enough.  Additionally, any areas of open trench must be checked more 
than once per day for trapped fauna.  Without more specification it is highly likely the trench 
will fragment habitat and result in injuries and death of ECC fauna.  
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Increased edge effects 

As described earlier, for Box Gum Woodland CEEC, detrimental edge effects arise from 
clearing and fragmentation of native vegetation.  Similarly, in recognition of the impact of 
edge effects have on remnant vegetation the same key threatening processes listed under 
both the NSW BC Act and/or Commonwealth EPBC Act apply. 

This notwithstanding, it is my opinion, that providing the mitigation measures outlined in the 
EIS (Premise 2015) are applied to the water transfer pipeline development footprint 
including; clearly marking the limits of clearing (exclusion zones), erosion and weed 
management protocols, dust and noise reduction measures and stated mitigation measures 
are implemented then the any negative impacts of increased edge effects on areas of Grey 
Box Woodland EEC will be minimal.   

iii) Poplar Box Grassy Woodland on Alluvial Plains listed as an Endangered Ecological 
Community (EEC) under the Cth EPBC Act. 

In my opinion, the key impacts arising in relation to Poplar Box Grassy Woodland EEC as a 
consequence of the Maules Creek Continuation Project (MCCP) are as follows: 

Clearing native vegetation 

The MCCP will remove 3ha of vegetation that meets the EPBC Act criteria for Poplar Box 
Woodland EEC from the mine development footprint, with a further 0.7ha of EEC ground 
cover removed for the installation of the water transfer pipeline (Ausecology 2025). 

The consistency of these areas with the Commonwealth CEEC listing indicates to me that this 
vegetation is in good condition.  This opinion is based in the key attributes that identify the 
Commonwealth EPBC Act listed community and my experience in this community.  This 
opinion is supported by the DoEE (2019) listing advice for Poplar Box Woodland EEC which 
states, the �Znational listing focuses legal protection on patches of the ecological community 
that are in comparatively good condition i.e. relatively natural�[�X���� 

As outlined by the DoEE (2019) listing advice these attributes are: 

�x the area must comprise grassy woodland to grassy open woodland with a tree crown 
cover of 10% or more at patch scale, and. 

�x a tree canopy must be present (derived grasslands are not included as part of the listed 
community) that shows these features:  

�ƒ tree canopy species are capable of reaching 10 m or more in height, and  

�ƒ Poplar Box (Eucalyptus populnea) must be present as the dominant tree species in 
the canopy, or  

�ƒ where hybrids of Poplar Box with other Eucalyptus spp are present, they should be 
counted as part of the E. populnea component of the tree canopy when assessing the 
previous criterion, and.  
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�x a mid layer (1-10 m) crown cover of shrubs to small trees is low, about 30% or less, and 

�x a ground layer (<1m) ranging from sparse to thick and mostly dominated by native 
grasses, forbs and occasionally chenopods (during extended dry periods) occurs across 
the patch. 

A patch having met the key diagnostic criteria above, must then meet the condition criteria 
outlined in Table 1 below.  These condition criteria are designed to identify relatively good 
quality patches for protection under national environment law (i.e. those of moderate to 
high value) (DoEE 2019).  Category C being the minimum condition criteria for the community 
to be considered part of the EPBC Act EEC.  DoEE (2019) definitions of minimum patch sizes 
for linear remnants along roadsides and Travelling Stock Routes are shown in Appendix 4.  

As stated above the MCCP proposes to remove 3ha of Poplar Box Grassy Woodland EEC in 
good condition from the mine development site and remove a further 0.7ha of ground cover 
within the EEC along the water transfer pipeline.  

The impacts of clearing on the habitat values of Poplar Box Woodland are similar to those 
stated previously for Box Gum Woodland CEEC.  Consequently, in recognition of the impacts 
of vegetation clearing, the following key threatening processes have been listed under both 
the NSW BC Act and/or Commonwealth EPBC Act:  

�x Clearing of native vegetation - BC Act (NSW TSSC 2001) and Land clearance - EPBC Act 
(TSSC 2001) 

�x Loss of tree hollows - BC Act (NSW TSSC 2007) 

�x Removal of dead wood and dead trees �t BC Act (NSW TSSC 2003) 

�x Bush rock removal - BC Act (NSW TSSC 1999). 

The removal of the 3ha on the mine development footprint will involve the operation of all 
four of these key threatening processes.  Which according to MCCP will be mitigated by: 

1 clearly marking the area of vegetation to be cleared.  Clearing and disturbance would be 
restricted to the delineated area and no stockpiling of equipment, machinery, soil or 
vegetation would occur beyond this boundary.  

2 locating the mine development site 200m back from the mapped top bank of Back Creek 
thereby avoiding 137.6ha of Poplar Box woodland. 

3 staged clearing of the mine development footprint. 

4 timing of vegetation clearing of woodland/forest native vegetation which will be 
undertaken in late summer and early autumn to avoid breeding and/or hibernating 
fauna species (i.e. between 15 February to 30 April), except under exceptional 
circumstances in the first year of mining operations for the project.  So, in the first-year 
vegetation clearing will potentially take place when fauna are breeding and/or 
hibernating significantly increasing the risk of fauna injury and death from clearing 
operations. 

5 staged rehabilitation of the EEC on the post mine footprint. 
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TABLE 1: Condition categories and thresholds for the Poplar Box Grassy Woodland on Alluvial 
Plains ecological community. Note the key diagnostic features also apply. Condition Classes A, B 
and C are the defined ecological community (from DoEE 20219). 

 

 



Expert advice re: Threatened Ecological Communities Maules Creek Continuation Project  

 22 

6 revegetation of approximately 1,026.4ha of previously cleared vegetation in Landscape 
Revegetation Zones to the east and south-east of the mine development footprint with 
species characteristic of Poplar Box Woodland EEC.   

The implementation of Actions 1 and 2 above will assist in maintaining 137.6ha adjoining EEC 
remnants from the impacts of clearing.  Mitigation of the MCCP relies heavily on maintaining 
the habitat quality of the remaining 137.6ha of EEC along Back Creek, replanting of species 
consistent with the component EEC species on the post mine landscape and within the 
revegetation zones identified in the EIS.  As identified for Box Gum Woodland CEEC, it is my 
opinion that remnant areas adjoining the mine development footprint will, despite the 
proposed mitigation measures be detrimentally impacted edge effects from by mine 
operations including; dust, noise, vibration, light pollution and air blasts.  

In reference to the proposed replanting, I have no doubt Whitehaven will undertake 
rehabilitation and replanting on the mine project site and replanting within the revegetation 
zones.  But what is unknown and highly problematic is whether these plantings will be 
successful in the long term in re-establishing recognizable areas of EEC.  DoEE (2019) in the 
�o�]�•�š�]�v�P�� �����À�]������ �•�š���š���U�� �]�v�� �Œ���P���Œ���� �š�}�� �š�Z���� �Œ���Z�����]�o�]�š���š�]�}�v�� �}�(�� �u�]�v���� �•�]�š���•�� �(�}�Œ�� �W�}�‰�o���Œ�� ���}�Æ�� �������U�� �Zonce 
vegetation is cleared and topsoil stripped, these areas cannot be recovered to a pre-mining 
state, particularly for open-���µ�š���u�]�v���•�[.   

According to Premise (2025), the development footprint associated with the water transfer 
pipeline is 6.4ha.  Of this area 2.4 ha (37%) traverses cultivated agricultural land which 
Premise (2025) has assessed as Category 1 �t Exempt Land within the meaning of the LLS Act.  
The remainder of the pipeline runs parallel to Rangari Road through 0.7ha of Poplar Box 
Woodland which would be underbored to avoid removing mature trees. 

The avoidance and mitigation measures proposed by Premise (2025) for the clearing of 0.7ha 
of ground cover within Poplar Box Grassy Woodland EEC for the construction of the water 
transfer pipeline include: 

1 clearly mark the area of vegetation to be cleared.  Clearing and disturbance would be 
restricted to the delineated area and no stockpiling of equipment, machinery, soil or 
vegetation would occur beyond this boundary.  

2 underboring trees to avoid the need to remove mature trees.  

3 where trenching is proposed near trees, a tree protection zone would be applied 
consistent with Australian Standard AS4970. The tree protection zone can be 
calculated as twelve times the diameter at breast height of the tree or 1m past the drip 
line of the tree.   

4 installing the pipeline parallel to Rangari Road to avoid further intersection of the 
landscape.  

5 laydown pipeline areas (i.e laying the pipeline on the soil surface) would be 
preferentially located in the lowest quality vegetation available. 

6 pipeline route has been chosen to avoid waterways (the exception being Bollol Creek) 
and locating pipeline laydown areas outside of waterways. 
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7 the length of excavated trench that would be open at any one time would be 
minimised during construction of the pipeline, to reduce the risk of fauna becoming 
trapped.  The excavated trench would be inspected daily for trapped fauna. 

Additionally, mitigation includes a proposal to establish/enhance approximately 1,026.4 ha of 
Poplar Box Grassy Woodland EEC listed under the EPBC Act in the Landscape Revegetation 
Zones.   

The avoidance and mitigation measures Actions 1 to 7 above will, in my opinion, significantly 
reduce the impacts of clearing for the water transfer line.  The linear nature of the clearing, 
its one off occurrence, its small width (0.5m), the use of underboring, avoidance of trenching 
near mature trees, the location of pipe laydowns in the lowest quality vegetation areas and 
the immediate rehabilitation of the ground layer post construction should, providing the 
above mitigation measures are implemented, ensure that habitat values (i.e. tree hollows, 
dead trees and woody debris and bush rock) will be retained within patches of remnant Grey 
Box Woodland EEC.  The exception being the immediate pipeline disturbance area. 

In my opinion the proposal to establish approximately 1,026.4ha of Poplar Box Grassy 
Woodland EEC listed under the EPBC Act in the Landscape Revegetation Zones, is again 
somewhat irrelevant to the MCCP proposal.  As described for the previous Threatened 
Ecological Communities (TECs), replanting of areas of Poplar Box Grassy Woodlands EEC to 
achieve a similar level of condition and habitat value as the 3.0ha of EEC cleared will take a 
minimum of 100-120 years (which is how long it takes a small tree hollow to form) (Gibbons 
and Lindenmayer 1997, NSW NPWS 1999).  It is unclear in the EIS how long Whitehaven 
proposes to manage the revegetation zones, and again there is no indication that replanted 
areas within the revegetation zones will be protected in perpetuity.  So, the possibility exists 
that long before these replanted areas reach a similar level of habitat value to the 3.0ha EEC 
to be cleared, Whitehaven could sell these revegetation zones, and the replanted vegetation 
potentially could be cleared.  As a result, the value of this as a mitigation action is 
questionable. 

Increased fragmentation 

Premise (2025) states that in total three patches of Poplar Box Woodland EEC that overlap 
the boundary of the mine development footprint will be impacted by partial clearing such 
that the patch size would decrease for one patch from 5.7ha to 4.5 ha, 2.3ha to 1.0ha for a 
second patch and 6.6ha to 6.2ha for the third.  This represents losses in area for these three 
remnant patches of 21%, 57% and 6% respectively.  Consequently, and contrary to 
statements in the EIS (Premise 2025), the MCCP will increase the fragmentation of local 
occurrences of this EEC.  

Under the MCCP the remaining patches of the Poplar Box Grassy Woodland EEC along Back 
Creek to the north and Leard State Forest to the east outside the disturbance footprint would 
remain.  Patches of remnant EEC within these areas will still be connected by other treed and 
native grassland communities, so while connectivity will be significantly reduced by the 
MCCP through the loss of 676.6ha of native vegetation that includes 3.0ha of EEC on the 
mine development footprint, remnant patches the EEC itself within the remaining landscape 
will not be further isolated.  
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Any fragmentation of the Poplar Box Grassy Woodland EEC caused by construction of the 
water pipeline will be, providing avoidance and mitigation actions stated in the EIS (Premise 
(2025) are implemented, minimal and temporary in nature.  This is because installation of the 
pipeline is a one-off action. 

As described previously for Grey Box Woodland EEC the greatest risk posed by the 
construction of the water transfer pipeline is, in my opinion, the trenching in.  Which, while 
open, will act as a pitfall trap for small fauna (reptiles, small mammals and amphibians).  
Poplar Box Grassy Woodlands EEC fauna that do become trapped in the trench are 
susceptible to desiccation, hypothermia, starvation, drowning and/or predation.  In my 
opinion, the EIS must provide greater detail as to the length of trench that is open at any 
given time.  Simply stating the length of excavated trench open at any given time will be 
minimised is not good enough.  Additionally, any areas of open trench must be checked more 
than once per day for trapped fauna.  Without more specification it is likely that the trench 
will fragment habitat and result in injuries and death of ECC fauna.  

Increased edge effects 

As described for the previous Threatened Ecological Communities, detrimental edge effects 
arise from clearing and fragmentation of native vegetation.  Similarly, in recognition of the 
impact of edge effects have on remnant vegetation the same key threatening processes 
listed under both the NSW BC Act and/or Commonwealth EPBC Act apply. 

According to Premise (2025) the impact of increased edge effects on remnant vegetation 
outside the mine development footprint will be mitigated and managed by the 
implementation of: 

1 erosion and weed management protocols on site 

2 a Noisy Miner control program along remnant habitat edges 

3 dust and noise reduction measures and  

4 the use of directional lighting wherever practicable along the edge of the mine site 

5 feral animal control programs, and 

6 vehicle speed limits.  

While these actions will potentially reduce the impacts of some of the edge effects from 
degrading the 137.6ha of remnant Poplar Box Grassy Woodland EEC adjoining mining site, no 
evidence is provided in the EIS to support the efficacy of these actions in maintaining habitat 
values for flora and fauna.   



Expert advice re: Threatened Ecological Communities Maules Creek Continuation Project  

 25 

Of the actions proposed Actions 1, 2 and 5 are the most likely to be successful in maintaining 
habitat values, if implemented.  There is no evidence that Actions 3, 4 and 6 will be effective 
in reducing noise and dust particularly for EEC remnants adjoining the access road to the go 
line along the northern boundary of the mining pit.  The EIS (Ausecology 2025) indicates that 
vehicle movements along the northern access road to the go line will be in the order of 350 
vehicle movements per day, each of which will generate dust, noise and vibration.  The 24-
hour operation of the mine would also indicate that even if directional lighting is used, 
adjoining remnants will still suffer light pollution from 24hr lighting, as well as from vehicle 
lights moving around the mining pit and along the northern access track during darkness. 

�/�v���(�����š���š�Z�������/�^���~�W�Œ���u�]�•�����î�ì�î�ñ�•���•�š���š���•���š�Z���š���ZNoise modelling has been undertaken by specialist 
noise consultants RWDI Australia Pty Ltd (RWDI, 2025) for the Project and it shows that the 
amount of noise would increase mainly due to a greater number of mining trucks and 
equipment (to reflect the increase in ROM [Run of Mine] coal mining rate proposed and 
increasing open cut pit extent), but also extend into the eastern part of the State Forest. The 
same assessment shows a similar outcome for blasting emissions�X�[�� �� �������}�Œ���]�v�P�� �š�}�� �š�Z���� ���/�^��
(Whitehaven (2025) there is potential for two blasts per day which according to the EIS 
�~�W�Œ���u�]�•�����î�ì�î�ñ�•���Zwould also have impacts on individual animals however these impacts would 
be mitigated by the weekly average number of blasts reaching the same (i.e. altogether 
blasting may occur twice in a day, the average of four a week would remain)�[�X�����/�š���]�•�����]�(�(�]���µ�o�š���š�}��
see how on-going blasting and 24hr vehicle movements will not detrimentally impact the 
habitat values of adjoining CEEC remnants and their faunal components. 

The above notwithstanding, it is my opinion, that providing the mitigation measures outlined 
in the EIS (Premise 2015) are applied to the water transfer pipeline development footprint 
including; clearly marking the limits of clearing (exclusion zones), erosion and weed 
management protocols on site, dust and noise reduction measures and stated mitigation 
measures are implemented then the any negative impacts of increased edge effects on areas 
of Poplar Box Grassy Woodlands EEC will be minimal.   

Increased Groundwater Drawdown 

As identified in the EIS (Whitehaven 2025) some of the Eucalypt species including yellow box 
(Eucalyptus melliodora) and poplar Box (E. populnea) that will be retained along Back Creek 
are facultative groundwater dependent species.  Both these species are component species 
of the Poplar Box Grassy Woodlands EEC. 

Facultative groundwater dependent species are species that have an infrequent (e.g. during 
periods of drought and low rainfall) or partial dependence on groundwater (Zencich et al. 
2002).  As per the Risk Assessment Guidelines for Groundwater Dependent Ecosystems (Serov 
et al 2012), minor changes to the groundwater regime may not have any adverse impacts on 
facultative GDEs that use groundwater as opportunistically.  But these ecosystems can 
dieback if reduced access to groundwater is prolonged or if the change is too rapid and trees 
are unable to adapt.   
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Facultative ground water dependent species extract water either;  

�x indirectly from the water table via the capillary effect or  

�x from the soil profile immediately above the water table where groundwater has moved 
upwards due to capillary action, i.e. the unsaturated (moist) soil above the water table. 

Modelling by AGE (Whitehaven Section 6, 2025) indicates existing groundwater depths are 
between approximately 10 to 25 m below surface along Back Creek adjacent to the mine 
development footprint. 

The EIS (Whitehaven Section 6, �î�ì�î�ñ�•���•�š���š���•���š�Z���š���Zdrawdown could result in additional stress 
to larger trees associated with the facultative ground water dependent ecosystems during 
prolonged drought conditions, but is not likely to result in the widespread loss of the larger 
trees, or prevent the long-term viability of the dependent ecosystem�[.  The EIS acknowledges 
that in a prolonged drought there could potentially be an impact (i.e. tree death and/or 
dieback) in remnants of Poplar Box Grassy Woodland EEC.  It is therefore difficult to 
understand why in a prolonged drought drawdown, as a result of mining operations, would 
not result in the widespread loss of larger trees or detrimentally impact the long term 
viability of the EEC.  

�������}�Œ���]�v�P�� �š�}�� �š�Z���� ���/�^�� �~�t�Z�]�š���Z���À���v�� �^�����š�]�}�v�� �ò�� �î�ì�î�ñ�•�� �Zany management, monitoring or 
mitigation measures relevant to GDEs would be described in the Water Management Plan�[.  
However, the Water Management Plan is not included in the EIS, so the efficacy of any 
management, monitoring or mitigation actions cannot be assessed by an approval authority. 

b) �E�}�š�]�v�P�� �š�Z���� �����(�]�v�]�š�]�}�v�� �}�(�� �Z�•���Œ�]�}�µ�•�� ���v���� �]�Œ�Œ���À���Œ�•�]���o���� �]�u�‰�����š�•�[�� �]�v�� �•�ó�X�í�ò�� ������ �����š�U�� �š�Z����
principles at cl 6.7 BC Regulation, and departmental guidance, in your opinion, is 
the Project likely to have a serious and irreversible impact on the Box Gum 
Woodland CEEC? 

Serious and irreversible impacts (SAII) are defined in s7.16 of the BC Act as the �Zimpacts on 
biodiversity values as determined under section 6.5 that would remain after the measures 
proposed to be taken to avoid or minimise the impact on biodiversity values of the proposed 
development or activity�[.  Section 6.5 of the BC Act directs the reader to the principles 
prescribed in cl 6.7 of the Biodiversity Conservation Regulation 2017 (BC Reg).  Under cl 6.7 
BC Reg principle (2):  

An impact is to be regarded as serious and irreversible if it is likely to contribute significantly 
to the risk of a threatened species or ecological community becoming extinct because: 

(a) it will cause a further decline of the species or ecological community that is currently 
observed, estimated, inferred or reasonably suspected to be in a rapid rate of decline, 
or 

(b) it will further reduce the population size of the species or ecological community that is 
currently observed, estimated, inferred or reasonably suspected to have a very small 
population size, or 
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(c) it is an impact on the habitat of the species or ecological community that is currently 
observed, estimated, inferred or reasonably suspected to have a very limited 
geographic distribution, or 

(d) the impacted species or ecological community is unlikely to respond to measures to 
improve its habitat and vegetation integrity and therefore its members are not 
replaceable. 

The DPIE Guidance to assist a decision maker to determine a serious and irreversible impact 
(2019) and DEH Serious and Irreversible Impacts website Serious and irreversible impacts | 
Biodiversity Offsets Scheme | Environment and Heritage (accessed July 2025), provide 
information to assessors and decision makers to assist in determining whether a threatened 
species and threatened ecological communities are at risk of serious and irreversible impacts.  
DEH website identifies Box Gum Woodland CEEC as an entity at risk of serious and 
irreversible impacts and Principles (a) or (b) of cl 6.7 BC Reg as relevant to this CEEC.  With 
principal (a) being the relevant consideration for determining SAII for Box Gum Woodland 
CEEC.  In relation the MCCP, is the project likely to cause a further decline of the species or 
ecological community that is currently observed, estimated, inferred or reasonably suspected 
to be in a rapid rate of decline.   

Given that, as detailed in the National Recovery Plan (DECCW 2010), prior to European 
settlement Box Gum Woodlands formed an almost continuous band comprising several 
million hectares from Queensland through NSW into Victoria.  However, since European 
settlement its occurrence on moderate to high fertility soils has resulted in the preferential 
clearing of large areas of this ecological community for urban, industrial and agricultural 
development and/or its modification for pasture improvement and grazing (DECCW 2010).  In 
2007, Australian Government estimated that only 405,000ha (less than 6%) of the original 
several million hectares of this ecological community remained in all its various condition 
states (DECCW 2010).  While in 2006, the Commonwealth TSSC was of the opinion that less 
than 10% of the original extent of Box Gum Woodlands remained (TSSC 2006).  But of that 
remaining 10% only 5% was of sufficient condition and extent to comprise the listed Box Gum 
CEEC under the EPBC Act (TSSC 2006). 

HunterEco (2024) in the assessment of SAII on Box Gum Woodland CEEC for the MCCP 
concluded the following:  

�ZThis assessment has presented evidence to indicate that the impacts of the Project will not 
contribute significantly to the risk of the ecological community becoming extinct in NSW on 
the grounds that: 

�x The ecological community does not have a very limited distribution. 

�x The ecological community has been shown to respond to measures to improve its habitat 
and vegetation integrity. 

�x There is in the order of 16,090,000 ha of Box-Gum Woodland CEEC in NSW meaning that 
the total lost to the Project is 0.0005% of the total occurrence, which would not place 
Box-Gum Woodland CEEC as a whole at risk of extinction. 

�x The Project would not result in isolation of any Box-�'�µ�u���t�}�}���o���v���������������Œ���u�v���v�š�•�X�[ 

https://www.environment.nsw.gov.au/topics/animals-and-plants/biodiversity-offsets-scheme/clear-and-develop-land/serious-irreversible-impacts#determining-serious-and-irreversible-impacts
https://www.environment.nsw.gov.au/topics/animals-and-plants/biodiversity-offsets-scheme/clear-and-develop-land/serious-irreversible-impacts#determining-serious-and-irreversible-impacts
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While I agree with the first dot point, based on the extensive natural distribution of the CEEC, 
I strongly disagree with the next 2 dot points for the following reasons.  

Dot point 2 - is correct only in that the CEEC has been shown to respond to management 
actions such that the habitat values and vegetation integrity of extant degraded remnants 
can be improved (DPIE 2021).  However, there are to my knowledge, no examples of 
successful re-establishment of the CEEC on severely disturbed ground such as back-filled 
mine voids.  In fact, the NSW TSSC (2020) in their final determination state, �Zthe restoration 
of White Box �t Yellow Box �t ���o���l���o�Ç�[�•���Z�������'�µ�u���'�Œ���•�•�Ç���t�}�}���o���v�����}�Œ�������Œ�]�À�������E���š�]�À�����'�Œ���•�•�o���v����
following conversion to cropping is unlikely�[.  It is important to note, that land that has been 
cleared and cultivated for cropping is much less disturbed than back-filled mine voids.  So, if 
restoration is considered unlikely on the cultivated land then it will be even less likely, if not 
impossible, on back-filled mine voids.   

Mitigation for the clearing of 79.9ha of Box Gum Woodland CEEC on the MCCP mine 
development footprint relies heavily on, replanting CEEC species on the post mine landscape 
and within the revegetation zones identified in the EIS, as well as the existing commitment to 
establish 544ha of Box-Gum Woodland CEEC on the post-mine landform (Condition 25 of 
EPBC Act Approval 2010/5566).   

As discussed previously, even on the proposed revegetation zones to achieve a similar level 
of condition and habitat value as the 79.9ha of CEEC cleared (i.e. replanting within existing 
CEEC derived native grasslands) will take a minimum of 100-120 years (which is how long it 
takes a small tree hollow to form) (Gibbons and Lindenmayer 1997, NSW NPWS 1999).  It is 
unclear in the EIS how long Whitehaven proposes to manage the mine rehabilitation site or 
the revegetation zones.  There is no indication that replanted areas within the revegetation 
zones will be protected in perpetuity.  So, the possibility exists that long before these 
replanted areas reach a similar level of habitat value to the 79.9ha of CEEC to be cleared, 
Whitehaven could sell these revegetation zones and the replanted vegetation potentially 
could be cleared.  

The evidence of the timeframes required to achieve many CEEC habitat elements is 
evidenced in the replantings on offset properties for the existing mining operation which are 
protected under existing Conservation Agreements.  The replanted CEEC on these properties 
is currently some 10 years old, and (as demonstrated by photos in the EIS, 2025) it is at best a 
functionally single aged stand shrubland with limited habitat value (Ausecology Appendix C 
2025).  The limited habitat value of these replantings is due to; 

�x little or no structural diversity (i.e. no tree canopy cover with understorey shrubs and 
tree/shrub regeneration) �t necessary for species including the speckled warbler and 
diamond firetail  

�x no mature feed/nectar producing trees - for species such as the koala and squirrel 
gliders 

�x no mistletoes - for species including the painted honeyeaters and diamond firetail, and  

�x no mature/old growth hollow-bearing trees or dead standing trees �t essential a shelter 
and breeding sites for brown-�š�Œ�������Œ�����‰���Œ�•�U�� ���}�Œ�����v�[�•�� �o�}�v�P-eared bat, yellow-bellied 
sheathtail bat and squirrel gliders. 
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In the EIS, Ausecology (2025) proposes to reintroduce some short to medium term 
supplementary habitat features to attract fauna back to these replanted areas, such as:  

�x vertical placement of standing dead hollow-bearing trees (stags)1  

�x installation of glide poles to assist gliders to cross rehabilitation areas 

�x installation of rope bridges from existing habitat to rehabilitation areas 

�x installation of bird perches1 (salvaged from cleared vegetation) to give birds crossing 
replanted areas places to rest, roost and potentially hunt from 

�x reintroduction of fallen timber and hollow logs1  

�x introduction of rock piles 

�x installation of artificial nest boxes, and 

�x transplanting mistletoes.   

However, many of these actions cannot be effective in newly planted areas and/or even 
areas 10-years-old, which are functionally single aged shrublands, as per the existing 
rehabilitation areas.  This is because many of these actions require tree stem diameters of a 
minimum of 20cm or larger to be installed, e.g. transplanting mistletoe and/or installation of 
artificial nest boxes.  While other actions could be installed earlier (e.g. glide poles, rope 
bridges, bird perches and standing stags) but until the replanted areas are of sufficient 
maturity to have habitat value for the species they are intended for, i.e trees are flowering 
and producing nectar (for gliders) and/or habitat for prey species is present (for birds of prey) 
they are unlikely to be successful.  This is because woodland and forest fauna species tend to 
prefer woodland and forest vegetation structures not single aged stand shrublands.  To 
venture into open shrubland areas often places these species at high risk of predation, 
desiccation, hypothermia and/or starvation.   

Of the actions proposed the introduction of fallen timber, hollow logs and rock piles are likely 
to be more effective in the short to medium term.  This is because smaller ground-layer 
and/or grassland dependent species (e.g. skinks, dunnarts and echidnas) can often take 
advantage of quicker growing cover provided by native grasses and shrub/tree saplings, 
providing their food/prey sources are present.  Hence, they can utilize the re-introduced 
shelter/breeding resources e.g. fallen timber, hollow logs and rock piles mush earlier in the 
regrowth cycle.   

The EIS lacks any specificity as to the appropriate timing for the installation of any of the 
supplementary habitat feature proposed above but rather states for all, the anticipated 
�š�]�u�]�v�P�� ���v���� ���µ�Œ���š�]�}�v�� �]�•�U�� �Zfrom commencement of rehabilitation of the Project until 
rehabilitation works are complete�[�� �~���µ�•�����}�o�}�P�Ç�� �î�ì�î�ñ�•.  Which is misleading, as this implies 
the mitigation actions proposed will be effective from the time of installation, which they 
clearly will not.  Paton et al (2004) in proposing rehabilitation of patches of >100ha of cleared 

 

1 Salvaged from cleared vegetation 
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���P�Œ�]���µ�o�š�µ�Œ���o�� �o���v���� �]�v�� �^�}�µ�š�Z�� ���µ�•�š�Œ���o�]���� �(�}�Œ�� �š�Z�Œ�����š���v������ ���]�Œ���� �•�‰�����]���•�� �•�š���š���•�U�� �Zthis restoration 
program will take a 100 or more years to produce self-sustaining woodland habitats that the 
���]�Œ���•�������v���µ�•���[.   

Does the reader and/or the approval authority have to presume that Whitehaven plan to 
manage the rehabilitated mine sites and revegetation zones for 100 years or more, because 
only then is it likely the rehabilitated areas are self-sustaining.  

Dot point 3 �t in 2020 the NSW TSSC estimated there were 15,110,000ha of Box Gum 
Woodland CEEC remaining.  It is important to note this estimate is the area of CEEC based on 
the NSW determination, i.e. Box Gum Woodland in all known condition forms.  However, 
Premise (2025) identified that of the 79.9ha of Box Gum Woodland on the MCCP mine 
development footprint 21.9ha is consistent with the Commonwealth CEEC listing, i.e. in good 
condition.  This is supported by the Commonwealth Approved Conservation Advice (DCCEEW 
2023) which states, the �Znational listing focuses legal protection on patches of the ecological 
community that are the most functional, relatively natural and in comparatively good 
condition�[. 

Hunter Eco (2025) has calculated the area of Box-Gum Woodland CEEC using the NSW State 
Vegetation Type Mapping (SVTM) and the NSW Government Plant Community Type (PCT) 
mapping, as well as the associated assignment of PCTs to the Box-Gum Woodland CEEC.  The 
result of this calculation i�•���Zin the order of 16,090,000 ha of Box-Gum Woodland CEEC in NSW 
meaning that the total lost to the Project is 0.0005% (Hunter Eco 2025).  There are a few 
issues with how the area of 16,090,000ha has been determined, some of which have been 
acknowledged by Hunter Eco and others which have not.  These issues include: 

�x the areas of the mapped PCTs within the NSW SVTM have been computer modelled.  
This means very few areas of NSW and the mapped PCTs have been ground truthed.  
From previous ground-truthing audits of the SVTM mapping undertaken by myself and 
Dr John Hunter, for the Namoi Catchment Management Authority and Combined Hunter 
Councils, the areas of mapped PCTs in the SVTM are often less than 35% accurate.   

�x As identified by Hunter Eco (2025) only a few of the mapped PCTs conform to the NSW 
Box Gum Woodland listing.  There are however a range of PCTs which may, in part, given 
the correct environmental conditions, co-occurrences of species and density of growth 
forms meet the definition of the NSW CEEC listing.  However, the percentage of any area 
of these PCTs conforming to the CEEC description is impossible to determine from the 
mapped polygons.   

�x There is no derived native grassland mapping and given the pre-1750 SVTM is 
incomplete for Box Gum Woodland (Hunter Eco 2025), there is no way to accurately 
determine the current area of Box Gum derived native grasslands.  So, given the above, 
the areas of Extent of Occurance (EOO) and Area of Occupancy (AOO) proffered in the 
Hunter Eco (2025) report are at best guesstimates.  Consequently, the percentage of 
0.0005% total loss of Box Gum Woodland CEEC as a result of the MCCP cannot be 
accepted at face value. 
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�x There are also no mapped condition ratings for the PCTs so there is no way to determine 
whether any of the wooded PCTs within the NSW SVTM comprise the Commonwealth 
Box Gum Woodland CEEC listing and therefore would be classified as having good 
condition. 

Hunter Eco (2025) asserts, based on the EOO map in the report, that the Box Gum Woodland 
CEEC on the MCCP mine development footprint is not at the limit of its distribution.  I 
strongly reject this statement.  Based on my knowledge and experience of the geographic 
distribution of Box Gum Woodland CEEC, but particularly in northern NSW and the Brigalow 
Belt South IBRA region, I know the Box Gum Woodland CEEC on the MCCP mine 
development footprint is at the western edge of its distribution.  This opinion is supported by 
Dr John Hunter (pers com 2025) who also has personal experience of distribution of Box Gum 
Woodland in northern NSW and the Brigalow Belt South IBRA region.  

Further Hunter Eco (2025) has identified that there are approximately 44.2ha of Box-Gum 
Woodland CEEC within 1,000ha surrounding the MCCP mine development footprint and 
approximately 190.3ha within the surrounding 10,000ha.  These occurrences are scattered 
patches that lie in a mostly cleared agricultural matrix.  Based on these figures the removal of 
79.9ha of CEEC on the mine development footprint will result in a 64% reduction in the CEEC 
within the surrounding 1,000ha landscape and a 30% reduction in the wider surrounding 
10,000ha landscape.  Such significant area losses in a predominantly agricultural/mining 
landscape, of a CEEC which has an estimated less than 5% remaining in relatively good 
condition is far more relevant to the impact of the MCCP clearing then any assessment of 
area losses on a statewide scale.   

It must be remembered that this community once covered millions of contiguous hectares 
and has, since European settlement, been cleared, fragmented and/or modified area by area 
and hectare by hectare.  Today the remaining area of Box Gum Woodland CEEC continues to 
undergo loss and detrimental change due to ongoing clearing (legal and illegal), weed 
invasion, grazing, pasture improvement, conversion to set stocking, and the effects of 
fragmentation (TSSC 2006, DCCEEW 2023).   

Box Gum Woodland is listed as critically endangered under both NSW and Commonwealth 
legislation.  This means that both the NSW and Commonwealth TSSCs are of the opinion that 
Box Gum Woodland CEEC is ���š�� �Zan extremely high risk of extinction in Australia in the 
immediate future�[���~�E�^�t���d�^�^�����î�ì�î�ì�•�X�����/�v���u�Ç���}�‰�]�v�]�}�v, it is the continued incremental loss (i.e. 
death by a thousand cuts) including the clearing proposed of 79.9ha on the MCCP mine 
development footprint that will inevitably contribute to its extinction.   

Dot point 5 - while the project will not isolate any occurrences of the CEEC it will cause 
significant fragmentation and increased edge effects [refer previous section (i)] which in turn 
will threaten the on-going existence and quality of the remaining CEEC patches over and well 
beyond the life of the MCCP.  
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c) In your opinion, was the assessment of impacts on the Ecological Communities, as 
far as it relates to your areas of expertise, appropriate and sufficient? 

In my opinion, the assessment of the impacts on the Ecological Communities was neither 
appropriate nor sufficient, particularly on and adjacent to the mine development footprint. 

The BC Act s6.3A requires, for the purposes of the biodiversity offsets scheme, developments 
to implement an avoid, minimise and offset hierarchy regarding the impacts of their actions 
on biodiversity values.  As outlined in the BC Act the implementation of this hierarchy is 
required as follows:   

(a) the proponent of the action first takes all reasonable measures to avoid the impacts of 
the action on biodiversity values, 

(b) after taking all reasonable measures under paragraph (a), the proponent then takes all 
reasonable measures to minimise the impacts that have not been avoided, 

(c) having taken the measures under paragraph (b), the proponent then takes biodiversity 
conservation measures under the biodiversity offsets scheme to offset or compensate 
for any residual impact on biodiversity values. 

According to the EIS (Premise 2025) the MCCP has reduced its clearing/disturbance area from 
its original design of 771.3ha to 682.9, which according to Premise (2025) is an avoidance of 
91.3ha.  However, the actual area of avoidance based on these figures is 88.4ha not 91.3ha.  
�t�Z���š�[�•���u�}�Œ�����š�Z���� ���À�}�]�����v������ ���Œ������ �]�v���o�µ�����•�� �î�X�ï�Z�����}�(�����Æ���u�‰�š���o���v���� ���v���l�}�Œ���v�}�v-vegetated land, 
further reducing the area of native vegetation avoided to 86.1ha.  It also includes 
approximately 74.5ha of mine rehabilitation area which according to Premise (2025) is likely 
to comprise PCT 592 Narrow-leaved Ironbark-Cypress Pine �t White Box Shrubby Open Forest 
which is not a Threatened Ecological Community (TEC).  Areas of TECs that have been 
avoided (Premise 2025) include: 

�x 3.8ha along the water transfer pipeline of Grey Box Grassy Woodland EEC, and 

�x 7.8ha of TECs north of the final proposed mine development footprint comprising 2.9ha 
of Box Gum Woodland CEEC and 4.9ha of Poplar Box Grassy Woodland EEC.  

In summary, while the MCCP EIS has reduced the area of TECs to be cleared, it appears to 
have done so to the minimal extent necessary.  Notwithstanding this avoidance, the 
disturbance footprint immediately abuts several patches of Box Gum Woodland CEEC and 
Poplar Box Grassy Woodland EEC to the north and east.   

According to the BCT hierarchy outlined above, having avoided the clearing of 11.6ha of TECs 
the proponent �Zthen takes all reasonable measures to minimise the impacts that have not 
been avoided�[.   

With regard to the Grey Box Woodland and Poplar Box Woodland EECs along the water 
transfer pipeline it is my opinion [refer s(a)ii] that provided all mitigation measures proposed 
in the EIS (Premise 2025) are implemented, this MCCP installation will have a minimal impact 
on this EEC.   
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In contrast, and as discussed earlier [refer s(a)i and s(a)iii], the clearing for the mine 
development footprint will significantly increase the fragmentation of the remaining patches 
of TECs outside and adjoining the footprint.  Increased fragmentation will result from a 
reduction in patch size and alterations to patch shape, which will increase these patches 
susceptibility to edge effects.  Consequently, should this development be approved, the 
current quality of these remnants and the habitat they provide for their faunal component 
will be significantly impacted by; dust, noise, vibration, air blasts and light pollution.  These 
impacts are due to the �Œ���u�v���v�š�[�•��proximity to MCCP 24hr mining operations and the 350 
vehicle movements per day (Ausecology 2025) along an adjoining access track to a go line.   

As discussed previously [refer s(a)i and s(a)iii] (Premise 2025) noise modelling indicates that 
should the MCCP be approved the amount of noise will increase from 24hr/day vehicle 
movements and blasting.  Twenty-four hour/day operation will also mean that adjoining 
vegetation will be subject to light pollution (notwithstanding the proposed use of directional 
lighting) and vibration.  

A part of the mitigation for the clearing TECs and native vegetation, the EIS (Premise 2025) 
proposes progressive revegetation of the post mine landforms following completion of active 
mining operations.  Establishing approximately 481.2ha of woodland and forest on these 
areas.  However, in s7.4.4 Appendix C (Premise 2025) in describing the areas of rehabilitation 
on the post mine void it talks about the additional 656ha area of rehabilitation on the 
continuation project footprint.  It is unclear in the EIS why this variation in the proposed 
MCCP rehabilitation area exists. 

Further, Premise (2025) states that revegetation would aim to establish self-sustaining native 
woodland and forest communities that were present prior to the commencement of mining 
on the final MCCP landform.  No areas of TECs to be reestablished on these reconstructed 
landforms is given.  While this is concerning, of more concern is scarcity of detail regarding 
how the presence of self-sustaining woodland and forest communities would be determined 
after replanting.  The only indication given in the EIS is the statement, �ZMCC would aim to 
create recognisable PCTs in the BioNet Vegetation Classification�[ (Premise 2025).  
Nonetheless, it is my opinion that a PCT that conforms with the BioNet Vegetation 
Classification (BVC) description would not necessarily be self-sustaining, nor would it have 
the habitat values of the vegetation communities cleared.  This is because the BVC 
descriptions are primarily lists of co-occurring flora species in the constituent strata of any 
given PCT.  There are no condition ratings nor habitat values associated with a BVC PCT.   

As stated previously [refer s(a)i and (a)iii] it will take more than 100 years for replanted 
vegetation to achieve the same habitat values as that cleared, if ever.  This includes areas of 
TEC.  So much more detail is required in the EIS as to how a self-sustaining vegetation 
community will be identified. 

This is also true for the proposed Landscape Revegetation Zones.  Where it is planned as part 
of the mitigation to enhance existing extant TEC areas and/or replant species consistent with 
the three TECs within areas of derived native grassland, non-native vegetation and non-
vegetated areas (i.e. cropped areas).  This includes: 
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�x 340.9 ha of Box-Gum Woodland CEEC listed under the NSW BC Act and Commonwealth 
EPBC Act  

�x 1,026.4 ha of Poplar Box Woodland EEC listed under the Commonwealth EPBC Act, and  

�x 348.6 ha of Inland Grey Box Woodland EEC listed under the NSW BC Act. 

While this proposal looks good on paper, i.e. much greater areas of the TEC will be created 
than areas cleared, all the issues with such a proposal outlined previously in this document 
remain true.  These are: 

�x MCC are not proposing to protect these revegetation landscape zones under any in-
perpetuity Conservation Agreement.  Consequently, there will be no oversight of the 
success or otherwise of this proposal nor any protection into the future. 

�x No detail is provided as to how long these areas will be managed for, or whether they 
will be sold off in future years and potentially cleared. 

�x The probability of successfully reestablishing any of the TECs on re-shaped mine void 
areas and previously cropped land is highly unlikely. 

�x Even if successful, it will take more than 100 years to achieve TECs with similar habitat 
values (i.e. with hollow bearing trees).  Will these areas be managed by MCC for that 
length of time? 

�x There are significant differences in vegetation condition between the NSW and 
Commonwealth listings for Box Gum Woodland CEEC and Poplar Box Woodland EEC.  No 
detail is provided in the EIS as to how these differences will be assessed in re-established 
vegetation. 

�x No contingency plans are provided for the potential impacts of stochastic and/or climate 
change events e.g. extended droughts, flooding or bushfire intensities. 

d) In your opinion, has the assessment adequately considered any cumulative impacts 
to the Ecological Communities arising from the Project? 

In my opinion, the assessment of the MCCP has not adequately considered any cumulative 
impacts to the Box Gum Woodland CEEC arising from the Project.   

According to the EIS (Premise 2025), the cumulative impact of MCCP and other major 
projects in the area including: Boggabri Coal Mine, Tarawonga Coal Mine, Vickery Coal Mine, 
Narrabri Underground Mine, Maules Creek Solar Farm, Whitehaven Solar Farm, Narrabri 
Solar Farm and Narrabri South Solar Farm is the loss of 1,260.5ha of Box Gum Woodland 
CEEC either cleared or proposed to be cleared.  However, this cumulative impact is proposed 
to be mitigated by 1,314.7ha of Box Gum Woodland CEEC rehabilitated on post-mine 
landforms, approximately 340.9ha voluntarily planted in the MCCP landscape revegetation 
zones and the current protection of 9,540.2ha of CEEC in perpetuity on off-set properties.   
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For all of this, the only guaranteed positive outcome for Box Gum Woodland CEEC is the 
conservation of existing areas of CEEC (9,540.2ha) on the off-set properties.  This is because 
these are existing extant areas of Box Gum Woodland CEEC, either listed under NSW 
legislation or Commonwealth legislation, that will be managed in perpetuity for conservation 
outcomes.  The downside to this 9,540.2ha is that the existing MCC offset properties are 
located across three IBRA bioregions (Brigalow Belt South, Nandewar and New England 
Tablelands).  Consequently, those outside the Brigalow Belt South (where the MCCP is 
�o�}�����š�����•�� �Z���À���� �o�]�u�]�š������ �À���o�µ���� ���•�� �Z�o�]�l���� �(�}�Œ�� �o�]�l���[ in protecting the values of the 79.9ha to be 
cleared under the MCCP.  Being in different IBRA regions means areas of Box Gum Woodland 
CEEC exist in different climate zones (rainfall, temperature, wind and humidity) and occur on 
different landforms, soil types and soil nutrient/hydrological regimes.  They therefore 
support different suites of flora and fauna species.   

It must also be noted, the area of 9,540.2ha is currently 79.9ha larger with the inclusion of 
the CEEC on the MCCP mine development footprint, which will only be cleared if the project 
is approved.  Consequently, should this project be approved there will be a net loss of CEEC, 
as all mitigation proposed is unlikely to protect extant remnant stands adjoining the mine 
footprint and any rehabilitation, if successful, will not achieve the same condition or habitat 
values for more than 100 years. 

As for the 1,314.7ha of rehabilitated CEEC on post-mine landforms and the 340.9ha CEEC on 
the MCCP landscape revegetation zones these are yet to be realised.  As detailed previously, I 
do not believe it will be possible in the short to medium term to re-establish this CEEC on 
rehabilitated post-mine landforms, if at all.  Further, it may be possible to replant CEEC 
species on the proposed revegetation zones but, in my opinion, even if re-establishment is 
successful, it will take more than 100 years to achieve the same condition and habitat values 
as the 79.9ha to be cleared for the MCCP.  Given the already highly fragmentated and 
modified nature of Box Gum Woodland remnants, the loss of a further 64% within the 
surrounding 1,000ha landscape and a 30% loss in the wider surrounding 10,000ha landscape 
(Hunter Eco 2025) of this critically endangered community is likely contribute to local 
extinctions of composite flora and fauna. 

The EIS provides no figures or assessment regarding the cumulative impacts on Grey Box 
Woodland or Poplar Box Woodland EECs. 

e) In your opinion, are the measures proposed as part of the Project to mitigate and 
avoid impacts to the Ecological Communities adequate? Are there any additional 
and appropriate measures that would minimise those impacts if consent was to be 
granted to the Project? 

In my opinion the avoid and mitigation measures proposed for the MCCP water transfer 
pipeline on Grey Box Woodland and Poplar Box Grassy Woodland EECs are adequate, 
providing they are implemented as written.   
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�/�����}�v�[�š�������o�]���À�����š�Z�����u�����•�µ�Œ���•���‰�Œ�}�‰�}�•�������š�}�����À�}�]�����]�u�‰�����š�•���š�}���š�Z����Box Gum Woodland CEEC and 
Poplar Box Grassy Woodland EEC on the mine development footprint are adequate.  This is 
because they rely heavily on replanting these TECs on the post-mine landscape and in the 
proposed landscape revegetation zones.  ���•�� �����•���Œ�]�������� �‰�Œ���À�]�}�µ�•�o�Ç�U�� �/�� ���}�v�[�š�� �����o�]���À���� �]�š�� �Á�]�o�o�� ������
possible to re-establish either of these TECs on the post-mine landscape.  This opinion is 
supported by both the NSW TSSC (2020) and DoEE (2019).   

As described previously [refer s(a)i and s(a)ii] extant remnant areas of these two TECs 
adjoining the northern boundary of the mine development footprint will be significantly and 
detrimentally impacted by; dust, noise, blasting, vibration and light pollution from mining 
�}�‰���Œ���š�]�}�v�•�� �š�Z���� �‰�Œ�}�‰�}�•������ �u�]�š�]�P���š�]�}�v�� �u�����•�µ�Œ���•�� �v�}�š�Á�]�š�Z�•�š���v���]�v�P�X�� �� �/�� ���}�v�[�š�� �����o�]���À���U�� ���µ���� �š�}�� �š�Z����
proximity of extant remnants along the eastern and northern boundary of the mine 
development footprint, that there are any additional or appropriate mitigation measures 
that would minimise the impact of the MCCP on the Box Gum Woodland CEEC and Poplar 
Box Grassy Woodland EEC. 

In contrast, replanting within the landscape revegetation zones is likely to be successful with 
appropriate management, at least in areas of CEEC and EEC derived grasslands.  It will 
however take more than 100 years to achieve the same habitat values as the areas of these 
TECs cleared from the mine development footprint.  Of concern is the lack of significant 
detail in the EIS regarding many of the mitigation measures associated with the replanting 
including; how self-sustaining ecological communities will be identified, how the 
age/structure of rehabilitation sites will influence the installation of supplementary fauna 
habitat features and how replanting on the landscape revegetation zones will be managed 
and protected into the future.   

Wendy Hawes 

 

Principal Ecologist | The Envirofactor  
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Appendix 1:    

FLOWCHART for the IDENTIFICATION of the CRITICALLY ENDANGERED 
�t�,�/�d���� ���K�y�� �z���>�>�K�t�� ���K�y�� ���>���<���>�z�[�^�� �Z������ �'�h�D�� �'�Z���^�^�z�� �t�K�K���>���E����
and DERIVED NATIVE GRASSLAND ECOLOGICAL COMMUNITY LISTED 
UNDER the EPBC Act (from the National Recovery Plan DECCW 2010) 
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Appendix 2:  Important Species List for EPBC listed Box Gum Woodland CEEC 

 



Expert advice re: Threatened Ecological Communities  Maules Creek Continuation Project 

 44 

 



Expert advice re: Threatened Ecological Communities  Maules Creek Continuation Project 

 45 

 



Expert advice re: Threatened Ecological Communities  Maules Creek Continuation Project 

 46 

 



Expert advice re: Threatened Ecological Communities  Maules Creek Continuation Project 

 47 

 



Expert advice re: Threatened Ecological Communities  Maules Creek Continuation Project 

 48 

 



Expert advice re: Threatened Ecological Communities  Maules Creek Continuation Project 

 49 

 



Expert advice re: Threatened Ecological Communities  Maules Creek Continuation Project 

 50 

 



Expert advice re: Threatened Ecological Communities  Maules Creek Continuation Project 

 51 

 



Expert advice re: Threatened Ecological Communities  Maules Creek Continuation Project 

 52 

 



Expert advice re: Threatened Ecological Communities  Maules Creek Continuation Project 

 53 

 



Expert advice re: Threatened Ecological Communities  Maules Creek Continuation Project 

 54 

 



Expert advice re: Threatened Ecological Communities  Maules Creek Continuation Project 

 55 

 



Expert advice re: Threatened Ecological Communities  Maules Creek Continuation Project 

 56 

 

 



Expert advice re: Threatened Ecological Communities Maules Creek Continuation Project 

 57 

Appendix 3:    

from DSEWPaC (2012) 
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Appendix 4: 

Interpreting linear patches of Poplar Box Grassy Woodland EEC, such as a 
roadside verges and travelling stock routes (from DoEE 2019) 

 

 



���������$�

	
���
��������������
�������������

���%���
�����

������������$������������



! "
"

!
!

!
!"#$%&'()'*+,-&'.$//(&0'1!"#$"%&'()*'+,-,. 2'

(-'# /(#(034'5$6730'8/339'8()&,)6$&,()'
./(:3%&'15$6730'8/339'8($7'.&;'<&42='

''
'

!)43#3)43)&'>?#3/&'@3#(/&!
!

"#$%&'!(%)*+#,*!
-&#.%++#&!#.!/#*+%&01')#*!2)#3#45!

67+'&13)1*!81')#*13!9*)0%&+)'5!
!

!"#$%&'#!(!)#



#"
"

!"##$%& '
!
"#!$%!&'()!*+,-*&!$!.)+!/0&0!0%/!0%012)+)!3*-4!42!*+)+0*5'!6*-.,7)!1-%6!&+*4!)&./2!-3!89(3&!:0**-&)!
;!"#$"%&'()*+,-,. <!&-!5-%51./+!&'0&!'0=(&0&!1-)&!3*-4!9--/10%/!51+0*(%6!3-*!&'+!>0.1+)!?*++@!
?-%&(%.0&(-%!:*-A+5&!()!1(@+12!&-!'0B+!)+*(-.)!0%/!(**+B+*)(=1+!(4,05&)!-%!=(-/(B+*)(&2!B01.+)#!C'+!1-))!
-3!'0=(&0&!()!1(@+12!&-!50.)+!0!3.*&'+*!/+51(%+!(%!&'+!5*(&(50112!+%/0%6+*+/!89(3&!:0**-&D!0!),+5(+)!&'0&!()!
01*+0/2!@%-9%!&-!=+!(%!0!*0,(/!*0&+!-3!/+51(%+#!89(3&!:0**-&)!0*+!.%1(@+12!&-!*+),-%/!&-!4+0).*+)!&-!
(4,*-B+! &'+(*!'0=(&0&!(%!&'+!3.&.*+!=+50.)+!&'+!0//(&(-%01!3-*06(%6!'0=(&0&!9(11!%-&!=+5-4+!0B0(10=1+!
)--%!+%-.6'!&-!'+1,! ,*+B+%&!&'+(*!+E&(%5&(-%#!
!
F#!89(3&!:0**-&)!0*+!,*-A+5&+/!&-!=+5-4+!+E&(%5&!9(&'(%!"G!2+0*)#!C'+2!'0B+!=++%!(/+%&(3(+/!0)!-%+!-3!
H.)&*01(07)!,*(-*(&2!FG!=(*/!),+5(+)!3-*!5-%)+*B0&(-%!05&(-%#!I-))!-3!'0=(&0&!(%!&'+!=*++/(%6!0%/!9(%&+*!
4(6*0&(-%!*0%6+)!0*+!&'+!6*+0&+)&!&'*+0&)!&-!89(3&!:0**-&)#!
!
J#!C'+!.%.).01!+5-1-62!-3!89(3&!:0**-&!9(%&+*!4-B+4+%&)!40@+)!*+&+%&(-%!-3!&'+!)4011!0*+0)!-3!
*+40(%(%6!'0=(&0&!-%!40(%10%/!H.)&*01(0!+))+%&(01!3-*!&'+(*!5-%)+*B0&(-%#!C'+!+,'+4+*01!0%/!
.%,*+/(5&0=1+!%0&.*+!-3!9(%&+*!31-9+*(%6!-3!&'+(*!3++/!&*++)!4+0%)!&'+!=(*/)!4.)&!)+0*5'!B0)&!0*+0)!
&-!3(%/!3--/D!9(&'!&'+!,0&5'+)!0B0(10=1+!B0*2(%6!6*+0&12!3*-4!2+0*!&-!2+0*#!H!)(%61+!,0&5'!-3!3-*06(%6!
'0=(&0&!()!-3&+%!%-&!0B0(10=1+!3-*!.)+!+B+*2!2+0*!=.&!402!=+!+))+%&(01!3-*!&'+!=(*/)!-B+*!0!4.1&(K2+0*!
5251+#!
!
L#!89(3&!:0**-&)!'0B+!=++%!*+5-*/+/!3*-4!0%!0*+0!(%!I+0*/!8&0&+!M-*+)&!+0)&!-3!&'+!>0.1+)!?*++@!
?-%&(%.0&(-%!:*-A+5&!)(&+!-%!FN!-550)(-%)!0%/!31-5@)!-3!"O!0%/!FG!9+*+!-=)+*B+/!/.*(%6!).*B+2)!3-*!
&'+!%+0*=2!P-660=*(!5-01!4(%+!)(&+#!C'()!'(6'!3*+Q.+%52!-3!B()(&0&(-%!5-%3(*4)!&'0&!I+0*/!8&0&+!M-*+)&!
()!0%!(4,-*&0%&!9(%&+*!3-*06(%6!)(&+!3-*!89(3&!:0**-&)#!$4,05&)!-%!89(3&!:0**-&)!-3!'0=(&0&!*+4-B01!
(%51./+!/(*+5&!1-))!-3!(4,-*&0%&!3--/!*+)-.*5+) !0%/!3*064+%&0&(-%!-3!0!10*6+!'0=(&0&!,0&5'!(%&-!
)4011+*!0*+0)!-3!'0=(&0&!1+0/(%6!&-!'0=(&0&!/+6*0/0&(-%!&'*-.6'!(%5*+0)+/!+/6+!+33+5&)#!
!
R#!>(6*0&(-%!()!+%+*6+&(50112!5-)&12!&-!89(3&!:0**-&)!0%/!&'+2!-%12!&*0B+1!0)!30*!%-*&'!3*-4!C0)40%(0!
-B+*!0.&.4%!0%/!9(%&+*!0)!&'+2!%++/!&-!3(%/!3--/#!C'+!*+,+0&+/!)(6'&(%6)!-3!89(3&!:0**-&)!0&!I+0*/!
8&0&+!M-*+)&!5-%3(*4!&'0&!(&!,*-B(/+)!+))+%&(01!'0=(&0&!(%!2+0*)!9'+%!3--/!*+)-.*5+)!0*+!%-&!0B0(10=1+!
3.*&'+*!)-.&' !;+#6#!S(5&-*(0<#!C'+!3.*&'+*!*+/.5&(-%!(%!0B0(10=1+!'0=(&0&!9(11!/+5*+0)+!&'+!1(@+1('--/!
&'0&!&'+*+!0*+!).33(5(+%&!3++/!&*++)!(%!31-9+*!9'+%!&'+2!0**(B+!0&!I+0*/!8&0&+!M-*+)&!9'(5'! ()!1(@+12!&-!
(4,05&!).*B(B01!/.*(%6!&'+(*!9(%&+*!4(6*0&(-%#!
!
O#!$!3-.%/!(4,-*&0%&!3109)!(%!0*6.4+%&)!40/+!(%!&'+!>??:!P$TU$SVW8$CX!UVSVIT:>VYC!
H88V88>VYC!WV:TWC!5-%5+*%(%6!)(6%(3(50%&!(4,05&!5*(&+*(0!*+1+B0%&!&-!89(3&!:0**-&)#!?-%&*0*2!&-!&'+!
*+,-*&7)!0))+*&(-%D!@%-91+/6+!-3!89(3&!:0**-&!4(6*0&-*2!=+'0B(-.*!0%/!+5-1-62!)&*-%612!).66+)&)!&'0&!
&'+!RLZ#[!'0!1-))!-3!,-&+%&(01!3-*06(%6!'0=(&0&!9(11!'0B+!0!)(6%(3(50%&!(4,05&!-%!&'+!,-,.10&(-%#!C'+!
>??:!P$TU$SVW8$CX!UVSVIT:>VYC!H88V88>VYC!WV:TWC!3.*&'+*!0*6.+)!&'0&!,*-6*+))(B+!
*+'0=(1(&0&(-%!-3!&'+!,-)&!4(%+!10%/3-*4!0%/!*+)&-*0&(-%!-3!3.*&'+*!0*+0)!9(11!.1&(40&+12!(%5*+0)+!&'+!
0*+0!-3!,-&+%&(01!3-*06(%6!'0=(&0&!3-*!89(3&!:0**-&)#!\-9+B+* !&'+!,10%%+/!10%/)50,+!*+)&-*0&(-%!()!
1(@+12!&-!-55.*!&--!)1-912!&-!'+1,!&'+!89(3&!:0**-&!,-,.10&(-%!0)!(&)!%.4=+*)!3011!)'0*,12!&-90*/)!
+E&(%5&(-%!-B+*!&'+!%+E&!"G!2+0*)#! !



$"
"

!"#$%&'()*+ !
$%!FGF"D!&'+!H.)&*01(0%!M+/+*01!] -B+*%4+%&!40/+!0!5-44(&4+%&!&-!^%-!%+9!+E&(%5&(-%)7#!C-!05'(+B+!
&'()!6-01!(%!&'+!305+!-3!&'+!%++/!3-*!).)&0(%0=1+!/+B+1-,4+%&!(%!5-4(%6!/+50/+)!9(11!*+Q.(*+!0!
&'-*-.6'!.%/+*)&0%/(%6!-3!%-&!-%12!&'+!&'*+0&)!305(%6!/+51(%(%6!,-,.10&(-%)!=.&!01)-!&'+!
+33+5&(B+%+))!-3!5-%)+*B0&(-%!05&(-%)!&-!,*+B+%&!0%/!*+B+*)+!,-,.10&(-%!/+51(%+)#!\0=(&0&!1-))!()!0!
40A-*!/*(B+*!-3!,-,.10&(-%!/+51(%+!(%!40%2!&'*+0&+%+/!),+5(+)#!8.5'!1-))!-3&+%!-55.*)!(%!0!)1-9K
,05+/D!,(+5+4+01!902!0)!0!*+).1&!-3!4.1&(,1+!/+B+1-,4+%&)#!$%!()-10&(-%D!).5'!/+B+1-,4+%&)!402!
'0B+!%+61(6(=1+!(4,05&)!-%!&'*+0&+%+/!),+5(+)7!,-,.10&(-%)D!=.&!&'+!5.4.10&(B+!(4,05&!-3!4.1&(,1+!
/+B+1-,4+%&)!-%!&'+!,-,.10&(-%!B(0=(1(&2!-3!&'*+0&+%+/!),+5(+)!()!-3&+%!).=)&0%&(01#!H!40A-*!
5'011+%6+!3-*!1+6()10&(B+!0%/!,10%%(%6!,*-5+))+)!()!&'0&!.%/+*!5.**+%&!3*04+9-*@)D!,10%%(%6!
0,,1(50&(-%)!0*+!6+%+*0112!0))+))+/!-%!0!50)+K=2K50)+!=0)()D!-3&+%!-%!0!1-501!-*!*+6(-%01!)501+!4.5'!
)4011+*!&'0%!&'+!+E&+%&!-3!-55.**+%5+!-3!40%2!&'*+0&+%+/!),+5(+)#!$%!&'()!(%)&0%5+D!&'+!,-&+%&(01!
(4,05&)!0))-5(0&+/!9(&'!(%/(B(/.01!,10%%(%6!0,,1(50&(-%)!-%!&'*+0&+%+/!+%&(&(+)!402!9+11!=+!4(%(401D!
=.&!&'+!5.4.10&(B+!(4,05&)!-3!4.1&(,1+!/+B+1-,4+%&!0,,1(50&(-%)!5-.1/!'0B+!)(6%(3(50%&!0%/!
(**+B+*)(=1+!(4,05&)!-%!&'*+0&+%+/!+%&(&(+)#!H55.*0&+12!3-*+50)&(%6!,-&+%&(01!5.4.10&(B+!(4,05&)!()!0%!
(4,-*&0%&!5-%)+*B0&(-%!6-01_!=2!+E,1(5(&12!5-%)(/+*(%6!5.4.10&(B+!(4,05&!*()@)D!,10%%(%6!,*-5+))+)!
0*+!=+&&+*!,105+/!&-!3(*)&!0B-(/!&'+(*!-55.**+%5+D!)+5-%/!4(%(4()+!&'+(*!406%(&./+!0%/!&'(*/!-33)+&!
&'+4#!
!
$!'0B+!=++%!+%606+/!=2!&'+!V%B(*-%4+%&01!U+3+%/+*)!T33(5+D!05&(%6!-%!=+'013!-3!>0.1+)!?*++@!
?-44.%(&2!?-.%5(1!;>???<D!0)!0%!(%/+,+%/+%&!+E,+*&!&-!*+B(+9!&'+!(4,05&)!-3!&'+!,*-,-)+/!
>0.1+)!?*++@!?-%&(%.0&(-%!:*-A+5&!;88UKJJGZJJRZ<!-%!&'+!+%/0%6+*+/!;Y8`<a!5*(&(50112!+%/0%6+*+/!
;?-44-%9+01&'D!$b?Y<!89(3&!:0**-&!;!"#$"%&'(/*'+,-,. <#!$!04!0!:*-3+))-*!-3!?-%)+*B0&(-%!P(-1-62!
9-*@(%6!0&!&'+!M+%%+*!85'--1!-3!V%B(*-%4+%&!0%/!8-5(+&2D!HYbD!0%/!'0B+!),+5(01()+/!(%!,0**-&!
5-%)+*B0&(-%!3-*!-B+*!JG!2+0*)!;'&&,)caa*+)+0*5',-*&01,1.)#0%.#+/.#0.a+%a,+*)-%)a*-=+*&K
'+(%)-'%<#!>2!*+)+0*5'!10=!(%51./+)!&'+!U(33(5.1&!P(*/!W+)+0*5'!]*-.,D!9'(5'!),+5(01()+)!(%!)&./2(%6!
H.)&*01(07)!4-)&!5'011+%6(%6!&'*+0&+%+/!=(*/!),+5(+)!;)++!'&&,)caa999#/(33(5.1&=(*/)#5-4a<#!8(%5+!
FGG[!$!'0B+!1+/!0!&+04!5-%/.5&(%6!0!40A-*!*+)+0*5'!,*-6*04!-%!&'+!5-%)+*B0&(-%!*+Q.(*+4+%&)!-3!
89(3&!: 0**-&)!=-&'!(%!&'+(*!=*++/(%6!*0%6+!(%!C0)40%(0!0%/!-B+*!&'+(*!9(%&+*!4(6*0&(-%!*0%6+!(%!8V!
H.)&*01(0#!$!04!0!1-%6!)&0%/(%6!4+4=+*!-3!&'+!89(3&!:0**-&!W+5-B+*2!C+04#!>2 !*+)+0*5'!&+04!0%/!$!
'0B+!,.=1()'+/!-B+*!JG!,++*K*+B(+9+/!)5(+%&(3(5!,0,+*)!-%!89(3&!: 0**-&!+5-1-62D!=+'0B(-.*D!0%/!
5-%)+*B0&(-%!=(-1-62#!$!'0B+!*+0/!&'+!VE,+*&!`(&%+))!?-/+!-3!?-%/.5&!0%/!06*++!&-!=+!=-.%/!=2!(&#!$!
'0B+!'0/!%-!5-%&05&!9(&'!&'+!>???!0%/!011!(%3-*40&(-%!,*+)+%&+/!'+*+!()!+(&'+*!3*-4!,++*K*+B(+9+/!
)5(+%5+!5-%/.5&+/!=2!42!&+04!-*!-&'+*)D!-*!42!,*-3+))(-%01!-,(%(-%!=0)+/!-%!-.*!)5(+%&(3(5!
,*-6*04# !!
!

,-./0+1"&&'0+#')23&4"0.')+ 20"0(2+!
C'+!89(3&!:0**-&!()!&'+!-%12!4+4=+*!-3!&'+!6+%.)!!"#$"%&' D!()!1()&+/!0)!?*(&(50112!V%/0%6+*+/!
%0&(-%0112!0%/!(%&+*%0&(-%0112D!0%/!'0)!=++%!(/+%&(3(+/!0)!-%+!-3!H.)&*01(07)!,*(-*(&2!FG!=(*/!),+5(+)!
3-*!5-%)+*B0&(-%!05&(-%!;?-44-%9+01&'!-3!H.)&*01(0!FG"O_!YV8:!C8W!\.=!FG"N<#!$&!()!(%!0!*0,(/!)&0&+!
-3!/+51(%+!0%/!9(&'!-%12!0!)4011!,-,.10&(-%!*+40(%(%6!()!01*+0/2!0&!)(6%(3(50%&!*()@!-3!+E&(%5&(-%#!C'+!
Y0&(-%01!W+5-B+*2!:10%!3-*!&'+!89(3&!:0**-&!;U??VV`!FGFL<!(/+%&(3(+)!0!%.4=+*!-3!40A-*!&'*+0&)!&-!
&'+!).*B(B01!-3!&'+!*+40(%(%6!89(3&!:0**-&!,-,.10&(-%#!H//(&(-%01!,*+)).*+)!,105+/!-%!)9(3&!,0**-&)!
0%/!(&)!'0=(&0&!402!)+B+*+12!'0*4!&'+!5'0%5+)!-3!),+5(+)!*+5-B+*2#!



%"
"

!
C'+!=*++/(%6!=(-1-62!0%/!/2%04(5!=*++/(%6!0%/!%-%K=*++/(%6!/()&*(=.&(-%)!-3!)9(3&!,0**-&)!'0B+!
=++%!&'-*-.6'12 !)&./(+/!=2!42!&+04D!&-!&'+!+E&+%&!&'0&!@+2!/+4-6*0,'(5!,0*04+&+*)!0*-.%/!
=*++/(%6!0%/!4-B+4+%&!)&*0&+6(+)!/.*(%6!=*++/(%6!0%/!4(6*0&(-%!0*+!.%/+*)&--/!9(&'!0!'(6'!
/+6*++!-3!5-%3(/+%5+#!T.*!+E()&(%6!,++*K*+B(+9+/!,-,.10&(-%!4-/+1)!5-%3(*4!&'0&!)9(3&!,0**-&)!0*+!
'+0/+/!3-*!+E&(%5&(-%!=2!&'+!+0*12!FGJG7)!(3!&'+!&'*+0&)!&'+2!305+!0*+!%-&!0//*+))+/!+33+5&(B+12!
;\+(%)-'%!+&!01#!FG"RD!T9+%)!+&!01#!FGFF<#!C'+!&'*++!6*+0&+)&!&'*+0&)!&-!)9(3&!,0**-&)!0*+!0)!3-11-9)#!
!!
"#!$%!&'+!C0)40%(0%!=*++/(%6!6*-.%/)!-3!89(3&!:0**-&)D!=1.+!6.4!01(2-,)&-&'(0%/!=105@!6.4!01(,3"#"(
3-*+)&)!5-%&(%.+!&-!=+!5-44+*5(0112!1-66+/!-%!0!10*6+K)501+D!1+0/(%6!&-!&'+!-%6-(%6!1-))!-3!=-&'!
'-11-9 K=+0*(%6!&*++)!0%/!%+5&0*!*+)-.*5+)!3*-4!31-9+*(%6!.,-%!9'(5'!)9(3&!,0**-&)!/+,+%/!3-*!
=*++/(%6#!C'()!1-))!-3!'0=(&0&!()!+E05+*=0&+/!=2!10%/!51+0*(%6!0%/!&*++K3+11(%6!3-*!-&'+*!,.*,-)+)!
;U??VV`!FGFL<#!
!
F#!\0=(&0&!1-))!(%!C0)40%(0!()!+E05+*=0&+/!=2!'(6' D!),0&(0112KB0*(0=1+!*0&+)!-3!%+)&!,*+/0&(-%!=2!
(%&*-/.5+/!).60*!61(/+*)!45#"&.&'().53*+56'1(8.60*!61(/+*)!,*+/0&+!%-&!-%12!)9(3&!,0**-&!+66)!0%/!
%+)&1(%6)!=.&!01)-!0/.1&!3+401+)!9'(1+!&'+2!0*+!-%!&'+!%+)&D!1+0/(%6!&-!5-%&(%.(%6!)+B+*+!,-,.10&(-%!
/+51(%+!3*-4!&'()!)-.*5+!01-%+!;8&-A0%-B(5!+&!01#!FG"L_!\+(%)-'%!+&!01#!FG"R<!0%/!0!'+0B(12!401+K
=(0)+/!0/.1&!)+E!*0&(-!;\+(%)-' %!+&!01#!FG"N<#!H&&+4,&)!&-!04+1(-*0&+!&'+!&'*+0&)!3*-4!,*+/0&(-%!=2!
).60*!61(/+*)!0&!%+)&!'-11-9)!'0B+!&'.)!30*!05'(+B+/!-%12!4(%(401!).55+))!;U??VV`!FGFL<#!!
(
J#!C'+!+%&(*+!,-,.10&(-%!-3!89(3&!: 0**-&)!4(6*0&+)!3*-4!C0)40%(0!&-!8V!40(%10%/!H.)&*01(0!3-*!&'+!
0.&.4%!0%/!9(%&+*!9'+*+!&'+!=(*/)!=+5-4+!%-40/(5!(%!)+0*5'!-3!%+5&0*!0%/!1+*,!3*-4!9(%&+*K
31-9+*(%6!0&+"-7#&'('66(;80.%/+*)!0%/!\+(%)-'%!FGGZ<#!C'+!+,'+4+*01!0%/!.%,*+/(5&0=1+!%0&.*+!-3!
9(%&+*!31-9+*(%6!-3!&'+(*!3++/!&*++)!4+0%)!&'+2!4.)&!)+0*5'!B0)&!0*+0)!&-!3(%/!3--/!9(&'!&'+!,0&5'+)!
0B0(10=1+!3-*!.)+!B0*2(%6!6*+0&12!3*-4!2+0*!&-!2+0*#!H!)(%61+!,0&5'!-3!3-*06(%6!'0=(&0&!()!-3&+%!%-&!
0B0(10=1+!3-*!.)+!+05'!2+0*!=.&!402!=+!+))+%&(01!3-*!&'+!=(*/)!-B+*!0!4.1&(K2+0*!5251+#!C'+!*0%6+!-3!
89(3&!:0**-&)!(%!40(%10%/!H.)&*01(0!()!B0)&!;dLGGDGGG!@4! <!+E&+%/(%6!3*-4!(%10%/!0%/!5-0)&01!0*+0)!-3!
S(5&-*(0!&-!)-.&'+*%!e.++%)10%/#!C'+!04-.%&!-3!'0=(&0&!&'+2!'0B+!&-!.&(1()+!9(&'(%!&'0&!0*+0!()!
)+B+*+12!1(4(&+/!+),+5(0112!(%!/*-.6'&!5-%/(&(-%)!;80.%/+*)!0%/!\+(%)-'%!FGGZ<#!$%!)-.&'K+0)&+*%!
40(%10%/!H.)&*01(0D!&'+!,*(%5(,01!&'*+0&!305(%6!89(3&!: 0**-&)!()!&'+!1-))!0%/!/+6*0/0&(-%!-3!3-*06(%6!
'0=(&0&#!\0=(&0&!1-))!0%/!/+6*0/0&(-%!-55.*!,*(40*(12!/.+!&-!06*(5.1&.*01!0%/!-&'+*!10%/!51+0*(%6!(%!
&'+!9+)&!-3!&'+!),+5(+)7!9(%&+*(%6!*0%6+!0%/!*+)(/+%&(01a5-44+*5(01!/+B+1-,4+%&!(%!&'+!+0)&#!
\0=(&0&!3*064+%&0&(-%!0%/!/+6*0/0&(-%!()!1(%@+/!&-!+.5012,&!/(+=05@!0))-5(0&+/!9(&'!)+B+*+!/*-.6'&!
+B+%&)!0%/!9(1/3(*+)#!U*-.6'&!0%/!9(1/3(*+!0*+!=-&' !1(%@+/!&-!51(40&+!5'0%6+D!9'(5'!()!,*+/(5&+/!&-!
1+0/!&-!3.*&'+*!*+/.5&(-%)!(%!)9(3&!,0**-&!'0=(&0&#!
!
T.*!,-,.10&(-%!B(0=(1(&2!0%012)()!;:SH<!5-%3(*4+/!&'0&!)9(3&!,0**-&)!0*+!5*(&(50112!+%/0%6+*+/!0%/!
3-*+50)&!0!*0&+!-3!,-,.10&(-%!/+51(%+!9'+*+=2!&'+!),+5(+)!9(11!=+!3.%5&(-%0112!+E&(%5&!=2!&'+!+0*12!
FGJG7)!;\+(%)-'%!+&!01#!FG"R_!T9+%)!+&!01#!FGFF<#!C'+!,-,.10&(-%!90)!+)&(40&+/ !0&!0,,*-E(40&+12!
[RG!(%/(B(/.01)!(%!FGF"!;`+==!+&!01#!FGF"<!0%/!()!1(@+12!&-!=+!5-%)(/+*0=12!1-9+*!=2!&'+!&(4+!-3!
9*(&(%6!&'()!*+,-*&!(%!FGFR!;M(6.*+!"<#!!
!



&"
"

!

!!
!
!"#$%&'()'*%&+",-&+'./.$01-"/2'3"4&'56'6&1%'7%/8'./.$01-"/2'9"15"0"-6'121063"3',1%%"&+'/$-'56':&"23/;2'&-'10)'
<=(>)'*%&+",-"/23'12+'3-12+1%+'&%%/%'51%3'1%&'3;/?2'1-'7/$%'6&1%'"2-&%9103)'

!

567"#0+'/+8"9.0"0+:'22+.)+6".):")*+&")%3+'/+,-./0+1"&&'02 !
`+!*+5+%&12!Q.0%&(3(+/!&'+!5.4.10&(B+!(4,05&!-3!'0=(&0&!1-))!-%!89(3&!: 0**-&)!(%!&'+(*!9(%&+*D!,-)&K
=*++/(%6!4(6*0&(-%!*0%6+!(%!)-.&'K+0)&+*%!40(%10%/!H.)&*01(0!;?*0&+)!+&!01#!FGFR_!?*0&+)!0%/!
\+(%)-'%!FGFR<#!T.*!0(4!90)!&-!0))+))!9'+&'+*!)9(3&!,0**-&)!'0B+!).33(5(+%&!'0=(&0&!*+40(%(%6!-%!
40(%10%/!H.)&*01(0!&-!).,,-*&!&'+!,-,.10&(-%!/.*(%6!4(6*0&(-%D!0%/!&'+!(4,05&!-3!5-%&(%.(%6!'0=(&0&!
1-))#!`+!.)+/!:SH!&-!Q.0%&(32!&'+!5.4.10&(B+!(4,05&)!-3!&'+!1-))!-3!(4,-*&0%&!)9(3&!,0**-&!'0=(&0&!
05*-))!&'+!),+5(+)7!+%&(*+!9(%&+*(%6!*0%6+D!0%/!),+5(3(50112!0&!-%+!40A-*!)(&+!-3!'0=(&0&!1-))!;\.%&+*!
?+%&*01!?-0)&<D!-B+*!RGK"GG!2+0*)#!`+!4-/+11+/!0!*0%6+!-3!)5+%0*(-)!B0*2(%6!5-4=(%0&(-%)!-3!305&-*)!
(%51./(%6!3.&.*+!*0&+)!0%/!&'+!),0&(01!+E&+%&!-3!'0=(&0&!1-))D!&'+!50**2(%6!50,05(&2!-3!&'+!
+%B(*-%4+%&D!&'+!,*-,-*&(-%!-3!&'+!)9(3&!,0**-&!,-,.10&(-%!9(%&+*(%6!033+5&+/!=2!/+B+1-,4+%&)D!0%/!
&'+!&(4+)501+!-3!5-%5+*%#!H)).4(%6!&'+!&'*+0&)!(%!C0)40%(0!0*+!0//*+))+/!;5.**+%&12!%-&!&'+!50)+<D!
-.*!4-/+1)! ,*+/(5&+/!&'0&!&'+!89(3&!: 0**-&!,-,.10&(-%!9(11!/+51(%+!=2!0*-.%/!"Of!/.+!&-!1-)&!'0=(&0&!
-%!&'+!40(%10%/!01-%+!(#+#!3.*&'+*!&-!1-))+)!3-*+50)&!3*-4!-&'+*!50.)+)!,*(40*(12!(%!C0)40%(0#!T.*!
)&./2!+4,'0)()+/!&'+!%++/!&-!5-4,1+4+%&!.*6+%&!05&(-%!&-!0//*+))!&'*+0&)!(%!&'+!C0)40%(0%!
=*++/(%6!6*-.%/)!9(&'!&'+!,*+)+*B0&(-%!-3!9(%&+*(%6!'0=(&0&D!(3!&'+!1-%6K&+*4!3.&.*+!-3!&'+!)9(3&!
,0**-&!,-,.10&(-%!()!&-!=+!)+5.*+/#!!
!

+
;.$3:.8''*+'/ +2.%)./.#")0+.67"#02 +'/+<"(:32+=&33$+
=')0.)("0.')+1&'>3#0 !

`'+%!+B01.0&(%6!&'+!,-&+%&(01!3-*!)(6%(3(50%&!%+60&(B+!(4,05&)!-%!89(3&!:0**-&)!9(&'(%!&'+(*!9(%&+*!
*0%6+D!0%/!0&!&'+!,*-,-)+/!/+B+1-,4+%&!)(&+!4-*+!),+5(3(50112D!(&!()!(4,-*&0%&!&-!&0@+!&'+!3-11-9(%6!
,-(%&)!(%&-!5-%)(/+*0&(-%#!C'+)+!0*+!=0)+/!-%!&'+!10&+)&!*+)+0*5'!0%/!(%)(6'&)!(%&-!&'+!),+5(+)7!

G

RGG

"GGG

"RGG

FGGG

FRGG

!(*) !(*" !(!+ !(!, !(+*

!"
#$

%
&

'("
)*

+
(,

-



' "
"

9(%&+*!+5-1-62!0%/!4-B+4+%&)#!
!!
!"#$%&'(%(#)*++,#-./0%-%('*1#%1-#20%/3.1(%('*1#0.3%'1#(4.#)%0/.+(#(40.%(+#(*#
56'2(#7%00*(+#!
C'+!)(%61+!10*6+)&!&'*+0&!&-!89(3&!:0**-&)!5-%&(%.+)!&-!=+!&'+!-%6-(%6!1-))D!/+6*0/0&(-%!0%/!
3*064+%&0&(-%!-3!'0=(&0&D!9(&'!5.4.10&(B+!(4,05&)!3*-4!40%2!)4011+*!)501+!(4,05&)!;g/+0&'!=2!0!
&'-.)0%/!5.&)h<#!C'+!),+5(+)!()!10*6+12!/+,+%/ +%&!-%!'0=(&0&)!&'0&!0*+!01)-!V%/0%6+*+/!V5-1-6(501!
?-44.%(&(+)!;U??VV`!FGFL<#!C'()!(%51./+)!=-&'!&'+!/(*+5&!1-))!-3!'0=(&0&!3*-4!51+0*(%6!0%/!&'+!
,*-5+))!-3!.%%0&.*01!'0=(&0&!3*064+%&0&(-%!0%/!/()&.*=0%5+#!C'+)+!*+).1&!(%!&'+!*+/.5&(-%!(%!&'+!
&-&01!0*+0!-3!&'+!'0=(&0&!;*+/.5(%6!5'0%5+)!-3!3(%/(%6!).(&0=1+!3--/<D!0%/!/+5*+0)+)!&-!&'+!
(%&+*(-*a+/6+!*0&(-D!9(&'!5-%5-4(&0%&!(%5*+0)+)!(%!+/6+!+33+5&)!;40(%12!(%5*+0)(%6!,*+/0&(-%!0%/!
5-4,+&(&(-%!9(&'!066*+))(B+!),+5(+)!+#6#!Y-()2!>(%+*)D!W0(%=-9!I-*(@++&)<#!H1&'-.6'!)-4+!3-*06(%6!
)(&+)!3-*!89(3&!:0**-&)!0*+!5-%&0(%+/!9(&'(%!5-%)+*B0&(-%!*+)+*B+)D!4-)& !'0=(&0&!()!%-&!3-*40112!
,*-&+5&+/!0&!&'+!*+6(-%01D!)&0&+a&+**(&-*2!-*!%0&(-%01!1+B+1)!;U??VV`!FGFL_!80.%/+*)!FGGZ<#!C'+!
I+0*/!8&0&+!M-*+)&!()!51+0*12!0%!(4,-*&0%&!3-*06(%6!)(&+!3-*!89(3&!:0**-&)!;)++!=+1-9<!=.&!9(11!'0B+!
=++%!*+/.5+/!&-!)1(6'&12!4-*+!&'0%!'013!(&)!-*(6(%01!)(i+!;RLfD!0)!),+5(3(+/!(%!&'+!>??:!P$TU$SVW8$CX!
UVSVIT:>VYC!H88V88>VYC!WV:TWC<!/.+!&-!4(%(%6!/+B+1-,4+%&)!=2!&'+!&(4+!&'+!%+9!>0.1+)!
?*++@!/+B+1-,4+%&!()!(4,1+4+%&+/#!C'+!(4,05&)!(%51./+!/(*+5&!1-))!-3!,-&+%&(01!'0=(&0&D!
3*064+%&0&(-%!(%&-!)4011+*!0*+0)!-3!'0=(&0&D!0%/!'0=(&0&!/+6*0/0&(-%!(%51./(%6!&'*-.6'!+/6+!+33+5&)#!
!!
8"#56'2(#9%00*(+#*1):#;+. #+3%))#%0.%+#*2#6'1(.0#4%&'(%(#-.9.1-'1/#*1#64.0.#
(4.:#2'1-#6'1(.0#2)*6.0'1/#<;=%):9(;+ #!
C'+!9(/+ K*0%6(%6!%-40/(5!=+'0B(-.*!-3!89(3&!:0**-&)!()!0%!0/0,&0&(-%!&-!&'+!'(6'12!+,'+4+*01!0%/!
,0&5'2!0B0(10=1+!-3!&'()!*+)-.*5+!-B+*!B0)&!0*+0)#!89(3&!:0**-&)!4.)&!'0B+!40%2!,-))(=1+!'0=(&0&!
,0&5'+)!&-!+E,1-*+!+05'!2+0*!(%!-*/+*!&-!=+!0)).*+/!-3!3(%/(%6!)-4+!&'0&!'0B+!).33(5(+%&!31-9+*(%6!&-!
,*-B(/+!+%-.6'!3--/!3-*!&'+!,-,.10&(-%#!M1-9+*(%6!(%!0!1-501!0*+0!9'+%!(&!/-+)!-55.*!()!-3&+%!,*-1(3(5#!
89(3&!,0**-&)7!*0/(-K&*05@+/!9(&'(%!&'+(*!9(%&+*!*0%6+!(%!&9-!)+,0*0&+!)&./(+)!'0B+!*+B+01+/!A.)&!'-9!
)4011!&'+(*!9(%&+*!3-*06(%6!0*+0)!50%!=+D!0%/!'-9!(4,-*&0%&!&'+)+!)4011!'0=(&0&!,0&5'+)!0*+!3-*!
5-%)+*B0&(-%!-3!&'+!),+5(+)#!$%!FG"[!89(3&!:0**-&)!9+*+!&*05@+/!&-!*+B+01!9(%&+*!3-*06(%6!*0%6+!)(i+)!
=+&9++%!FRGKRGG'0!-3!'0=(&0&!3-*!&'+!+%&(*+!9(%&+*!,+*(-/D!(%51./(%6!0!'(6'12!5-%5+%&*0&+/!*--)&!)(&+!
).,,-*&(%6!.,!&-!JGf!-3!&'+!,-,.10&(-%!;80.%/+*)!FG"[<#!$%!FG"N!&'+!)4011!)(i+!-3!89(3&!:0**-&!
9(%&+*!3-*06(%6!'0=(&0&)!90)!3.*&'+*!+4,'0)()+/!9'+%!0,,*-E(40&+12!JGf!-3!&'+!,-,.10&(-%!;FGG!
=(*/)<!9+*+!5-%5+%&*0&+/!9(&'(%!O#Z!&-![R#O!'0!;80.%/+*)!FG"[<#!!
!
>"#56'2(#7%00*(+#%0.#?1*61#(*#;+.#(4.#+'(.#%1-#+;00*;1-'1/#%0.%#0.9.%(.-): !
8(6'&(%6!*+5-*/)!)'-9!&'0&!89(3&!:0**-&)!'0B+!=++%!*+,+0&+/12!-=)+*B+/!3-*06(%6!(%!I+0*/!8&0&+!
M-*+)&!%+0*!&-!&'+!5-%&(%.0&(-%!,*-A+5&!0*+0!0%/!0*+!B+*2!1(@+12!&-!.)+!&'+!5-%&(%.0&(-%!,*-A+5&!0*+0!
;)++!=+1-9<#!8(&+!3(/+1(&2!()!5-%)(/+*+/!&-!=+!(4,-*&0%&!3-*!&'+!1-%6K&+*4!).*B(B01!-3!4(6*0%&)!0&!
9(%&+*(%6!)(&+)!;S(110*/!+&!01#!"NNR<D!9(&'!*+)+0*5'!5-%/.5&+/!&'*-.6'!&'+!*+5-B+*2!,*-6*04!
/+4-%)&*0&(%6!&'()!()!&*.+!3-*!89(3&!:0**-&)!;j+%%+/2!0%/!TB+*)!FGG"D!j+%%+/2!0%/!Ci0*-)!FGGR_!
80.%/+*)!FGGZ<#!89(3&!:0**-&)!0*+!@%-9%!&-!*+&.*%!&-!&'+!)04+!)(&+)!*+,+0&+/12D!(%51./(%6!&'+!)04+!
(%/(B(/.01!&*++)!2+0*!03&+*!2+0*!;80.%/+*)!0%/!\+(%)-'%!FGGZ<#!\-9+B+*D!&'+!(4,-*&0%5+!-3!0*+0)!
9'+*+!)(&+!3(/+1(&2!'0)!%-&!=++%!+)&0=1()'+/!)'-.1/!%-&!=+!/()4())+/!0)!(&!402!=+!/.+!&-!
-=)+*B0&(-%01!0%/!055+))(=(1(&2!1(4(&0&(-%)!&-6+&'+*!9(&'!1-%6K&+*4!*+)-.*5+!0B0(10=(1(&2!5251+)!
;80.%/+*)!5#("-1(FGG[<#!C'+!Y0&(-%01!89(3&!:0**-&!W+5-B+*2!:10%!;U??VV`!FGFL<!%-&+)!&'0&!,*(-*(&2!



( "
"

'0=(&0&)!-3!,0*&(5.10*!(4,-*&0%5+!3-*!5-%)+*B0&(-%!40%06+4+%&!-3!&'+!),+5(+)!(%51./+!)(&+)!&'0&!0*+!
.)+/!=2!10*6+!,*-,-*&(-%)!-3!&'+!89(3&!:0**-&!,-,.10&(-%!*+,+0&+/12!-B+*!&(4+!;)(&+!3(/+1(&2<!0%/!3-*!
+E&+%/+/!,+*(-/)!-3!&(4+!;)(&+!,+*)()&+%5+<#!!
!
84011!31-5@)!;FKN!(%/(B(/.01)<!0%/!)(%61+!=(*/)!9+*+!*+5-*/+/!3*-4!0%!0*+0!+0)&!-3!&'+!/+B+1-,4+%&!
)(&+!-%!FN!-550)(-%)!=+&9++%!FG"F!0%/!FGFJ!;P(-Y+&<#!C'+!*-0/!%+&9-*@!-%!I+0*/!8&0&+!M-*+)&!()!
1(4(&+/!)-!&'+!5-%5+%&*0&(-%!-3!)(6'&(%6)!,*-=0=12!*+31+5&)!&'0&!&'()!()!0%!055+))(=1+!0%/!,-,.10*! ,-(%&!
3-*!=(*/!90&5'+*)!0%/!%0&.*01()&)#!M.*&'+*!-=)+*B0&(-%)!(%51./(%6!31-5@)!-3!FG!;FGFF<!0%/!"O!
(%/(B(/.01)!;FGFJ<!9+*+!40/+!/.*(%6!).*B+2)!3-*!&'+!%+0*=2!P-660=*(!5-01!4(%+#!P+50.)+!&'+!'0=(&0&!
()!)(4(10*!05*-))!I+0*/!8&0&+!M-*+)&!(&!()!'(6'12!1(@+12!&'0&!4.5'!-3!&'+!3-*+)&!()!*+6.10*12!B()(&+/!=2!
89(3&!:0**-&)!+05'!2+0*D!9(&'-.& !&'+)+!+B+%&)!=+(%6!*+5-*/+/ !=2!=(*/!90&5'+*)#!C'+!,*-,-)+/!
/+B+1-,4+%&!)(&+!0%/!).**-.%/(%6!0*+0)!5.**+%&12!3-*4!0!5-%&(6.-.)!0*+0!-3!@%-9%!'0=(&0&!&'0&!
0,,+0*) !&-!)&(11!3-*4!0!10*6+!+%-.6'!'0=(&0&!,0&5'!&-!,*-B(/+!).33(5(+%&!*+)-.*5+)!(%!+%-.6'!2+0*)!
).5'!&'0&!&'+!=(*/)!*+&.*%!*+,+0&+/12!1+0/(%6!&-!'(6'!)(&+!3(/+1(&2!0%/!,+*)()&+%5+#!C'+!(%&+6*(&2!0%/!
B01.+!-3!I+0*/!8&0&+!M-*+)&!&-!89(3&!:0**-&)!()!'(6'12!1(@+12!&-!=+!(4,05&+/!=2!&'+!3.*&'+*!1-))!-3!
'0=(&0&#!!
!

@"#A.9.1-.1=.#*1#2;1=('*1%)#2*0%/'1/#4%&'(%(#!
H1&'-.6'!89(3&!:0**-&)!)++@!9(%&+*!3--/!*+)-.*5+)!-B+*!0!B+*2!9(/+!*0%6+D!&'+!0*+0!-3!3.%5&(-%01!
'0=(&0&!;'0=(&0&!05&.0112!,*-B(/(%6!055+))(=1+!3--/!*+)-.*5+)<! ()!-3&+%!0!)4011!3*05&(-%!-3!&'+!&-&01!
,-&+%&(01!'0=(&0&!(%!0%2!6(B+%!2+0*!;`+==! 5#("-1(FG"[<#!C'()!'(6'1(6'&)!&'+!(4,-*&0%5+!-3!,*-&+5&(%6!
011!*+40(%(%6!'0=(&0&!&'0&!()!@%-9%!&-!=+!.)+/!=2!&'+!),+5(+)!0)!(&!()!011!1(@+12!&-!=+!(4,-*&0%&!-B+*!
4.1&(,1+!2+0*)D!+),+5(0112!(%!2+0*)!9(&'!,--*!0&+"-76#&'!31-9+*(%6!;+#6#!/*-.6'&!2+0*)<#!M.*&'+*D!
4 (6*0&(-%!()!+E&*+4+12!+%+*6+&(50112!+E,+%)(B+#!89(3&!:0**-&)!9(11!-%12!312!0)!30*!0)!&'+2!%++/!&-D!3-*!
+E04,1+D!(3!'0=(&0&!(%!%-*&'+*%!S(5&-*(0!'0)!).33(5(+%&!31-9+*(%6!&'+2!402!6- !%-!3.*&'+*!&'0&!)+0)-%#!
\-9+B+*!(3!&'+2!/-!%-&!3(%/!).33(5(+%&!3--/!(%!S(5&-*(0!&'+2!4.)& !5-%&(%.+!&'+(*!)+0*5'!0%/!9(11!
5-%&(%.+!%-*&'90*/)!-3&+%!0)!30*!0)!%-*&'+*%!Y8`!0%/!-550)(-%0112!)-.&'+*%!e.++%)10%/#!C'+2!50%!
1-)+!.,!&-!RGf!-3!&'+(*!=-/2!9+(6'&!-%!4(6*0&(-%!;HPPP8!/0&0<!0%/!0*+!1(@+12!&-!).33+*!'(6'!4-*&01(&2!
(%!2+0*)!9'+%!*+)-.*5+)!0*+!)50*5+#!$3!&'+2!*+05'!I+0*/!M-*+)&!&'+2!'0B+!31-9%!4-*+!&'0%!"RGG@4!
3*-4!&'+(*!=*++/(%6!6*-.%/)!(%!C0)40%(0!0%/!402!%-&!'0B+!&'+!*+)+*B+)!%++/+/!&-!).*B(B+!&'+!%+E&!
1+6!-3!&'+(*!A-.*%+2!(3!&'+*+!0*+!(%).33(5(+%&!31-9+*(%6!&*++)#!C'+!*+,+0&+/!)(6'&(%6)!-3!89(3&!:0**-&)!0&!
I+0*/!8&0&+!M-*+)&D!(%51./(%6!)(i+0=1+!31-5@)!-3!"OKFGD!5-%3(*4)!&'0&!(&!,*-B(/+)!+))+%&(01!'0=(&0&!(%!
2+0*)!9'+%!3--/!*+)-.*5+)!0*+!%-&!0B0(10=1+!3.*&'+*!)-.&'#!C'+!3.*&'+*!*+/.5&(-%!(%!0B0(10=1+!'0=(&0&!
9(11!/+5*+0)+!&'+!1(@+1('--/!&'0&!&'+*+!0*+!).33(5(+%&!3++/!&*++)!(%!31-9+*!9'+%!&'+2!0**(B+!0&!I+0*/!
8&0&+!M-*+)&#!C'()!()!1(@+12!&-!(4,05&!&'+(*!5'0%5+)!-3!).*B(B(%6!&'+!9(%&+*!4(6*0&(-%#!
!

())*))#*+,'-.')/0+/./1$+,'/#2$1,'1%/,*%/$'$+3'# /,/0$,/-+'#*$)"%*)'
.-%'!4/.,'5$%%-,)'$%*'/+$3*6"$,* '
\+*+!$!%-&+!(%0/+Q.05(+)!(%!0*6.4+%&)!40/+!5-%5+*%(%6!)(6%(3(50%&!(4,05&!5*(&+*(0!*+1+B0%&!&-!89(3&!
:0**-&)!(%!&'+!>??:!P$TU$SVW8$CX!UVSVIT:>VYC!H88V88>VYC!WV:TWC!;,6!LGGD!(%!C0=1+!["<#!!
:-(%&!"!(%!C0=1+!["!)&*+))+)!&'0&!51+0*(%6!- 3!9--/10%/!3-*+)&!9(11!4-)&12!-55.*!(%!0!51+0*(%6!9(%/-9!
;10&+!).44+*!0%/!+0*12!0.&.4%<D!9(&'!)-4+!+E5+,&(-%)#!C'()!5-%)(/+*0&(-%!()!-3!*+10&(B+12!1-9!
(4,-*&0%5+!3-*!89(3&!:0**-&)!0)!1-))!-3!3-*06(%6!'0=(&0&!()!&'+!,*(40*2!5-%5+*%#!!
:-(%&!F!)&*+))+)!&'0&!%-!*+5-*/)!+E()&!3-*!&'+!89(3&!:0**-&!(%!&'+!)&./2!0*+0!0%/!/+B+1-,)!0%!



) "
"

0*6.4+%&!&'0&!&'+!HTT!9(11!%-&!=+!*+/.5+/#!\-9+B+*D!0)!-.&1(%+/!0=-B+D!(&!()!'(6'12!1(@+12!89(3&!
:0**-&)!.)+!'0=(&0&!(%!&'+!H5&(-%!H*+0#!Y-&!3(%/(%6!89(3&!:0**-&)!(%!-%+!,0*&(5.10*!&(4+!,+*(-/!4+0%)!
B+*2!1(&&1+!6(B+%!&'+(*!9(/+12!%-40/(5!=+'0B(-.*!0%/!/+,+%/+%5+!-%!40%2!'0=(&0&!,0&5'+)!-B+*!
4.1&(,1+!2+0*)#!
:-(%&!L!)&0&+)!&'0&!RLZ#[!'0!-3!,-&+%&(01!3-*06(%6!'0=(&0&!9-.1/!=+!,*-6*+))(B+12!51+0*+/!=2!&'+!
H5&(-%#!$&!0*6.+)!&'0&!,*-6*+))(B+!*+'0=(1(&0&(-%!-3!&'+!,-)&!4(%+!10%/3-*4!0%/!*+)&-*0&(-%!-3!3.*&'+*!
0*+0)!9(11!.1&(40&+12!(%5*+0)+!&'+!0*+0!-3!,-&+%&(01!3-*06(%6!'0=(&0&!3-*!89(3&!:0**-&)#!H1&'-.6'!
5-44+%/0=1+D!&'+!,10%%+/!10%/)50,+!*+)&-*0&(-%!()!1(@+12!&-!-55.*!&--!10&+!&-!'+1,!&'+!89(3&!:0**-&!
,-,.10&(-%!0)!(&)!%.4=+*)!/+5*+0)+!)'0*,12!).5'!&'0&!+E&(%5&(-%!()!,*+/(5&+/!9(&'(%!"G!2+0*)#!
M.*&'+*D!&'+!)&0&+4+%&!&'0&!01&+*%0&+!3-*06(%6!*+)-.*5+)!9-.1/!5-%&(%.+!&-!-55.*!(%!&'+!'0=(&0&!
-.&)(/+!-3!&'+!H5&(-%!H*+0!()!-%12!1(@+12!&-!=+!&*.+!)-4+!-3!&'+!&(4+#!H)!0*6.+/!0=-B+D!89(3&!:0**-&)!
0*+!-%12!1(@+12!&-!4-B+!0)!30*!%-*&'!0)!I+0*/!8&0&+!M-*+)&!;0%/!)(&+)!+B+%!3.*&'+*!%-*&'!+#6#!)-.&'+*%!
e.++%)10%/<!9'+%!&'+2!'0B+!&*-.=1+!1-50&(%6!3--/!*+)-.*5+)!(%!&'+!)-.&'!-3!&'+(*!9(%&+*!*0%6+!;+#6#!
S(5&-*(0<!0%/!402!=+!,'2)(-1-6(50112!)&*+))+/!=2!&'+!&(4+!&'+2!0**(B+#!C'+*+!()!%-!6.0*0%&++!&'+2!9(11!
3(%/!-&'+*!3-*06(%6!)(&+)!(3!,0&5'+)!(%!I+0*/!M-*+)&!0*+!%-&!0B0(10=1+!&-!&'+4#!W+4-B(%6!'0=(&0&!0&!
)(&+)!0)!30*!%-*&'!0%/!0)!3*+Q.+%&12!B()(&+/!=2!89(3&!:0**-&)!0)!I+0*/!8&0&+!M-*+)&!402!05&.0112!50.)+!
6*+0&+*!'0*4!&-!&'+!),+5(+)!&'0%!*+4-B01!-3!'0=(&0&!+1)+9'+*+!=+50.)+!&'+!=(*/)!0*+!51+0*12!(%!6*+0&!
%++/!9'+%!&'+2!5'--)+!&-!.)+!&'+4#!!
:-(%&!O#!C'+!1-))!-3!RLN#L!'0!(%!&'+!H5&(-%!H*+0!()!-B+*!JGf!-3!&-&01!'0=(&0&!(%!&'+!9(/+*!)&./2!0*+0#!
C'()!()!0!40A-*!0%/!,*-=0=12!0!B+*2!(4,05&3.1!1-))!-3!'0=(&0&#!H)!0=-B+D!,*-B()(-%!-3!3.&.*+!'0=(&0&!
402!=+!&--!10&+!&-!'+1,!)0B+!&'+!),+5(+)!3*-4!+E&(%5&(-%#!C'+!)04+!*+)+*B0&(-%!0,,1(+)!&-!: -(%&!N!
0%/!&'+!?-%51.)(-%!;N#R#F#"<!,*+)+%&+/!-%!,06+!LGF#!
!

+
+
=')#:(2.') 2!

89(3&!:0**-&)!0*+!04-%6!-.*!4-)&!5*(&(50112!+%/0%6+*+/!=(*/!),+5(+)_!05&(-%!&-!)0B+!&'+!9(1/!
,-,.10&(-%!3*-4!+E&(%5&(-%!4.)&!-55.*!9(&'(%!&'+!%+E&!"G!2+0*)#!H5&(-%)!1(@+12!&-!50.)+!3.*&'+*!
/+51(%+!4.)&!=+!0B-(/+/#!C'+!.%.).01!+5-1-62!-3!89(3&!:0**-&!9(%&+*!4-B+4+%&)!40@+)!,*+)+*B0&(-%!
-3!*+40(%(%6!'0=(&0&!-%!40(%10%/!H.)&*01(0!+))+%&(01!3-*!&'+(*!5-%)+*B0&(-%#!C'+!'(6'!3*+Q.+%52!-3!
B()(&0&(-%!5-%3(*4)!&'0&!I+0*/!8&0&+!M-*+)&!()!0%!(4,-*&0%&!9(%&+*!3-*06(%6!)(&+!3-*!89(3&!:0**-&)#!$%!
&'()!*+,-*&!$!-.&1(%+!'-9!&'+!,*-,-)+/! H5&(-%)!*+60*/(%6!&'+!>0.1+)!?*++@!?-%&(%.0&(-%!:*-A+5&!0*+!
1(@+12!&-!'0B+!40A-*!(4,05&)!-%!89(3&!:0**-&)!&'0&!'0B+!%-&!=++%!3.112!*+5-6%()+/!-*!0//*+))+/!(%!&'+!
>??:!P$TU$SVW8$CX!UVSVIT:>VYC!H88V88>VYC!WV:TWC#!$%!,0*&(5.10*!&'+!>??:!P$TU$SVW8$CX!
UVSVIT:>VYC!H88V88>VYC!WV:TWC!'0)!%-&!*+5-6%()+/!&'+!(4,-*&0%5+!-3!&'+!,-&+%&(01!3-*06(%6!
'0=(&0&!&'0&!9(11!=+!1-)&D!0%/!'0)!4())+/!&'+!5*(&(501!,-(%&!&'0&!&'+!,*-B()(-%!-3!3.&.*+!'0=(&0&!&'*-.6'!
*+)&-*0&(-%!9(11!%-&!-55.*!(%!&(4+!&-!'+1,!&'()!),+5(+)!0B-(/!+E&(%5&(-%#!C'.)!& '+!3.*&'+*!1-))!-3!
'0=(&0&!3*-4!H5&(-%)!5-%5+*%(%6!&'+!>0.1+)!?*++@!?-%&(%.0&(-%!:*-A+5&!()!1(@+12!&-!'0B+!)+*(-.)!0%/!
(**+B+*)(=1+!(4,05&)!-%!89(3&!:0**-&)D!0!),+5(+)!@%-9%!&-!=+!(%!0!*0,(/!*0&+!-3!/+51(%+#!

"
! #



*"
"

B.2.0.1=.+# !
?-44-%9+01&'!-3!H.)&*01(0!;FG"O<#!8$.5"#595/(:65+*5'(:#."#527(;+#*,9(4-"9(<=>?@>A(@(<=()*./'()7(
<=<=(;?0%=+**0#<!!
!
?*0&+)!WD!Y.)+*!YD!\+(%)-'%!W!;FGFR<#!e.0%&(32(%6!:0)&!0%/!:*+/(5&(%6!M.&.*+!?.4.10&(B+!I-))!-3!
\0=(&0&!3-*!0!?*(&(50112!V%/0%6+*+/!Y-40/(5!P(*/#!;&'#."-(0+,-,27B(FGFR_!RGc+[GGJG!"!-3!"L!
'&&,)caa/-(#-*6a"G#""""a0+5#[GGJG!
!
?*0&+)!W!0%/!\+(%)-'%!W!;FGFR<!e.0%&(32(%6!&'+!5.4.10&(B+!(4,05&!-3!9(%&+*!'0=(&0&!1-))!-%!
0!5*(&(50112!+%/0%6+*+/!4(6*0&-*2!,0**-&#!?-%)+*B0&(-%!85(+%5+!0%/!:*05&(5+#!FGFR_[c+[GGR[#!!
'&&,)caa/-(#-*6a"G#""""a5),F#[GGR[!
!
U??VV`!;FGFL<#!Y0&(-%01!W+5-B+*2!:10%!3-*!&'+!89(3&!:0**-&D!!"#$"%&'(/*'+,-,. #!?0%=+**0c!
U+,0*&4+%&!-3!?1(40&+!?'0%6+D!V%+*62D!&'+!V%B(*-%4+%&!0%/!`0&+*#!
!
\+(%)-'%!W#D!`+==!>#D!I05D!W#D!C+*0./)!H#D!H1/+*40%!W#D!k!8&-A0%-B(5!U#!;FG"R<#!H!)+B+*+!,*+/0&-*K
(%/.5+/!,-,.10&(-%!/+51(%+!,*+/(5&+/!3-*!+%/0%6+*+/D!4(6*0&-*2!)9(3&!,0**-&)!;!"#$"%&'(/*'+,-,. <#!
C*,-,2*+"-(D,9'5.3"#*,9D!"ZOD![Rl ZF#!
!
\+(%)-'%!W#D!T10'!]#D!`+==!>#D!:+0@011!W#D!k!8&-A0%-B(5!U#!;FG"N<#!8+E!*0&(-!=(0)!0%/!)'0*+/!
,0&+*%(&2!*+/.5+!(%/(B(/.01!3(&%+))!0%/!,-,.10&(-%!B(0=(1(&2!(%!0!5*(&(50112!+%/0%6+*+/!,0**-&#!
E,&.9"-(,F(;9*%"-(0+,-,27D!ZZD!RGFl R"G#!
!
j+%%+/2D!8#!0%/!Ci0*-)D!?#!;FGGR<#!M-*06(%6!+5-1-62!-3!&'+!)9(3&!,0**-&!!"#$"%&'(/*'+,-,. !(%!&'+!P-EK
$*-%=0*@!3-*+)&)!0%/!9--/10%/)!-3!S(5&-*(0#!4"+*F*+(D,9'5.3"#*,9(C*,-,27!""D!"RZK"[J#!!
!
j+%%+/2D!8#!m#!0%/!TB+*)D!H#!V#!;FGG"<#!M-*06(%6!+5-1-62!0%/!'0=(&0&!.)+!-3!&'+!)9(3&!,0**-&!-%!&'+!
)-.&' K9+)&+*%!)1-,+)!-3!Y+9!8-.&'!`01+)#!D,.5--"!FRD!OZK[L#!!
!
YV8:!C8W!\.=!;FG"N<#!8$.5"#595/(:65+*5'(:#."#527(G5".(H(:+,.5+"./(I (:J*F#(4"..,##!Y0&(-%01!
V%B(*-%4+%&01!85(+%5+!:*-6*04!;YV8:<!C'*+0&+%+/!8,+5(+)!W+)+0*5'!;C8W<!\.=D!?0%=+**0#!!
!
T9+%)D!]D!\+(%)-'%D!WD!?*0&+)D!WD!8&-A0%-B(5D!W#!;FGFJ<#!I-%6K&+*4!+5-1-6(501!/0&0!5-%3(*4!0%/!*+3(%+!
5-%)+*B0&(-%!0))+))4+%&!-3!5*(&(50112!+%/0%6+*+/!)9(3&!,0**-&)#!;9*%"-(D,9'5.3"#*,9D!FOD!LRGl LOJ#!
!
80.%/+*)D!U#!I#!;FGGZ<!0+,-,27("9/(+,9'5.3"#*,9(,F(#$5(:J*F#(4"..,#(@("9(59/"925.5/("&'#."-(%*2."9#1(
:'U!C'+)()!;H.)&*01(0%!Y0&(-%01!b%(B+*)(&2c!?0%=+**0#<!
!
80.%/+*)D!U#!I#!;FG"[<#!W0/(-K&*05@(%6!4-B+4+%&)!-3!5*(&(50112!+%/0%6+*+/!89(3&!:0**-&)!;!"#$"%&'(
/*'+,-,. <!9(&'(%!&'+!W(B+*(%0D!Y+9!8-.&'!`01+)1(K*35.*9"(!,+"-(!"9/(:5.3*+5'(4.,L5+#(KM=><<>1(!
!
80.%/+*)D!U#!I#!;FG"N<#!W0/(-K&*05@(%6!4-B+4+%&)!-3!5*(&(50112!+%/0%6+*+/!89(3&!:0**-&)!;!"#$"%&'(
/*'+,-,. <!9(&'(%!&'+!C0*5.&&0a\.4.10!0*+0!-3!&'+!W(B+*(%0D!Y+9!8-.&'!`01+)#!K56,.#(6.56".5/(F,.(#$5(
K*35.*9"(!,+"-(!"9/(:5.3*+5'(4.,L5+#(KM=<NOH#!!
!
80.%/+*)D!U#!I#!0%/!\+(%)-'%D!W#!;FGGZ<#!`(%&+*!'0=(&0&!.)+!=2!&'+!+%/0%6+*+/D!4(6*0&-*2!89(3&!
:0**-&!;!"#$"%&'(/*'+,-,. <!(%!Y+9!8-.&'!`01+)#!0%&(@(;&'#."-(P.9*#$,-,27("GZD!Z"KZN#!/-(c!
"G#"G["a>bG[GJJ#!!
!



!+ "
"

8&-A0%-B(5D!U#D!`+==D!>#!\#D!H1/+*40%D!W#D!:-*3(*(-D!I#!I#D!k!\+(%)-'%D!W#!;FG"L<#!U()5-B+*2!-3!0!%-B+1!
,*+/0&-*!*+B+01)!+E&*+4+!=.&!'(6'12!B0*(0=1+!4-*&01(&2!3-*!0%!+%/0%6+*+/!4(6*0&-*2!=(*/#!Q*35.'*#7(
"9/(Q*'#.*)&#*,9'D!FG;"G<D!"FGGl "FG[#!
!
`+==D!>#!\#D!C+*0./)D!H#D!C.11-5'D!H#D!P+11D!:#D!8&-A0%-B(5D!U#D!0%/!\+(%)-'%D!W#!;FG"[<#!C'+!
(4,-*&0%5+!-3!(%5-*,-*0&(%6!3.%5&(-%01!'0=(&0&)!(%&-!5-%)+*B0&(-%!,10%%(%6!3-*!'(6'12!4-=(1+!),+5(+)!
(%!/2%04(5!)2)&+4)#!D,9'5.3"#*,9(C*,-,27(J"D!"G"ZK"GFZ#!/-(c!'&&,)caa/-(#-*6a"G#""""a5-=(#"FZNN#!
!
`+==!>D!8&-A0%-B(5!8D!W-/+*(5@!>D!80.%/+*)!UID!\-1/)9-*&'!>D!\+(%)-'%!W!;FGF"<D!89(3&!:0**-&)!
!"#$"%&'(/*'+,-,. #!$%!8$5(;+#*,9(4-"9(F,.(;&'#."-*"9(C*./'(<=<=#!;V/)!8C!]0*%+&&!0%/!]P!P0@+*<!,,#!
LF[KLJ"#!?8$WT!:.=1()'(%6D!>+1=-.*%+#!



���������&�

	
���
��������������
�������������

	����'��
��(����

	����������
��������



���������	�
�����
�����
��������
����������������������������������
��������������������������������������
�����
���������

����������������������������������
������������
��� �
!�� ���"� !������������"����
������#�

��������
�������������� 
���$

������	
��

������������

�������
���
��
�����
�
����
��� � ���� � %�

 � 
��� � &'#( � )*+���� � ������� � �����������
������������ � �� � �������� � 
��� � �� � %����
������ ��������������%����
���������������#�,��"���������������������#

������
��
��������

����������������������
����
�
���
����

�� � ���
�%��-������%���� ���� ������ � �%����. ���

 �������� ���
� ������ ��� ������������ �
�����!
����
����������
���
���"�%��������� �������� ��
����� ��/�������%��%���������/���0������#

���������
�������������

������
��
��� � ��� � ���� � ��� � ������ � ��� � 
��� � ��
�� � �� � ���� �%���� � �� � ���� � ��� � ����������! � 
������! � �� �  
�"���
����������#�����"�������
������ ����12�/�

���������3!444������#

������������������
���

����������

���������
�������
���
�
��	��
5��
����12#3�/�

��������������
� ������� ��������6����������
/� ���

!����
� ������������� �!����
�����
�����"���! � ��� � ���"�������# � � � ��


 ��� �  �"������� � %��� � �
��������� � 
��� � ���� � ��� � ��� � /���
����������#�5�����
��������/����������������� ������!�����
��+���������
�������#

�� ����!
�����
�������������

������
��"���
��
���/
���
������������� ��������

����������
������"������������������������������ �����������������
�
���"����%���������������������
� 
�"���!�%����!�����/���������������
�#

��#��������"��
�
���
��������������
���������%�

� �������������������/
� �
��/�
������
��������

��������!������ ��/
�!�������������
����
 
�������������������������#��������"������/��������"����� ��������������
#

�����7����%� ���� �

�� ��

���������� 
��"��"�����������57������
�������� �����8���������������

���������
����������������� ������%�

� ����������������� ��
������ ���"� ���� �"����������������
���"�������� ��
������ ���"� �
����������������9����
�����:#

���$
���������$
����
�

�����%��
��&�����
��
�'
�
����(���

�
���������;��������242<�������� ��/�������
���
���"�%�����/�
�� ������������
�������������
�����
����� � � � 3!444
���� � ��"�
����� � �����"�� � /� � ��*= �  
�"��� � ���� � -3>>8
242?.# � ��� � ����
 � ���� � ��
����� ������ ���� ��� �������
����� �%�����
���
 �����������"���
� �3'>
3??�"�	@!�%�� ���� �3<<�"



/�
�%����������
�%�
���
!����� ���������%�

���� �������������"������������%����������%�����������
���������������-���������;!��#�3?2.#

������	
��

�����)���������
���
�������������
��������������������������������"��������3!><2�""!�%������84������ ����
����
�����
3!88?�""#�����"���

���������������A��
����������������"�����!����� ���/������ �������4#><���
�  ���������������������%��������� �����%������������������"�����-���������;!��#�84.#

����"���������������� ����������244����-2!444!444�"B.!�����"�����������������
���������C

� &'#(4�)*+������������������� ���������#

� &'#88�)*+�����������84������ ����
��������������� �������#

����������"���������������
� ��
���  ������������������ ����������������������������� 
�"���� ������
/������������� �
�������#

�����*����+���,��
�������
���(�
�
����
��
�������
���"����������%�����/�
�� �������������A���0��
�/���"�
���
!������ ��%���������������%��������
�%�
"�����������"���
��"�� ��������������
�����#����������C

� &'#(4�)*+�����������
�%������0�������������������� 
�"���� �������������������������������#

� ������0����������������"���
��34#3��*+���#

���������;��������8#?����� �������
�������"�������%��������
�%������
��?'4��*+�����������#

����"���C

� ������
� �� �"������������??4���!����%�� ��244���������������
�����#

� ��������
�������

����D44�""+����#

� ��������� ����� ��������'4
<4E������������
����� �� �"���������-2?4���.#

��������"���������� ��%������������%��
��/�C

� &4#?'����4#(2�)*+��������"�������

�����������
����� �� �"����-2?4����F�D44�""�F�4#'
4#<�
������� ����� ����.#

� G3#2�)*+��������� �
�����"�������

�������������������� ������
��-244����F�D44�"".#

� ����
������ �����
�%�H�&3#D'����3#82�)*+����!������� 
������������%��������
�%#

���������%�����������������&?'4��*+��������������%��������
�%!����������� ���"��� �����/����
&2#4D����2#'<�)*+����!�%�� ��������

�/�
�%�������0������&'#(�)*+�����������������
���#�

�����-���������
�����������������������%�

���"���������������������� �����
�������
�%���������������"����#

�� ��$������
����
�.��
�
����/

+��+��
������������*�����
�����
��������� ������
�������������������
���
���"�������%���������������� �� ������/������"��������
�������������������� ���� �����0������#��������!��������� �
��!� ��
��/����/6� ���������� �
�
������
���
�����
����%��%����%������������������� ������� ���������#



,��"����������"�����������
���
���"�����/�
��������������������������������������������;����
"�������������������
��"�� �#� ����������"�6�����������������
����!�/� �����������"���������/�����
%�

�����/������� ���������������������"���#

�����0��
��������!��%��
��&���

���������
�������-��������	
��

�����)�����
�����������"�����'#(�)*+�������������������%��������"���������
������%������������"��������
�/
�
��������� ��������!��������������� ���"� ���
���%��
��/��������� ���#

����������	�
����
�����
�	��

����"���������������
�������� �����12<4+�*���������A����

���C��������� ����� ����������%������ ���
����� � � %���� � 
���� � /�� �"���� � ��� � ��� � *�%�� � ,�"��! � %�� � � ������

� � ����� � /��%���
1244
1?44+�*+��������������������
��/�
���������

� ������ ����������-��������I� �/����� �����!
2423$�,�5�@J��!�242?.#

� ���������
������������� �������182<!444#

� =����3!444������!�������0���������182<�"�

�������
������
���-����� ������.#

�����������
��		������
����
�	��

����"����(��*+���%����������������������� �����C

� <2>������� ������ ��
��/�����������������

�#

� ���>�/�
��+�������1<44�����/�
�!�����������������12#33�"�

���������������� ��������
��#

� =��� �3!444������!���� � �"�
����� �������������  ��� �%��
�� /�� �������"���
� �12#33�/�

��� ���
�����A����

����-����� ������.#

�����������		�
���
���������
��
�� ��
����	
������
������������
� ��
�������
������
������
�����
�
�		
������
���
�������������
���������������
����������
����� �
���������������������
�
�����
����

�		�����	
�������������
�������
�����!��������
��������
���
������
�����
���		�
���"�����#�$%�	�

�����& ������		�
�����������������
���������������'���
��
�
�������
�������	�����
���������
����
��

���
����
��
�����
�	�����

������� ������������
�����
���
���"�� ���"� ������
������������
���������������#�����%�����
������
����������� �  ��
� � ���� � �����%��� � ��������� � ������� � ����
��� �! � ���� � ����� ����! � ��� � �������

����������#���� �
� � ���� ���
/����������
���� ������"���� ������������� �/���� ������  ������������

/����� ��
!�����������������
�������������
���
���"�
����������� �"�#

������
��� ���������%��������,�5�5�����������"����� ��2444A���/6� ����������������������� ��������
�0����/
��%���������� ���� ������!������ �
��
���������
�

� �������� 
�"���
��
����/
�� �� �"����#
���� � ������� �� � ��� � �"������ � � �� � �� �������� � � ���"� � ����������� �  ���� � �� � 
���
���" � ����
�
������!����� ��

��%����"������/�� �"����� 
���
�������������������/�
��������
���������!�������

��
���%����������-��������I� �/����� �����!�2423$�,�5�@J��!�242?.#

�����(�

������-
�����
�'
�����������!��%��
��&���
���������������������������������������� ��������%�����
���������������

��12#33�/�

������� ��/��
�/���!��������������
���
������/����� ��
�
������������
��/���� 
����#����������

�%������ �����%�



 ��

�����������6�������������
������ ��������"�������/� ���

���������� 
��"������������
���������
��������� �����������/����� ��
�
�������������

�������������������������#

�������	������������
������������������
��������������

���������������������;������������������������������������"����� ��������"������������
���
���"
"�����"��� � �� � ��� � ����
 � ����! � �� 
����� � "���������! � %���� � 0��
��� � "�����"���! � �� � ����� �

��"��������#������
� ����������
��/� �������������� �������
��������������������

��#

K��� �� ������� 
���C

� �/��� �����%��
�
��

���� ������C������������� �"���������������� ��
�"���

�������
���

���" � ���� � "�������� �! � �� 
����� � ��� �  ��� � �� � ������%���� �0��
��� � "���������! � ���
%����
 �����
!���� ���!��������!����������������"�����"���������� 
�"���������/�
���#

� ����������� � 
����� � �������
����C � ��� � ��� � ���� � ��� � 0������� � ��� � ����������� �  ��� � ��
�����������%������������"���������
��/�
���!��������������� �������'#(�)*+�����%�

�/��
���
��������

�!������������������/�������
��������"����
������ ���"� ��������
���#

� ,��/� ���

���������/�
���� �"�������C�����������
�������������"�-���� �"����(!��#��(

'3.� 
��"� � �� � ���������
 � ��������� �  ��� � �� �12#3�/�

��� �%��
� � /� � �� ����� � �� � ������� � ���
�
��������� � ����
 � 
������" � -��*. � ����
���� � ��

 � /� ���

# � 	�%����! � ���� � ������ � 
� ��
���"������� � ��� �  ���
���� � ����
%��� � ����������
 �  ��� � �� �
����� � %��� � 
������"
��� ��� 
� �����! � "����� � �� � �������/
� � ��� �  �"������ � ��� � ��� � /������ � �� � /� ���

��� � ������ � ����
���������#

� L�����������

�����
���C�����12#3�/�

����������������������������%������ 
������� ������!��J�
�� �
�����!������� ���������!����� �������������� �#�7���
������ �������������%������������
���
� ���������
���� �����
� ���!�
���
��
"����=J�M!������� �������
��/�
�����#

� J�/
� � �����������������C���������/��� ������� 
���
������������������ �������
 
�������
��!
����� � �� � � � ���� � ���� � ������ � ������"���� � �� �  �""������� �%�

 �/��� � ��� �  ��� � �� �"���������!
�� �����!������"�������������������������������#

����/��������� ��
�������� �����"�%����%��
����0����������������������0�������������� ���������
����������

� �����������
����������� ������/
��������#����� ���������� �
� �� ������ ����������� ����
��"�������� � ���� � ��� �  ����� � ������ � � �� � ��� � "��� � � ���"� �

� � �� � �������"����

� � ��������/
�
�������������
���
���"� 
�����#

������
�
���������	
��� ��!� ��
���	�������
�"�#����
�	�$��
����	���	$�

=���� ���������������/� ���

������������/�
��������%��
��/���������
�������
������"�%����/������
����������������� 
��"�������� �!�
������������������A���
������������������������"������������� ����#��
��������� �
�344��� �������
������"�%����344��5�/������� ��� ����%��
�����������������/
������

"������
���������
������%����,�5� 
�"�����������������
� �#

� ��344������
������"� ��
����������&?4��5������
���J�� ��� ���!�����"��� �4#?��5+��
�����

�������������#

� �����
�������������������-���3!(44��5�+�5+��������� �
�,�5����
�.�H�D>�)5�+����#

� �����%��
���
��"��������
������1>4+�5�!���������
���1<#??�"�

���+����#



� =����?4�������-�����
���� ������
/�����
��������%����"������J������/���������������.!�����
 ��
�����������&123(#D�"�

����������������������
��!��� 
������������������� ������� �

/�������#

�������

�
!���344
�� �������������J����-��

���������#.�����������
��������� ��
�C

� N��
� � 34 � "O+��+���� � ���� � � � '4
���� � ��������! � /���� � �� � �������� � ����������� � �� � ,�5
�����
�����������"�
��������������������
�,�����,�5�-�#�#�J�

���!�,����/���������.#

� )��������1344!444+��������1344+"O����"�������
��!�����
��������1344�"�

���������������
��
�����3!444�������-����� ������.!�����������/���;�7����
������������ ��������#

� J������� �
/���������������� ��/�����0�����������-����"�����32
3<���=P�+��+���������������
���
�����������������.!�� ������"��� �����!��������������
��� �#

�� � ��������! � �� � � � � �
�������� �  ��
� � /� � �
���/
� � ��� �  ��/�� �  ����� � ������� � ����� � ��� � �"�������
7��� �������������,�5�/��������������������"�����!����������� ������������
���
���"�� ���"� ����
�������"����
���
��#���"��������
�!�/������������ ������������������������
����������������������� ��
�� ����1<!444+������������������� ���������������� ���
��#

;�� �"/����������
������"���������������������� �����������

�244
�� ��������������!��������6� �
%��
� � ������� � � ����

������� � 
��� ���� ��������� � ���� � �
���� �%��� �,�5� 
�"���! �/�����������! � ���
�������������������/6� �����#

���� �������������
������� 
���������� �������������������
��/���� �������������
�����������
����
����������� 
�"�����/6� ����������
��������/�
����������
� �#������������������"���� ��������������
��������
��� �
! �� ���"� !� ���� 
���� ��� ��"�
� ������ � ���/� ���

���� ����
� �/�� �� ���������� ����
���������������������������������������������������
�
������"���
������"���"�"��������"����
����
�� ��
���
��#

'������

�!�
� �
�����������7���
����#�-2422.#� (���
�����
�����������
�����
�����)(*�+�����������

,�
'���-�.����
��
���(���� #

� ,�5�;������������������������������#�-242'.#� /
��
��
�
���,
��
���+�
0���-����
� #

� �;�7��#�-242'.#� ����
��
���1������
���-���
��
�� #

� ������������������������,�5#�-2422.#� ,�	
����1
���+��������������-
��
�����
��
2�
���
��� #

� �������������
��#�-2422.#� ����
�3���)��
�
�����
������
��
���,������1
�����
�� #

� ,�5�@J�#�-242'.#� !


������,
�	�/������
0
�����,����������
�3�������4
���� #

� ��������I� �/����� �����#�-2423.#� ����
�+�
0���5�����0�����

�����
���3�������1

�
���
/������
0� #

� ,�5�@�����"�������J
������!���������������������"����-@J��.#�-242?.#� �-��-�
�����
����
��������
���+�
0���-����
� #

� �)�������
�����#�-242<.#� +������,
��0�,���
����
���1
�6�������		���
��/��-�
���������
�
���������� #�J������������5�������������
#

� ��*=��
�"����@����-3>>8
242?.!�Q�����
����)�����"���#�7������ ���������������;#



� ,�5�@�����"�������J
������!���������������������"����-@J��.#�-2422.#� ����
�+����������
�������� #

� ,�5�)�����"���#�-38(8.#� )��

���������1����
����������������������78$8 �-�JR��� �.#



����������

	
���
��������������
�������������

�����) ����*
������
�
%�����������

	����������
��������



���������	�
�	����

������������������
��������
���������������������������	 ��!�������� ���"�����������!��������#������$����!��������
������ ���"�������������%���������#��������&���������%�������� ����������������������������#
��� �
�����!����!��%��'�(���������������������!������� ����������
)��������#���� ������������'������!�
#�������������!���('�������������������
 ������������*

����� � ��� � �	�� �!+������#�� � !� �����%� � � ��!�� � ��� � ��,�!��� �  ���� � �
))
" � �)
" � -)
�
��������� � -" � �* � .�/�" � ��� � ��� �$����!� ������ ������� ��� � ���!����� � �������� � ��������� � ��� � �����
� ��!� � �� �  ��� � ����� � ��%�������� � ��������� � -" � �*� .���" � �� � ���!���! �  �������#� �� � ���+� ����'���
��������� � ������� � ����� � ��������� � !���� � ����(���� � �� � �����!� � ������'� � ��� � ����!�� � ���+�#� � ��
��!���#�������!��������!������'���������#�����!�(���������*

����������!����!���� �������#�%�������0�

� ����������������!�����!����#��������!��������� �#�����������'������!�#����������!�����
��#������������#����'*

� ����
))
�������%����������!����������#
��� ��'������!����+�����������-"��*�.1��"�����
������!��������������� ��!�������"�������.�2������ �����������##���������)
�%���� �'������
(���� ������'�����������-"��*�.13�*

$�!��!����������!�������� ���� !����
��� ������������� ���� ����� 
)� ������������'��#�!������� ��
���������%����"�����!����'���������'��� ���!+�����&�����!�������#���'��������������!����('�����������
�������!�������������������*�4������
���!���!��'���#����#�!���!����
��!�����"��&�����������#���'�
������ ����"����#��������%�!�����������������%���������������������������(����'������!���������!������*

������(���!���������(���#�%���������������5������������ ���#���������!����������� �,��� ����"�
����������'���������������'������!������"����������������!�����#����!��!��������� 
)� ������
#����������
�����������'��� *

���������	�
�����
����
�����������
������������������������

������
���
�����
���
�����������
�������#�������..�������������	 ��!�������� ��������"���..������!������ ��� ���#����������
������ � �� � ��� � 
����� � )���+ � 
��� � ��� � ����� � (������� � !���������* ��� � ���� � �� �" � ��� � !��!������
�'���#����#�!�� �  ���� � !����!������� � ��� � 
)�� ��� � ������'��# � ����� � �� � ���#��' � ���!����!��� � ��
���+�' � ����� ����%�" � ��������# � �� � �����!����� � �� � ��� � �����#� � ����� � ��� � ��#��#�(�� � ���#
��� 
���������#������������!���������!������*

6���%��"�����������	$��������!�������(��������������
 ���������������������������"������!���!��'����
3�
78��'������������������������������� ������������ �����������!�����#�
))
������)
������(�
�������������!���#��(��������������#��%���������������-"��*�.���*����������������������������!����
!�������!��������������� ������������������������'�����#'���������������*
����$����!�������������� ��������������-����������!����0�

� �����+�����%����������
))
��������'����������������������!���!��'������%��������������)

����������-"��*�.19�:



� ����������!'����������� ��������� ��)
���� ������'
'��������������������������"�������!�
������.�2������ ����������������������)
�������%��������������-"��*�.13�:

� ������#����!�����������(����������%�������!����������(�!+���������(���!�������������������*

������������#��� ��'��� ��+������������#�����������(���%�������� ���#� ��������!�������"�'������
�	$����������������������'���!��!����������!���#���������������#����������!���������������..��	�*
������������!���������������������������0�

� �!�����#���������������������%����!�����������!�����:

� ;�#������ ����#�������������������������������'���#����#�!���#��������:

� )�� ����%����(����'���������
���� �������!���#����������!���������#�:

� <� � ����������� � ����� � �� ���� � ��%� � ��!������ � ��� � �� � �������� � �����!���� � �����!� � ���
���!������*

��������!�����!'��������&����������(���������!!���!'����������(����'�������%�����#�����������
 �����"��������������������������!�������+������������������!� ��������#�����������!����������
�����
���!������!� �����%���������������!��*

������!+����!��������'�(�������������..����������!��!������� �����"����������(���!�����
��������!��%������'�������������#�������������5����!�����'"������ ����������!!�����(����'����
#������������������#�������������=���!��.9>9���������������
���#� �����!������*


�� ����!"���������������
�����"
#������
����
�$%��
����
�����
���

��� � ��������� � ���� � ��� � ���%��� � � � ��(������%� � ������ ��� � �� � ���������%� � ����� �  ���#� ���
������#����������������
 ������������"��������������������������� �������#�������'�����#�!���������!��

��%���� ���������+�*

���������-���������	$���� ��������������������������������������������������������(����!��#� ���
����� � ��%��������"� ������� � �������!� � �� � ����� � ����!����� � ��� �����%�����������%��� ���� �  �' �  ���#���
�� ��������+�������������(���#������
 ������������������#����������������-"��*�.��"��*�.19�*
���������������!���������0�

� �&����� � ��,�!���� � � ���#�� � �&����� � ��!���#�� � ����# � ������� � ������� � ����� � �� � ���������
#�����������������������������
)����������!�:

� 	 ��� ��(���(�����#������������������������!���������������� �����������'��� ���������%���
�����
!��!� �����������������'�����#�!���������:

� )������!���� � �� � !��������" � �(�%�
#����� � �����#�� � ���� � �� �� � ������!���� � ���� � �������
�&������:

� <� � ��%��� ��� � �� � !�  ����' � �� � !��!� ���
�!��� � ���������� �  �������" � ��!� � �� � ��(��!
����#�����������!�����������������!���������!������*



����������������?�#0�.*��	 ��� ��(���(���������%���('���)�����������������#�� ���

������!+�������������%������'���������+�'�� ������"������!�����'�#�%����������,�!�5��������������0

� ;�!����#������#������#�����������#��������:�

� ;���!���������%����(����'��������
 ���������������#�����#��:

4$���������#���������������!'���� ����+�
��!�����#�������=���!��.9>9"�����������
���#� ���
�!� � ����" � ��� � ��� � 4������� � ����� � 	�������%�
� ������� � ���� � ������#�! � ���������!���� �  ��� � (�
�%������� � �� � ��� � � �� � ����� � ��� " � (��� �%����" � ��� � ��������(����'* � ��� � �(���!� � �� � � � !� ������%�
������������'���������!�������������������������!�����*

���������%����!���������������+'���� ������(��!�'�(�����!�������������%��������!�������������������
���������!���!�����������!����#������"��������������5����������!���������������������!+�����!������
��#������������� �����!�������!������������,�!�5�����#� ������������#
��� �!��!� ��������������
�(,�!��%��*

&�#������������������
�$���
�'���#�
�#����%��
$���
��
�����
�������
(
������)����
��'�*�
�+
)���
��������������������������%��������(����,������!���������������������#� ���
����!����������(������
�������������#����������'���(,�!��������#
��� �#�������������%�����!�����"������!�����'������
�����
)���+��� ����!�(�������������������!��'��� �*



����� ��������� � - � ��� �� � ��� � �����
 ��� � �������� � �� � � � ����� �  ���#� ��� � ����!���!' �  ������

����!��#����!���#�����+����������!��#������(����'������#����������'�������������������-"��*�.19�
��
���� ����������� �������� ���!� ���������� ��������������'�����#�!�� ����+�����������(' ������������ ���
�������%���&����!��'��� �*

$��!���!���'0�

� ����������������(��������
))
���������!����������� ������)
�������%���"�����%�!��%����"
(�����������
����%��� �����##��������������-"��*�.���*

� 	����'��!�������"�������.�2������ ������������������������)
�������%����(���#��� ������'"
�������#�������!�����(����������������%�����+������������-"��*�.13�*

�������'�� �!�������!�����'��� ������������������ ����������������������(�����!+������%����'���
��%���� ����� � �� � ��!��� � � ��!� � ���������� � ��� � ������� � ��!������* � ��� � �	� � ��� � $����!� � �����
������ �����������&������'���������� ��'����%������(����'������ ����!�(����"�����������'��%������
�����!���#�!���(������� ���&���� ���� �������������!�������� ��������������������������������������
�����!����������+������!���������!������*

������������������%����!����0�
� ������������ �������#����!� �����%�������������������@����������
������)���+�(����:
� ������ ��� � �� � #����������
��������� � �!��'��� � � ��A��� � �� � �� � ��,�!��� � �� � ��������

!��������:
� <� � � � !�  �� ��� � �� �  ������ � �� �  ���#��� � �����
����' � � ��!� � ���+� � �����#� � ������%�

 ���#� ��������!!���������!�����*

��%����������#�������&���������!��������� 
)� ���%����������!����������!����������������������� 
 �������������#���������#��"��������!��#��������������������'����������������������(������
!���
����'���������������!��������#��������!��!���*����������+�����������!+������#����������$����!�������
������ �����������!�������������!��������!���������!������*

�!!�����#�'"��������,�!����!+�������!��������'���� ����+��������������������(����������� ���������
��%�����' � �����(����' � ��� ��� �!� � ��� � ��� �������� � ��� ��(��! � ����� ��!!���"������ ������ � ��!����'" � ��
�!���#�!�������#���'�!������'���������$A�����!���������������=���!��.9>9��������������!��%��������
�������������
���#� �����!������*

+�# ���������
���
�!��*�
#�!,�
��
��%����)��	����#�-
.���������"
��

�	��#
�����������������%��������!������%����!�������#������'�����#������� ���������#������������������
�����
 ����������������������(������������!�������������
������#�(����������������������� ����������
������!��'�����������������������������'���� ����#�(�'����!�������'������%����� ���*

����������$����!�������������� �������!��(����������������������(���#� ��������!���������������%�
 ��� � ����� �  ���#� ��� � ��������� � -" � �* � .19�" � �� � ���� � ��� � !������ � ��' � (�����# � �� �������� � ��
!���������������!���������������������5���������!�������'������%���������������%��� ��"������!����
�����"������ ���� ��*

���� � ������ � !��!��� � (�!���� � ������#�! � ���������!���� � ��!� � �� � ��������� � !��0� 
 ������ � � �  ��� � ����
�������!���� � ��!�� � ����� � �%����(����' � �� � !������� � �� � ������ � ���������� � (' � � ������# � ����� � ��� 
��,�!���������*�
�
��+��'�����#�!���!�����������������������������������##�����!������ ����������#��
!��������������������*



���������������� �������������'��� �����������!����!�� �
))
"��)
"�����B)
"��������#� ���
���������(�� �%����!!�����#������%�����'����##���*�6���%��"����!� �����%������!'!������������#�
!�����������%������#���������#�����!�����#�����������������%����������������#���!�����������������
-"��*�.���*

����$����!�������������� ���������	�����������������!�������������������������������������+�����
 �����!�������#"������������������#"������&���!��#���!������������ �#���������������������'������

��������� ��!��"������!�����'�������� 
)� ������!���������!������*

	�������(���!����0�
� ��!�������%���� ������!����������(�����#����������������������%����	$�����!����:
� �����+������� ������������������������(���#���������� ��!����!�������:
� <���������� ��!�
(����� ��������#�!����������������!����������������������!�����

��� � ���,�!� � ���� � ��� �  ��� � ���!��������' � ��������� � ����� � ��� � ��=� � �!� � .9>9" � ��� � ���� � ��
�� �������� � !� �����!� � ���� �4$�� ��#������' �#�����!� � ���� � ���������!���� �  ��� � ��� � (� � ���� � ��
���(�������(�!�����������%������,�!�����������!�����*

�*#
��
����/�	������"
�/�	�����"
��	�����%��
����)��������
���
�
��
�����#
����!� �����%��� ��!�� �������#�����������������������������������������	 ��!�������� ���
���� � ��� � ��!���� � ����
('
���� � �!������ � !� �������� � �� � ��� � 
)� � ����� �C���� � ��������D �%�����
C����������������D�!���������*

����$����!�������������� �����������!����� �����������%��%��#���������
���(�������������"���!����
��� � ��� � �)
 � ����� �%��� � �� � 
))
 � ��������� � -" � �* � .���" � ��� � �!+������#�� � ���� � �
.�2 � ��
 �������������������������#����!����������������������)
�%��������������-"��*�.13�*�6���%��"������
�� �����������������!���������������������������%��!�������������������������!������!����������!�
 ���� �������'������'������!�����������������!��*
$��!���!���'"������	����������0�

� ���%��� � ������� � �������� � !� �������� � �� � ��� � ����%�� � ���� � ��� � ������� � ��������
���������!����:

� E������' ���������������������������� ��!!����������� ���#����������������������������������

)� :

� <���%����������#
��� ��'�����#�!��������
�������������!��!� ���������!���������!������*
���� � ��!+ � �� � !� ������%� �  �������# � ����� ���� � ��� � �(����' � �� � ����� ��� � ������� � ��� � ��������
!���������� � � � ��� � ��%���� ����� � (������ � �� � (����� � ��� � ��� � ��#���* � ����� � ��� � ���������!���� �  �'
� ���%�� ���������� ���#� ���������(����'"����������������&����������(���������(��!�����!���#�!��
������������!��(������"������!�����'�#�%��������������#��������,�!����������������������%�����'��� *

4� �  ����!� � �� � �&����� � ��!�%��' � �� �" � (��� � �����(����'" � �� � �A� � %������(����' � ��� � ��������� � ��
�� �������������������������������!������#
��� ����������+������������������*������!�"�����!� �����%�
� ��!� �  �������#��� � ��!� �����" � ��� � ��� � ���,�!� � ���� � ��� �  ��� � ��� � ����!��� � �������� � ����� � ���
��=���!��.9>9���������'����!����������(����!�����%���� �������%��������*



/��#�#�
��.������
����
�$%��
����
���
��������
����������
��
%���)
	
����������%��
��� ����� �$����!� ������ ������� ��� ���� �����!����� ��	���� ���� ����%��� �!���� ��%����!� ����� ����
�������� � �����
 ��� � �������� � �� � �����!���' � � (����� � ������ � �� � !��������� � ���� � ��� � !������
������������
���#� �����������
�������
������)���+*

������#�����������-����������������������������#�!�������������������*#*�������������##�������9���
7
����."�13�
7"����������-"��*�.���"�����������������!���������!������
�������!���"�!� �����!�
����������"�����������������������
�������!������������������
 ����!����!��%��'*
F�'�!��!�������!����0�

� 4� � ����!����� � ���� � ��� � �
� � ��� � (��� � ������� � �� � �����!� � �'������! � #������� � ������ � ��
!����!��%��'����+������!���('���������
���(��������������(�������
))
������)
:

� �(���!�������'�!����
�������!�����#����������� ���#� ����@����"���!������� ���"�������+
 ����!������������������'����������������������#� �:

� 4������������ ��������#"���������#"����������%�������������������������������!�������������
���������� ��!�����������
����'�(������������
)�������!���������!������*

�������##����������!�������#���(����������������!������������#�����#�����������#�%�����!�*���%��
��� � ��������� � ��� � ��� � �������� � �� � ��!����#��� � #���������� �  �%� ��� � ��� � ��!����� � ������!� � ��
��#����� � ����%�� � ��� � %����" � ��� � �(���!� � ��� � �� � ������� � �
� � ��� ����+ � ����� ���� � ���
!� �����!������0�

� ����������%�� ���#� �����(��#�������������������=���!��.9>9:
� ����� ��!�� ���#������������!�'���&����������������������
���#� �����!������:
� ������������#�������������������#�����!������� (���������4$���&������	���������!������!'*

'�
�+��
������
����
�$%��
����
���
����%�# ��)�%��
$��$%��
�
0.�����)��������
�������#
������������������
 ������������� �'���#����!����'� ��+���������������������'�����#�!���������!����
(�������!����!���� ����"�('����(���#�������������(��������� ���������������'��������(�!�������
������������������(����!������#�������������������!'������!�����������*

�!!�����#� �� � ��� �$����!� ������ ������� ���" � ��� � �������� � �� � ����#��� � �� � �������� � ����� � (������

����� � )���+ � )��� � 
��� � �
))
�" � ��������#� � )��� � 
��� � ��)
�" � ��� �B�!+��' � )��� � 
���
�B)
�"���������#���������#��������������������������������������������-"��*�.���*�����������
���%����������
��� ������(����'���� ���#��#���������%�����'"����������������!����0�

� <(�!����#������'���#����#�!����������������%������(����'������!�� ���:
� 
�+��# � �� �  ��� � �����!��� � �� � �����(��� � ��!������ � ��������" � �%������ � ���+" � �� � ���������#

� ��!���������!���!�����������:
� ��� � ��������# � ��#������' � �!�����' � �� � ����� � ��+� � �� ���" � �� � ����� � !�� � (� �C(�������D � ��

C������D����
���� � ������� � ����������� �  ������#� �� � ��%���� ����� � !����&���!� � �����!� � ���
���!������*

���������!����!����������#������������������!������������������(����'���0�
� ������ � ������� � ��� �  ��� � ��*#* � 
))
� � �� � �%��
������� � �� � �������� � %���� � ��� � ������

(�������#:
� A���!�����!�� �������!�����#���������������������&���������!���������
)�:
� <� � �������' � ��� �  ��� �  ��� � ��������(�� � ��� � �������� � ��!�%��' � ����'� � �� � ����!�� � ���+�#�

(�������������#�����!������*



4������##��#�����������(����!������!!�����(����'���� ����+�������%����������������#�������(������
 ���
���!���! � � ��!�� � ��!� � ��� � �������� � �� � �����������* � ����� � �� � ���� � �� � ���!������ � �� � �������
����%����� �  ��� � �����%��� � �� � ����� � �!!��� � 7�!��!�� � ���7�� � ���� � (� � ��,����� � �� � �����!� � ����
������������(������#������!���������!������*

�� � � � ������" � ��� � �������� � �������!�� � � � ��#��� � �� � �'�����#�!�� � ���!��'" � ������# �&�������� � �(���
��������������%���� ������	 ��!��$���� ������	$�� ��������������!�����!�����'��������������(���"
 ���
���!���! � !� �����!�" � ����!����' � ����� � ��� � ����� � 
���#� ��� ��!� � ���� � ��� � ��� � ������%�
 ���#� �������%����������������=���!��.9>9*

��� � �(���!� � �� �  ���
('
 ��� � � ��!� � �����(����� � ��!� � �������� � !����!��%��' � �� � ����(������ �  �'
!� ��� ��� � ������ � �����!� ���" �  ��������#" � ��� � ������%� � ��������" � ����!����' � �� � ��� �  ���5�
������������������(�#���������%���'��� �!�#�����������������������������!���������������+*



���������+

	
���
��������������
�������������

"����������,�
�����-



� ��������	�
������
��������
������
���������	
���
���
�
����������������
��������������

��	���

���
��������
���
��
����� �����!��"���#�$$�#�%�&'(&
&)�* �+

��&)&'

�������
����,����

�������������������������
������������������ ����������
��
��������!������������������
������������
����
��������������������
��������
� � �"��"
�������
��������������
�
���������
����#��#��������
!��"����
����
����������� ����$��� ���������������
�������"���������
����������
����������������%

&�
����'�"����������������� ����������������($���������������
�����
����)*)+%� �,��
���
�'�"��������"���
�
-������������
���������������"�����������������������
�����������
��
����'��������'����
����� ��������#���
�
� ��� � 
 � �����
��� � �� � � � ��������� � ����������� � �
� �������
 � 
 � ��
 � ���� � �� ��� �$��� � ����������� � �� � ��
����
�����%��
�������#�����
� �����' �"��
�� ���� �
������� � ���� ��� ���� ����� ��
� ���� ������ ���������' � �
�
���
���� �����������������!��
���������
�������.��!����������
����'����� �������
�!������
��
� ���
������
����%�

/�� � "���� � ���
� ���� � ���� � ��
 �  �������� � �����
� � ��!� � ���� � ��
���� � ���� � �
� ��� � "��� � ��� � �
������
���
�!������������������
��������'�����������"������
�����������
� ������
�����0� ��
��(����������
�-� �
��������1�

��
��2���
�
��������������%���������������!���������
�� ����������3���
���������
� ����������
��!� � ���� �4 � ������ ������ � �� � ��� � ������ � �
��� � ����' �4 � ������ ������ � �� � ��� �5�����
� � ���� � ����' �6*
������ ��������������,�

�"��������������7������� �������������������������������1�

��
��2���
�
����
����%��8���
�������������������
�"��������3���
�����������������.�����
�!�����
� ���'��� ������������� ���
$��� ����������������� ��%

����� ������������
� ������"����!��
������������ ������� �����  ����� �������8������!��������������
�����
������
� �� �
�����!����������������'�
�
����������
���� ������������������������9�������"���������
�-� ��

�� �������
�!��%

������������
��������������� ������� ������ �� �'������8������!��������!�
�+:������'� ��!� �����������
�� ������
���������;������������������������ ���<%

�����������
�������������������� ������������������
�������
��������
������
������'��������=��������� ���
������ � ���' � �!�� � ������ � ��� � �
�������� � ���������� � ���� ��� � �
��' � �� ������ � ��� � &��
��� � � ����' � ����
 ��!� ����������������"���
������"�������!����!����������������
���%��,������
�������� ��������!���� ���
$��� ��%

8������6+#���
������
�����������!���� �������� ������������������� ������ �� �'����������
���������� ������
���"
8������!��.� � ���
�� � � �� � ��
��� � �� � ����
��� �  ��������� � �� � ���� � ��� � �� � ��� � �������� � "��� � �� �� � ���
�����
��"�����!�
 ��������� ��������������
���'������������������������������!����������"�������������� ���
���
�� ������ �� �%

$���
��
���
�������$���
� ���������!������ 
��������������!��������������'��������
���
�������������������"��
�
���
���������������"��� ����$��� �������������>���������'������������ ������������%��

,�����������������������
� ����"�������������"������
�����
�?
� ��������������� ����������"������� ������������� ��������������������
�������� �������;����
�

����"���������!��������
�������������������
�
������<
� ,�������������'��� ����������������������
����������������!������
�!�����
�!����������
����"������!�


���������� �������������!��������'������������!��"�
������
������
���������������������������
�'����
"��� � �� �  ���
� ������ � ����� � ��� � �� � ����
���� � ��
���
 � "�
� � ��
 � ��� � �
������� � ��
 � ��� � ���
� � �
��
����������������� ����������� ������"���������$���� ���������������������������%



� ,��� ���������.��
�������������������������
������ ��������#�����
� ���'�������������
�!����%
� ,����
� ����"������� �����������
�����
���'�"������� ��������������
�������%
� �� ����"��������������������������������!�������'�������������
���������
� �� �������
��"���������"�����!����"������������"������������������ �������� ���"������������@AB*

��
����
�;�����>�,�"��
�� ����� ����<�����
�!���� ����
� ����
����� ������� �
� ���%� �,���� �������� ��
�
�!�����"������� ���������'�
���
�������������
������������%

� ,����
� ��� �"��� � �������� � �� � �� ����� �����=��� �	�
� � ���� � ��� �!�
���� � ��� � �C���� �������� �"��
�
8������!���"������!����������
����������
���������� ���������������������������"���� ����������
���
����������������������������������!���  �

�����
����������6+����
�'�"���������  �
�"����������"
���������

� ,�����
� ����"��������� ������
��� �������� ��� 
�������
��� ������������������� �
�������������
��������
��������� ������� ���������� ������������
��
������������
���������"��� �����������������
���� ������"���%

8�������!��������
� ���� ���������������������)*)+�����
��
������������������������������
���������
�������%
��������
��� ��������#�����
� ����"����������������)*6)����������
���������>��������5�����D������$��� �
���������� 6� ��������������
�!��"��%�&�
���
������� ����� ��������#�����
� ����������������
���
������
����������������9����3�����
�-� ���������2��!�
��������������% )

&
���������������
������������������ ��'����������
�������
����
� ��������������
�

��� �
���'

9�������3
� ��
����� ����� �
'���������
������������������ ��

6 ������?EE"""%���%��!%��E3� ��������
�%����F��G��H  74I#�7**#I*�6#�+�:#)H7���6��)�) �
) ������?EE"""%������%���%��E������#���� �#���E��
#
����
 �E
���#����%����

https://www.sydney.edu.au/sydney-policy-lab/our-research/real-deal.html
https://www.aph.gov.au/DocumentStore.ashx?id=ad8cc794-d700-40e1-b3b5-287edb1af2b2


���������"

	
���
��������������
�������������

������
�
��������
��������



File Reference: Not provided 
WAMs: 27807 

Page 1 of 35 

Memorandum 

Groundwater Assessment - Major Projects and Developments 

Project name  Boggabri, Tarrawonga, Maules Creek coal mines (BTM Complex) 

Project stage  Numerical Groundwater Model Update 

Due date 17 October 2018 

Context  Assessment of numerical model report and independent review against 
periodic model verification and coordination consent conditions 

Water  
Regulation  
Officer  

Tim Baker 
02 6841 7403 

Advice request 

Natural Resources Access Regulator (NRAR) requested assessment of numerical model 
report and independent review required against the following consent conditions: 

�x �³�D���S�U�R�J�U�D�P���W�R��validate the groundwater model for the project, including an
independent review of the model every three years, comparison of monitoring results
�Z�L�W�K���P�R�G�H�O�O�H�G���S�U�H�G�L�F�W�L�R�Q�V�´.

�x �³�F�R�R�U�G�L�Q�D�W�H���P�R�G�H�O�O�L�Q�J���S�U�R�J�U�D�P�V���I�R�U���Y�D�O�L�G�D�W�L�R�Q�����U�H�F�D�O�L�E�U�D�W�L�R�Q���D�Q�G���U�H-running of the
groundwater and surface �Z�D�W�H�U���P�R�G�H�O�V���X�V�L�Q�J���D�S�S�U�R�Y�H�G���P�L�Q�H���R�S�H�U�D�W�L�R�Q���S�O�D�Q�V�´��

NRAR specifically requested the following: 

1. Groundwater Modelling Review

�x Adequacy of the model update report to address the two relevant consent conditions
listed above.

�x Advise on the adequacy of the recalibration of the model and updated predictions for
drawdown and take of water/entitlement from all water sources.

�x Any further recommendations (if any) for the groundwater monitoring program to
improve ongoing model validation/recalibration.

�x �&�R�Q�V�L�G�H�U���'�U���0�H�U�U�L�F�N�¶�V���S�H�H�U���U�H�Y�L�H�Z���D�G�Y�L�F�H��

�x Advise on any meeting requirements to discuss further.

2. Consider the outcomes of review of the numerical model update in terms of advice to be
provided for the following:

�x Maules Ck Annual Review 2017 revised (initial advice for this matter is requested now
and can be updated into the future if needed).

�x Maules Ck Water Management Plan.

�x BTM Water Management Strategy.

�x Tarrawonga Water Management Plan.

Copy of NRAR advice request is provided in Attachment A. 

�'�R�F�X�P�H�Q�W������
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Assess ment Overview  

Water Assessments has reviewed the 2018 BTM Cumulative Groundwater Model update, 
noting this document was assessed in conjunction with the Boggabri, Tarrawonga, Maules 
Creek Complex (BTM) Water Management Strategy, the MCCM Annual Review, the MCCM 
Water Management Plan (WMP) and the Tarrawonga WMP. 

The BTM coal mining complex (BTM Complex) is located in the Gunnedah Basin, 
approximately 15 km northeast of the township of Boggabri in north-western NSW.  It 
comprises three adjacent open cut coal mines referred to as Boggabri, Tarrawonga and 
Maules Creek. 

Boggabri Coal Operations Pty Ltd commissioned a groundwater flow numerical model, a 
modelling report, and independent review as required by consent conditions.  This is an 
assessment of the adequacy of the completed work to meet the relevant consent conditions.  
It is based on reviewing the following documents: 

1. �'�R�F�X�P�H�Q�W���W�L�W�O�H�G���³Report on Boggabri, Tarrawonga, Maules Creek Complex Numerical 
Model Update.�´����Prepared for Boggabri Coal Operations Pty Ltd by Australasian 
Groundwater and Environmental Consultants Pty Ltd (AGE), dated August 2018 
(v04.01). 

2. Memo referenced as �³Boggabri-Tarrawonga-Maules Creek Complex - Groundwater 
Model Review�´����from Dr Noel Merrick of Hydro Simulations, dated 28 August 2018. 

Detailed assessment of the above documents is presented in Attachment B.  The main 
findings of the assessment are as follows: 
�ƒ The model and report are clearly prepared for the Boggabri Coal Mine.  Although the 

model covers all the BTM Complex area, there is no evidence that the model or its report 
are embraced by either of the other two neighbouring mining operations. 

�ƒ The required program/s for periodic validation of groundwater models and plan/s for 
coordinated modelling are not provided in the reviewed material.  They are also not 
provided in the �³�'�U�D�I�W���:�D�W�H�U���0�D�Q�D�J�H�P�H�Q�W Strategy for Boggabri �± Tarrawonga �± Maules 
�&�U�H�H�N���&�R�P�S�O�H�[�´�����G�D�W�H�G���-�X�Q�H���������������:�0�6����   

�ƒ The independent review is generally positive about the reported model.  However, it 
pinpoints poor model calibration in some areas (order and trend) and general poor 
simulation of seasonality.  It suggests that the model mostly meets Class 2 confidence 
level criteria as defined in the Australian Groundwater Modelling Guidelines (2012).  The 
review highlights substantial uncertainty in the estimated licensable takes. 

�ƒ The reported model verification is inadequate.  It involved only one previous model (AGE, 
2014) for Maules Creek Coal Mine.  Other models were not verified.  It compares AGE 
(2014) model predictions to groundwater level observations and mine inflows estimates 
for the period 2013-2016.  Quality of predictions is found to vary from generally 
reasonable to poor (e.g. observed decline in groundwater level but model predicted rise).  
No in-depth analysis is provided for noticed correlation or deviation from observations or 
previous modelled predictions. 

�ƒ There is no evidence that the new model has benefited from the verification of previous 
models to provide improved estimates and predictions.  For example, the reported 
verification considers that improper parametrisation and inaccurate representation of 
mining progression in the previous model could be reasons for poor simulation and 
predictions in AGE (2014) model.  Nonetheless, such issues are not addressed in the 
new model.  There are also examples of poorer performance by the new model 
compared to previous models including reversed vertical groundwater flow direction and 
groundwater level trends. 

�ƒ There are conceptual and numerical model implementation omissions in the new model 
that severely degrade its ability to reliably simulate the groundwater system and predict 
its behaviour and responses to stresses. 
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�ƒ In its current form, the updated model is not a reliable tool for predicting drawdowns and 
mine inflows, apportionment of cumulative effects, or estimation of licensing 
requirements. 

�ƒ The model is required to be revised to enhance its simulation and prediction capabilities.  
It must adequately represent important traits in the system (e.g. heterogeneity), observed 
behaviour (seasonality and trend), and hydraulic relationships (e.g. groundwater 
exchanges between alluvium and other strata).  

�ƒ Given the proximity of the BTM complex to the productive water sources of the Namoi 
(alluvial and surface water) the model should aim to for Class 3 model confidence level 
criteria as much as possible.  This new model must be built according to the Australian 
Groundwater Modelling Guidelines (2012), and the key principles as defined in the IESC 
draft note on Uncertainty Analysis in Groundwater Modelling.  The new model must 
include progressive review. 

�ƒ A regional scale model may not be able to adequately simulate and make prediction for 
certain areas or purposes (e.g. alluvium-bedrock groundwater exchanges in specific a 
zone).  Further grid refinement and/or local models may be required for adequate 
simulation and predictions in some areas such as around the alluvial groundwater 
sources.  These options must be explored in the required model revision. 

�ƒ There is a need to assess the monitoring network fitness for purpose, particularly the 
usability of vibrating wire piezometer (VWP) data for model calibration purposes and gap 
areas given the data quality at some sites is questionable and no quality assurance or 
verification of the VWP data has been provided in any of the documents reviewed. 

�ƒ The model report is required to be revised and updated to present the revised verification 
and model/s. Including; verification of all previous models developed for the BTM 
complex, present additional necessary information, describe the revised 
conceptualisation and numerical model, and present updated model simulation and 
prediction data.   

Recommendations  

Department of Industry - Lands and Water (Lands and Water) recommend that the 
Department of Planning and Environment (DPE) requires the following:  

1 Clarify if this model will be adopted by all three mines within the BTM Complex, and 
update the individual Water Management Plans for each mine to explicitly state the 
status of the modelling and what model is being used to assess impacts. 
Noting the MCCM and Tarrawonga do not specifically reference this model in their 
updated Water Management Plans.  

2 The BTM Water Management Strategy to include a clear program for ongoing model 
validation and updating to enhance model simulation and predictions capabilities and 
reliability as new data become available across the BTM complex, including: 

i. Individual and/or combined plans for coordinating modelling programs for 
validation, recalibration and re-running of the groundwater and surface water 
models using approved mine operation plans for all three mines in the BTM 
Complex.  This should include plans for sharing relevant data. 

ii. Aligning relevant consent conditions for the three mining operations in the BTM 
Complex. 

3 Requesting revision of the model and modelling report, including the following as a 
minimum: 

i. Clear definition of the objectives of previous model verification. 

ii. Clear definition of the objectives of the new model. 

iii. Comprehensive verification of previous models and a clear plan or strategy to 
use the findings to improve new models. 
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iv. Systematic development of the new model according to the Australian 
Groundwater Modelling Guidelines (2012) targeting achieving Class 3 model 
confidence level, and according to the key principles as defined in the IESC 
draft note on Uncertainty Analysis in Groundwater Modelling.  The new model 
must include   plans to enhance reliability of future models. 

v. Defensible conceptual model including inter-formation groundwater exchanges.  
This needs to be clearly described in the report in addition to graphical 
presentation as may be necessary. 

vi. Addressing all the comments in the independent model review, particularly with 
respect to faults, heterogeneity, recharge estimates, decreasing hydraulic 
conductivity with depth, simulation of mine progression, and progressive review. 

vii. Undertaking sensitivity analysis for assumed and possible boundary conditions, 
particularly for the assumed constant head boundary conditions in the alluvium 
and the faults located to the north and south of the BTM complex. 

viii. Clear definition of calibration target acceptable error and confidence ranges 
(heads and fluxes), appropriate model discretisation and graphical presentation, 
and effective correlation between observation datasets and simulated heads and 
fluxes to enable effective model calibration, sensitivity analysis and uncertainty 
assessment. 

ix. Considering and comparing alternative methods for apportionment of cumulative 
effects (e.g. capture zone delineation, zone budgets, etc). 

x. Considering the need for refining the model grid and/or building local scale 
models to adequately simulate and make prediction for certain areas or purposes 
(e.g. alluvium-bedrock groundwater exchanges in specific a zone). 

xi. Revised model estimates for needed licensed takes from each individual water 
source. 

xii. Ensuring realistic representation of inter-aquifer relationships, vertical hydraulic 
gradients and flows, including appropriate presentation and discussion in the 
report. 

xiii. Ensuring realistic simulation of groundwater level seasonal and long-term trends 
in response to pumping, mine void development, and climate conditions and 
trends. 

xiv. Revision of the report to include a summary, list of abbreviations and acronyms, 
results of the comprehensive verification of all previous models, additional 
necessary information, description of the revised conceptual and numerical 
models, and new model simulation and prediction results.   

xv. Combine Appendices B and C, redesigned and monitoring sites re-ordered to 
enable easy comparison between observation and simulated data (old and new 
models) as well as checking the correctness of the conceptual model. 

xvi. Considering the comments on the report and model provided in the Extended 
Background and Discussion below (Attachment B) and identifying any meeting or 
further discussion needs with Lands and Water. 

4 A review the monitoring network, including filling the gap noticed in the model 
independent review, assessment of the suitability of vibrating wire piezometer (VWP) 
data for model calibration purposes, and analysis of network adequacy using numerical 
modelling sensitivity analysis techniques. 

Lands and Water technical staff will make themselves available for a meeting with the 
proponent to address the recommendations regarding the water management plan, annual 
review and issues with the modelling. 
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�¨  Manager Water Assessment  endorsement:   FH Date:30/10/2018 

Comments: 

 

 

Approvals  

Position  Signature  Date 

Author: Hisham Zarour, Contractor Hydrogeologist, 
02 9842 8549 

 18/10/2018 

Reviewer: Cate Barrett, Lead Hydrogeologist 
02 67631424 

CB 29/10/2018 

Background  

Boggabri, Tarrawonga, Maules Creek coal mines (BTM Complex) are required to undertake 
periodic verification of numerical modelling predicted groundwater impacts against observed 
data.  Schedule 3 in each of the three mining project approvals requires �³a Groundwater 
�0�D�Q�D�J�H�P�H�Q�W���3�O�D�Q�����Z�K�L�F�K���L�Q�F�O�X�G�H�V���«���D���S�U�R�J�U�D�P���W�R���Y�D�O�L�G�D�W�H���W�K�H���J�U�R�X�Q�G�Z�D�W�H�U���P�R�G�H�O���I�R�U���W�K�H��
project, including an independent review of the model every 3 years, and comparison of 
monitoring results with modelled predictions.� ́

Approvals for the three mines were granted at different times and their model verification 
timeframes are not the same.  Model verification for each of the three mines is required to 
include assessment of cumulative impacts from the other two mining operations. 

The Leard Forest Mining Precinct Water Management Strategy applies to all mining 
operations in the BTM Complex.  It requires them to �³coordinate modelling programs for 
validation, recalibration and re-running of the groundwater and surface water models using 
approved mine operation plans�´�� 

The centrally situated Boggabri Mine reached its model verification date (2017).  AGE was 
commissioned to undertake the required model verification and updating for Boggabri Coal.  
Reportedly, the three BTM Complex mines agreed to generate a combined model that uses 
data and assesses effects from all mining operations (AGE, 2018).  However, there is no 
evidence that the Tarrawonga Coal Mine or MCCM embrace the completed model 
verification and updating reported in AGE (2018). 

Ground water Source(s) and Water Sharing Plan(s)  
�x Gunnedah-Oxley Basin MDB Groundwater Source 

�x Upper Namoi Zone 11 Groundwater source (Maules Creek) 

�x Upper Namoi Zone 4 Groundwater source 

�x Upper Namoi Zone 5 Groundwater source 

�x Lower Namoi Regulated River Water Source 

�x Maules Creek Water Source (Unregulated) 

A list of common acronyms and explanation of key terms is included in Appendix D.
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Assess ment  

Table 1. Response to specific advice requested by Water Regulation on the groundwater modelling review. 

Advice request  Lands and Water comments  
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Advice request  Lands and Water comments  

Adequacy of the model update report to 
address the two relevant consent 
conditions listed above. 

Condition 1:  

�³a program to validate the groundwater model for the project, including an independent review of the model 
every 3 years, and comparison of monitoring results with modelled predictions.�  ́

- Boggabri Mine has reached the review date (not clear 2016 or 2017). 

- A groundwater model (not clear 2016 or 2017), report (2018) and independent review (2018) have been 
prepared for the Boggabri Mine. 

- There is no evidence that the new model, report and review are embraced by the other two mining operations 
in the BTM Complex. 

- The model report does not include the required periodic model verification and updating program, which is also 
not provided in �W�K�H���³�'�U�D�I�W���:�D�W�H�U���0�D�Q�D�J�H�P�H�Q�W���6�W�U�D�W�H�J�\���I�R�U���%�R�J�J�D�E�U�L���± Tarrawonga �± �0�D�X�O�H�V���&�U�H�H�N���&�R�P�S�O�H�[�´����
dated June 2018 (WMS). 

Condition 2:  

�³Coordinate modelling programs for validation, recalibration and re-running of the groundwater and surface water 
models using approved mine operation plans.�  ́

- The report does not provide the required program for coordinated validation, recalibration and re-running of 
groundwater and surface water models using approved mine operation plans. 

- The model and report are groundwater focused. There is no reference to surface water models. 

- The BTM Complex draft WMS treats surface water and groundwater modelling separately and does not 
include any indication of coordinated or integrated surface water and groundwater modelling. 

- For groundwater, the draft WMS adopts a recommendation from Heritage Computing (2012) �V�W�D�W�L�Q�J�����³Each of 
the BCM, TCM and MCCM models undergo regular maintenance and recalibration as additional data on 
groundwater responses to progressive mining improves the understanding of the groundwater systems�´����
Clearly, this does not indicate or present a plan for coordination or collaboration. 
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Advice request  Lands and Water comments  

Advise on the adequacy of the 
recalibration of the model and updated 
predictions for drawdown and take of 
water/entitlement from all water sources. 

- The model report was independently reviewed, but the review did not include the numerical model itself. 

- The independent review is generally positive about the model and report, however, it notes that calibration is 
reasonable to very poor, predictions unreliability, counter intuitive apportionment of cumulative effects, and that 
the model results maybe plausible. 

- The reported model verification compares groundwater level observations and mine inflow estimates only 
against AGE (2014) model predictions. It ignores all other previous models. 

- The verification is inadequate and has not contributed to enhancement of the new model. 

- The model mostly meets Class 2 model confidence criteria. Given the proximity of the BTM complex to the 
productive water source of the Namoi, an increase in the model confidence to Class 3 (as much as possible) is 
required, especially if this model it is going to be adopted by all three mines. 

- Simulation of groundwater level seasonality and trends is inadequate and simulation of vertical hydraulic 
gradients, groundwater fluxes and inter-formation groundwater exchanges contains errors. 

- There are examples of the new model performing poorer than its predecessors. 

- Conceptual deficiencies include ignoring heterogeneity, disregard of faults, inaccurate recharge estimates, 
unchanged hydraulic conductivity with depth, and unrealistic representation of mine progression. 

- Boundary conditions must be revised, particularly the faults, recharge, evapotranspiration and constant heads 
in alluvium. 

- Impacts assessments and licensing requirements must be recalculated using the revised model. 

- Apportionment of effects methodology between mining operations needs verification or replacement. 

- Model vertical discretisation (layers) requires revision to enable proper representation of vertical flow 
components. 

- There may be a need for revision of the methodology for assignment of observation data to model layers is 
recommended to enhance model calibration. 

- There may be need for further grid refinement and/or local scale models for specific areas and/or to answer 
specific questions. 

- The report must be revised and updated. 

- In its current form, the updated model is not adequate to provide reliable predictions for drawdowns and takes 
of entitlement from all water sources �± see detailed comments Attachment B. 
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Advice request  Lands and Water comments  

Any further recommendations (if any) for 
the groundwater monitoring program to 
improve ongoing model 
validation/recalibration. 

- Review is needed of suitability of vibrating wire piezometer (VWP) data in general and specifically for model 
calibration purposes.  

- The peer review (Hydro Simulations) of the model identified a data gap area that needs a monitoring site �± it is 
suggested the proponent address this. 

- The adequacy of the monitoring network needs to be analysed using sensitivity modelling techniques. 

�&�R�Q�V�L�G�H�U���'�U���0�H�U�U�L�F�N�¶�V���S�H�H�U���U�H�Y�L�H�Z���D�G�Y�L�F�H�� - The review is thorough, objective and useful. It highlights omissions and makes recommendations to enhance 
the model, including improved calibration and additional monitoring to improve future modelling. 

- There are matters that have not been detected in the independent review, including potentially serious 
conceptual and numerical modelling omissions. 

Advise on any meeting requirements to 
discuss further. 

- This assessment has identified a number of shortcomings in the model and report (Attachment B). It could be 
useful for hydrogeologists from Lands and Water to meet with the proponents and/or their modelling 
consultants to discuss the issues and agree on a way forward. 

Table 2. Other issues identified by Lands and Water 

Issue  Lands and Water comments  

Does the report clearly describe and 
quantify pre- and post-mining 
groundwater exchanges between the 
bedrock and alluvium? 

- The reviewed report (AGE, 2018) does not adequately description or quantification hydraulic relationships 
between various formations prior to or post commencement of mining operations in the BTM Complex area. 

- There is evidence of erroneous conceptualisation and simulation of alluvium and bedrock hydraulic 
relationships. 
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Issue  Lands and Water comments  

Does the report include plans for the three 
mining operations with regards to how, 
when and frequency of undertaking 
combined model verification and updating 
to meet the similar requirements of 
individual approvals and the common 
Leard Forest Mining Precinct Water 
Management Strategy, particularly with 
regards to cumulative impacts of the three 
mines on groundwater?  This includes 
plans for information sharing. 

- The reviewed modelling report (AEG, 2018) does not include individual or combined plans to undertake 
individual, coordinated or combined model verification or updating work as required from the BTM Complex 
mines through individual approvals and the Leard Forest Mining Precinct Water Management Strategy. 

- The �³�'�U�D�I�W���:�D�W�H�U���0�D�Q�D�J�H�P�H�Q�W���6�W�U�D�W�H�J�\���I�R�U���%�R�J�J�D�E�U�L���± Tarrawonga �± �0�D�X�O�H�V���&�U�H�H�N���&�R�P�S�O�H�[�´�����G�D�W�H�G���-�X�Q�H��
2018 (WMS) also does not present any plans for individual or collaborative periodic model verification and 
updating. 

Does the report clearly outline a plan to 
use results of model updates to inform 
updates of the water management 
strategies for the three mining operations, 
specifically in terms of improvements and 
updates of the management triggers and 
responses? 

- The model report does not include any plans for future model verification, updating or contributions to water 
management plans in the BTM Complex area. 
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Attachments  

Attachment  Title  

A Water Regulation Request, including relevant Conditions of Approval 

B Extended Background and Discussion 

C Summary of independent review 

D Acronyms and Abbreviations 
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Attachment A  

Water Regulation Request , including relevant Conditions of Approval  

 
 



File Reference:  Not provided  
WAMs: 27807 

Page 13 of 35 
 

 



 
WAMs: 27751  

Page 14 of 35 
 

 



 
WAMs: 27751  

Page 15 of 35 
 

  



 
WAMs: 27751  

Page 16 of 35 
 

Attachment B  

Extended Background and Discussion  

A. Introduction  
A groundwater flow model (AGE 2017), modelling report (AGE, 2018) and independent 
review of these two items have been prepared to meet conditions of approval for the 
Boggabri Mine and satisfy a relevant condition in the Leard Forest Mining Precinct Water 
Management Strategy, which also apply to the neighbouring Tarrawonga and the Maules 
Creek coal mines.  Collectively, the three separately owned, licensed and operated coal 
mines are referred to as the BTM Complex. 

Schedule 3 in each of the three BTM Complex �P�L�Q�L�Q�J���S�U�R�M�H�F�W���D�S�S�U�R�Y�D�O�V���U�H�T�X�L�U�H�V���³a 
�*�U�R�X�Q�G�Z�D�W�H�U���0�D�Q�D�J�H�P�H�Q�W���3�O�D�Q�����Z�K�L�F�K���L�Q�F�O�X�G�H�V���«���D���S�U�R�J�U�D�P���W�R���Y�D�O�L�G�D�W�H���W�Ke groundwater 
model for the project, including an independent review of the model every 3 years, and 
comparison of monitoring results with modelled predictions.� ́

The condition relevant to all three mining operations in the Leard Forest Mining Precinct 
Wate�U���0�D�Q�D�J�H�P�H�Q�W���6�W�U�D�W�H�J�\���L�V���³coordinate modelling programs for validation, recalibration 
and re-running of the groundwater and surface water models using approved mine operation 
plans�´�� 

In response to advice request from Water Regulation (Attachment A) and considering the 
above two requirements from the Boggabri Mine, this assessment by Lands and Water is 
intended to provide answers to the following questions: 

1. What does the independent review by Hydro Simulations suggest? 

2. Have previous model predictions been adequately verified? 

3. What is the outcome of the previous model predictions verification? 

4. Is the updated model adequate to reliably update predictions for drawdowns and 
takes of entitlement from all water sources? 

5. Does the groundwater monitoring program require improvements to enable ongoing 
model validation/recalibration? 

6. Are any meetings required to discuss further? 

7. Does the report clearly describe and quantify pre- and post-mining groundwater 
exchanges between the bedrock and alluvium? 

8. Does the report include plans for the three mining operations with regards to how, 
when and frequency of undertaking combined model verification and updating to 
meet the similar requirements of individual approvals and the common Leard Forest 
Mining Precinct Water Management Strategy, particularly with regards to cumulative 
impacts of the three mines on groundwater?  This includes plans for information 
sharing. 

9. Does the report clearly outline a plan to use results of model updates to inform 
updates of the water management strategies for the three mining operations, 
specifically in terms of improvements and updates of the management triggers and 
responses? 

�/�D�Q�G�V���D�Q�G���:�D�W�H�U�¶�V���D�V�V�H�V�V�P�H�Q�W���R�I���W�K�H���P�R�G�H�O���U�H�S�R�U�W��with respect to the above nine questions 
is provided in Section B below.  This is followed by additional comments on the report (AGE, 
2018) and model (AGE, 2017) presented in Section C. 
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To complete the required assessment, the following documents have been reviewed: 

1. �'�R�F�X�P�H�Q�W���W�L�W�O�H�G���³�5�H�S�R�U�W���R�Q���%�R�J�J�D�E�U�L�����7�D�U�U�D�Z�R�Q�J�D�����0�D�X�O�H�V���&�U�H�H�N��Complex Numerical 
�0�R�G�H�O���8�S�G�D�W�H�´���3�U�H�S�D�U�H�G���I�R�U���%�R�J�J�D�E�U�L���&�R�D�O���2�S�H�U�D�W�L�R�Q�V���3�W�\���/�W�G���E�\���$�X�V�W�U�D�O�D�V�L�D�Q��
Groundwater and Environmental Consultants Pty Ltd (AGE), dated August 2018. 

2. �0�H�P�R���U�H�I�H�U�H�Q�F�H�G���D�V���³�%�R�J�J�D�E�U�L-Tarrawonga-Maules Creek Complex - Groundwater 
Model �5�H�Y�L�H�Z�´�����D�X�W�K�R�U�H�G���E�\���'�U���1�R�H�O���0�H�U�U�L�F�N���R�I���+�\�G�U�R���6�L�P�X�O�D�W�L�R�Q�V�����G�D�W�H�G���������$�X�J�X�V�W��
2018. 

 

B. Response to specific questions  
1. What does the independent review by Hydro Simulations suggest?  

The independent review provided by Hydro Simulations is thorough, objective and useful.  It 
is summarised in Attachment C. 

Lands and Water has noticed that the independent review has overlooked omissions in the 
model such as the poor simulation of the groundwater exchange between the alluvium and 
�W�K�H���E�H�G�U�R�F�N���V�W�U�D�W�D���L�Q���W�K�H���³�/�������1�R�U�Wh �± �$�O�O�X�Y�L�X�P�´���D�U�H�D�����P�R�Q�L�W�R�U�H�G���W�K�U�R�X�J�K���5�(�*��1 4-level 
�Y�L�E�U�D�W�L�Q�J���Z�L�U�H���S�L�H�]�R�P�H�W�H�U�����9�:�3�����R�I���W�K�H���&�X�P�X�O�D�W�L�Y�H���1�H�W�Z�R�U�N���D�Q�G���/�D�Q�G�V���D�Q�G���:�D�W�H�U�¶�V���Q�H�V�W�H�G��
2-level piezometer GW967138 (for location, see Figure 1).   

This matter has serious implications to the overall adequacy of the simulation reliability and 
the model predictions of impacts, including cumulative effects and licensing requirements.  
This point is further discussed below.  This particular conceptual error is presented only as 
an example of omissions in the reported model (AGE, 2017), but there may be other 
undetected issues that require attention. 

The independent review highlights the following points: 

�x The independent review was not conducted progressively, i.e. the reviewer was not 
involved at all stages of the model development and application. 

�x The independent review is based solely on the material reported in the modelling 
report (AGE, 2018), i.e. the actual computer implementation of the model has not 
been checked. 

�x The model report is good quality and fit for purpose. 

�x The used modelling code (MODFLOW-USG) and spatial discretisation methodology 
(unstructured grid) are appropriate. 

�x Direct comparison of performance between the previous model and the current model 
is not possible due to differences in model software and setup. 

�x Calibration for groundwater levels vary across the model domain from very good to 
poor. 

�x Seasonality is poorly simulated. 

�x Representation of spatial variability of hydraulic conductivity (heterogeneity) in the 
model would enhance the model simulations and predictions.2 

�x The estimates of porous rock water volumes that require licensing is thought to be 
possibly unreliable. 

�x The next update of the model should incorporate actual progression in the Maules 
Creek Mine and decreasing hydraulic conductivities of interburden and coal seam 
with depth. 

                                                
1 Also referred to as REG01 and REG_01 in the modelling report and appendices. 
2 This will require re-calibration of the model using pilot-points rather than property zones. 
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�x The partitioned contributions to drawdown in Layers 1, 2 and 8 based on single-mine 
simulations show some counter-intuitive results. 

 

 
Figure 1. Groundwater monitoring network map, showing the location of sites REG1 and 
GW967138 (approximately 60 m apart). 

�x There is a data gap area that needs to be bridged to improve future modelling. 

�x Uncertainty analysis is considered adequate to explore the likelihood of maximum 
drawdown extent and various possibilities. 

�x There is substantial uncertainty in the estimated licensable takes. 

�x The model appraisal table indicates recharge and discharge datasets have not been 
adequately analysed for their groundwater response. 
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�x �7�K�H���P�R�G�H�O���D�S�S�U�D�L�V�D�O���W�D�E�O�H���L�Q�G�L�F�D�W�H�V���W�K�D�W���W�K�H���P�R�G�H�O���S�U�H�G�L�F�W�L�R�Q�V���³�P�D�\�E�H�´���S�O�D�X�V�L�E�O�H�� 

�x The model mostly [not fully] meets Class 2 confidence level according to the 
classification criteria in the Australian Groundwater Modelling Guidelines (2012)3. 

The independent review does not comment on whether Class 2 model confidence level is 
commensurate to the size and nature of the operations for which the modelling is required, 
particularly in terms of being able to provide reasonably accurate predictions of potential 
impacts (individual and cumulative) and licensing requirements.   

Furthermore, the independent review does not make notice of that the modelling report 
(AGE, 2018) does not specifically define the new model (AGE, 2017) objectives and, hence, 
its suitability to meet mining operations requirements cannot be evaluated.  Section 2 of the 
report (AGE, 2018) presents the objectives and scope of work �I�R�U���W�K�H���³�S�U�R�M�H�F�W�´, not the 
model. 

The model (AGE, 2017) appraisal table in the independent review indicates that the 
conceptual model is consistent with project objectives and the required model complexity, 
clearly described in Section 3.3 of the report (AGE, 2018), presented graphically very well, 
and not unnecessarily simple or complex (major processes are included, evapotranspiration 
is considered active, and stratigraphy is sufficiently represented by layer aggregation).  

Nevertheless, the independent review does not comment on that there is no specific section 
on conceptualisation in the report (AGE, 2018), evapotranspiration may be misrepresented 
redundantly considered in the numerical model (AGE, 2017) and the soil moisture balance 
mentioned in sections 3.2 and 8.2.6 in the report (AGE, 2018), and the appropriateness of 
assignment of observed data to numerical model layers. 

The independent review makes repeated reference to Heritage Computing model (2012), 
and use it to assess the performance of the reviewed model (AGE, 2017).  This is acceptable 
but future reviews should not be biased towards a particular previous model. 

Lands and Water recommends the following for groundwater model reviews in the BTM 
Complex area: 

i. Systematic review according to agreed guidelines (e.g. the Australian 
Groundwater Modelling Guidelines, 2012). 

ii. Progressive review of all future models. 

iii. All future models should aim at meetings as many Class 3 model confidence level 
criteria as defined in the Australian Groundwater Modelling Guidelines (2012) as 
much as possible. 

iv. The review of any auxiliary models used, e.g. stratigraphic and soil moisture 
balance models. 

v. Reviews should include an assessment of the assignment of observation datasets 
used in model calibration and verification to numerical model layers. 

vi. Reviews should look at modelling objectives in addition to any overarching project 
objectives. 

vii. Detailed assessment of the conceptual model, which should be clearly presented 
in a special section in future model reports. 

viii. If previous model verification is required, the review should assess the adequacy 
of the verification methodology, the reasonability of the verification process 
outcomes and that updated models provide improved simulation and predictions 
based on the verification of preceding models. 

ix. The review should consider all previous models adequately. 

                                                
3 Barnett et al, (2012). Australian Groundwater Modelling Guidelines. Waterlines Report. National Water 
Commission. Canberra. 
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2. Have previous model predictions been adequately verified?  

Appendix B in the report (AGE, 2018) clearly shows that groundwater level predictions only 
from the AGE (2014) model were verified using observations made over the period 2013-
2016.  Groundwater flow predictions from all other models have not been considered. 

If a combined model is to be used for all three mining operations, then predictions of all 
previous models, including models not listed in this assessment, should be verified with the 
explicit objective of identifying previous modelling shortcoming and setting up a strategy to 
avoid them in new modelling. 

Lands and Water recommends completing the verification reported in AGE (2018) by 
including all previous models related to the BTM Complex area. 

3. What is the outcome of the previous model predictions verification?  

The reviewed report is not clear about the objectives of the verification process.  It is 
assumed that the objective of the verification exercise is to see where and why previous 
models performed well or badly and use this knowledge to enhance future model 
performance and predictions.  Section 7 in the AGE (2018) report clarifies that the verification 
process involved comparing [AGE, 2014] model predictions to observed groundwater levels 
and trends, and estimates of pit inflow from site water balances.   

The report (AGE, 2018) attributes the noticed disagreements between AGE (2014) model 
predictions and observations to a range of possible reasons including: (1) variability in 
hydraulic properties that is not represented in the model, (2) inappropriate hydraulic 
parameters or recharge rates in the model, and (3) not representing enhanced infiltration 
from water storage facilities.  However, the report (AGE, 2018) does not explain whether 
such matters have been addressed in the new model (AGE, 2017) and, if not, why. 

It seems that the use of MODFLOW-USG in the new AGE (2017) model instead of 
MODFLOW SURFACT used in AGE (2014) and other model completed for mines in the BTM 
Complex area is based on a decision to use unstructured grid rather than rectangular grid.  
Section 8 of the AGE (2018) report notes that the use of unstructured mesh in the new model 
enables better representation of areas of interest, geological elements, boundary conditions 
and mining voids with an optimal model grid, aiding numerical stability and limiting the 
number of cells.   

However, inflexibility of rectangular grids was not identified as a problem in the model 
verification exercise, so adaption of the new modelling engine and gridding method is not 
clearly related to previous model verification.  Similarly, it is not clear how the previous model 
verification has led to the adoption of the extent of the 2014 Maules Creek model with minor 
changes, the addition of seven layers to better represent the base of the Tarrawonga Mine, 
and splitting each interburden layer in the previous model into two layers of equal thickness.  

The report (AGE, 2018) also does not clarify any links between the previous model 
verification exercise and any of the model components including recharge, 
evapotranspiration, wells, abstraction, rivers, creeks, drains, and the calibration approach 
(single-material layers and properties determined for materials, as presented in Table 8.2 of 
the report). 

In conclusion, there is no evidence that the updated model is based on or benefited from 
verification of previous model predictions. 

Lands and Water recommends undertaking comprehensive analysis of previous model 
verification data and presenting the results in a special section in the modelling report.  The 
modelling report should clearly demonstrate that the new model has benefited from previous 
model verification in terms of improved simulation and predictions. 
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4. Is the updated model adequate to reliably update predictions for drawdowns and 
takes of entitlement from all water sources?  

AGE (2018) report notes a potential for using the AGE (2017) model for all three mines in the 
BTM Complex.  This is encouraged as it will provide consistency across the entire BTM 
Complex area and will enable more effective assessment and management of cumulative 
effects.  However, it also means that the combined model would have greater influence over 
environmental and resource management in the area, which would require it to have the 
highest possible level of confidence and reliability. 

As noted above, it seems that the AGE (2018) modelling project has only verified 
groundwater level predictions by the AGE (2014) model using observations made over the 
period 2013-2016 (Appendix B of the report) and ignored all other models completed in the 
area.   

Benefits from the verification process are not evident or discussed in the reviewed report.  
There is not much evidence of enhanced performance in the new model (AGE, 2017) in 
terms of fitness between observed and modelled heads (calibration).  

Figure 2 shows that an old model (AGE, 2014) has in some cases simulated groundwater 
level more closely than the new model (AGE, 2017).  Figure 3 shows that the new model 
(AGE, 2017) simulation of seasonality in some cases is poorer than the older model (AGE, 
2014).  There are also examples of poorer simulation of trend (AGE, 2017). 

  
Figure 2. Goodness of fit between observed and modelled data.  Right: AGE 2014 old model.  
Left: AGE 2017 updated model. 

 

  
Figure 3. Representation of seasonality in the old and new models.  Right: AGE 2014 old 
model.  Left: AGE 2017 updated model. 
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There is also evidence that the new model (AGE, 2017) has performed poorer than previous 
models (e.g. AGE, 2014) in terms of simulating groundwater exchanges between various 
strata, e.g. the alluvium and bedrock.   

Inspection of hydrographs presented in appendices B and C for monitoring sites GW967138 
and REG1 (also referred to as REG01 and REG_01 in the report) reveal that observed data 
indicate persisting downward gradient.  The two sites are approximately 60 m apart.  The 
observations presented in Figure 4 (Left) show that groundwater head decreases with depth 
in the alluvium, and that the heads in the underlying strata are lower.   

The groundwater head observations presented in Figure 4 (Left) show decrease in head with 
depth in the strata that underlie the alluvium.  So, groundwater head observations in the area 
indicate downward hydraulic gradient and, subsequently, downwards groundwater flow.  

Figure 4 shows that the old model (AGE, 2017) generally successfully simulates observed 
field conditions.  However, the new model (AGE, 2017) completely reverses hydraulic 
gradient and the groundwater flow direction (Figure 5).  This shortcoming in the model 
simulation critically affects its ability to serve as a prediction tool for licensing and impact 
prediction purposes. 

 
 

Figure 4. Observed and AGE (2014) Model calculated groundwater heads at different 
depths.  Left: Alluvium (GW967138: shallower) vs Jeralong (v1: deeper).  Right: Merriown 
(V2: shallower) vs Nagero (V3: deeper)4, indicating downward hydraulic gradient and 
groundwater flow (see Figure 1 for location). 

 

 

Figure 5. AGE (2017) Model calculated groundwater heads at different depths (Alluvium: 
shallowest, V2: in-between, V4: deepest)5 suggesting upward hydraulic gradient and 
groundwater flow (see Figure 1 for location).   

It appears that the AGE (2017) model may be combining geological units into numerical 
model layers ineffectively, e.g. lumping the Jeralong, and Merriown coal seams into 
numerical model layer 8, missing the chance for better model representation and calibration 

                                                
4 Figure compiled from the hydrographs presented in AGE (2018) report, specifically GW967138_2, REG1_V1, 
REG1_V2 and REG1_V3 in Appendix B. 
5 Figure extracted from hydrograph REG01 presented Appendix C in AGE (2018) report. 
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using data from observation points in each individual unit, e.g. REG1_V1 in Jeralong Coal 
Seam and REG1_V2 in Merriown Coal Seam.  Revising the numerical layer assignment and 
representation to hydrostratigraphic units will help with model calibration through providing 
more appropriate correlation between observations and model calculations.  It will also 
enable more reliable assessments of flows and licensing requirements. 

In addition to the above discussed numerical model simulation inaccuracies, there are 
conceptual shortcomings in the new model (AGE, 2017) that most probably affects its 
simulation and prediction capabilities.  The new model (AGE, 2017) does not adequately 
simulate hydraulic properties spatial variability (heterogeneity), recharge, evapotranspiration, 
mining progression, hydraulic conductivity-depth relationship, geological structure, and 
leakage from water storage facilities. 

The new model (AGE, 2017) neglects important characteristics of the simulated groundwater 
system like the faults that occur to the north and south of the BTM complex, which can act as 
groundwater flow barriers.  These prominent structures can have profound impact on the 
model predictions.  Their importance can increase with mining progression as they can 
amplify drawdown in certain areas, and stop its progression to other areas. 

Recharge and evapotranspiration rates in the new model (AGE, 2017) need to be 
reconsidered.  Incorrect estimates will affect model calibration for hydraulic conductivity and, 
subsequently, will impact groundwater level drawdown and flux estimates.  Noticeably, the 
report states that recharge estimates are based on soil moisture balance (SMB) modelling, 
which normally accounts for evapotranspiration.  The report does not clarify if the additional 
evapotranspiration included in the model is from the groundwater directly or the vadose 
zone. 

The reviewed report (AGE, 2018) notes many of the shortcomings in the new model (AGE, 
2017) but does not explain why they have not been mitigated.  An example on this is the 
mismatch between measured and modelled groundwater levels at the Maules Creek 
monitoring bores that the report attributes to inaccurate representation of mining progression 
in the model.  However, a solution has not been attempted. 

The independent review generally endorses the model (AGEM, 2017) and report (AGE, 
2018) methodology for apportionment of cumulative effects between mines in the BTM 
Complex.  However, it notes that it produces counter-intuitive results.  The report (AGE, 
2018) does not describe any work to verify the model (AGE, 2017) apportionment of 
cumulative effects by comparing it to other methods (e.g. zone budgets) or previous model 
calculations.  The holistic water budgets presented in the AGE (2018) report, e.g.  

Table 8.3 and Figure 8.8, are not particularly useful to understand impacts of mining on 
groundwater levels and fluxes.  The abstraction and impact apportionment methodology 
described in sections 8.3.5 and 8.3.6 are unrealistic, overly complicated and subjective.  
They are required to be replaced by or at least verified against other methods such as by 
zone budget calculations.  Special attention is required to be given to predictions relating to 
the alluvial aquifers and licensing requirements in general. 

The report (AGE, 2018) does not present any information about initial conditions used in the 
new model (AGE, 2017).  Being a transient model, initial conditions can influence the new 
model (AGE, 2017) results (estimates and predictions).  It is important to know whether the 
new model (AGE, 2017) initial conditions are based on new steady-state model calibration 
using unstructured grid and MODFLOW-USG or have been obtained from a previous model, 
e.g. AGE (2014). 

The report (AGE, 2018) states that the new model (AGE, 2017) �³generally achieves aspects 
of Class 2 and Class 3 confidence level criteria. It does this by simulating a similar calibration 
period to the predictive model, replicating seasonal responses to surface water/rainfall 
interaction (where included), and meeting calibration and model error statistics.�  ́

AGE (2017) model does not meet Class 3 confidence level criteria as clarified below: 
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1. Data 

�x There is a data gap area to the south-east of TA60 and south-west of TA65 which is 
an important area for model calibration. 

�x It does not demonstrate proper use of bore logs and associated stratigraphic 
interpretations clearly define aquifer geometry. 

�x Reliable metered groundwater extraction and injection data are not available 

�x There is no evidence of utilising aquifer-testing data in defining key parameters such 
as hydraulic conductivity. 

�x Streamflow, stage measurements and reliable baseflow estimates are either not 
available or not demonstrated to have been used in the model. 

�x The model report does not indicate the use of suitable digital elevation model (DEM) 
data.  Use of DEM is noted in Table 8011 twice, but ambiguously. 

2. Calibration  

�x The model calibration does not account for spatial variability (i.e. heterogeneity) due 
to the use of single zones for geological material rather than pilot points.  Also, it is 
not known if the same hydraulic conductivity values have been used for the same 
material that are represented in two separate units or model layers, or if it was varied. 

�x The model has not been adequately validated (no verification undertaken). 

�x In areas, long-term trends are not adequately (even in some cases totally reversed) 
and seasonal fluctuations is not replicated. 

3. Prediction  

�x The model has not been adequately validated/verified to indicate that calibration is 
appropriate for locations and/or times outside the calibration model. 

�7�K�H���$�X�V�W�U�D�O�L�D�Q���*�U�R�X�Q�G�Z�D�W�H�U���0�R�G�H�O�O�L�Q�J���*�X�L�G�H�O�L�Q�H�V���G�H�I�L�Q�H�V���H�[�S�O�D�L�Q�V���W�K�D�W���³Verification 
involves comparing the predictions of the calibrated model to a set of measurements 
that were not used to calibrate the model. The aim is to confirm that the model is 
suitable for use as a predictive tool.�  ́

4. Key indicators  

�x The report does not show that model parameters and stresses (e.g. mining operation 
progress) are consistent with conceptualisation. 

�x T�K�H���P�R�G�H�O���U�H�Y�L�H�Z���E�\���³an experienced, independent hydrogeologist with modelling 
experience�´���G�H�H�P�V���L�W���I�L�W���I�R�U���S�X�U�S�R�V�H�����L�W���K�L�J�K�O�L�J�K�W�V���L�P�S�R�U�W�D�Q�W���L�V�V�X�H�V���W�K�D�W���Q�H�H�G���D�W�W�H�Q�W�L�R�Q�� 

Reviewing the model report (AGE, 2018) suggests that the new model (AGE, 2017) may 
even not fully meet some Class 2 confidence level criteria.    This assessment is of the 
opinion that new models in the BTM Complex area should be intended to achieve Class 3 
model confidence level as much as possible. 

The independent review indicates that the predictions of the new model (AGE, 2017) 
�³maybe� ́�S�O�D�X�V�L�E�O�H���D�Q�G���W�K�D�W���³�W�K�H�U�H���L�V���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���V�X�E�V�W�D�Q�W�L�D�O���X�Q�F�H�U�W�D�L�Q�W�\���L�Q���W�K�H���H�V�W�L�P�D�W�H�G��
�O�L�F�H�Q�V�D�E�O�H���W�D�N�H�V�´�������/�D�Q�G�V���D�Q�G���:�D�W�H�U�¶�V view is that the new model (AGE, 2017) needs 
important enhancements to make it adequate to reliably update predictions for drawdowns 
and takes of entitlement from all water sources. 

Lands and Water recommends thorough and careful review of the conceptual and numerical 
model to be able to fulfil the approval requirements for the Boggabri and or other mines in the 
BTM Complex area.  Previous model verification and progressive model review must be 
integrated in the process.  The revised model should be considerate of all comments 
provided in this assessment and in the independent review. 



 
WAMs: 27751  

Page 25 of 35 
 

5. Does the groundwater monitoring program require improvements to enable 
ongoing model validation/recalibration?  

The independent review highlighted a data gap area, which needs to be addresses to 
improve future model calibration and enhance prediction reliability.  Lands and Water 
recommends filling this data gap as soon as possible. 

Lands and Water also recommends utilising numerical modelling and sensitivity analysis 
techniques in assessment of the adequacy of the monitoring network to meet technical and 
operational requirements of the mines in the BTM Complex.  Any identified essential 
�H�Q�K�D�Q�F�H�P�H�Q�W�V���P�X�V�W���E�H���L�P�S�O�H�P�H�Q�W�H�G���W�R���H�Q�K�D�Q�F�H���W�K�H���Q�H�W�Z�R�U�N�¶�V���D�E�L�O�L�W�\���W�R���S�U�R�Y�L�G�H���G�D�W�D���I�R�U��
modelling purposes. 

Some hydrographs presented in appendices B and C display questionable data from 
vibrating wire piezometers (VWP), e.g. REG2 and REG9.  While some VWP data suggest 
malfunction of the VWP setup, some hydrographs indicate high level of hydraulic connection 
between the alluvium and the coal basin.  The proponent is required to validate the accuracy 
of all the VWP data and confirm that the data are representative of the formations they are 
supposed to be representing.  Lands and Water recommends reviewing the suitability of 
VWP methods and data gathered so far from VWPs in the area specifically for model 
calibration and verification purposes. 

6. Are any meetings required to discuss  further?  

This assessment identifies many technical modelling issues that are deemed inadequate.  A 
Lands and Water is prepared to meet the proponent and/or their consultants to discuss such 
matters. 

7. Does the report clearly describe and quantif y pre - and post -mining groundwater 
exchanges between the bedrock and alluvium?  

The reviewed report (AGE, 2018) does not present an adequate description or quantification 
of hydraulic relationships between various formations prior to or post commencement of 
mining operations in the BTM Complex area.  Special water budget analytical and numerical 
model calculations are required to explore the relationships between the alluvium and other 
strata. 

It is important to note that the new model (AGE, 2017) sets constant head (CHD) boundaries 
in layers 1 and 2 along the southern and western edges of the model to represent 
groundwater flow into the model and groundwater flow out of the model, respectively.  The 
conceptual assumptions have important implications on the numerical model calculations.  
The reported model verification process (AGE, 2018) has not checked the effects of these 
assumptions on previous model predictions.  In addition, the new modelling (AGE, 2017) did 
not include sensitivity analysis of these boundary conditions. 

There may be a need to refine the model grid and/or build local-scale models to adequately 
simulate and make prediction for certain areas and/or purposes like the exchange of 
groundwater between the alluvium and the bedrock. 

Lands and Water recommends: 

i. Undertaking hydrogeological assessment and numerical modelling sensitivity and 
uncertainty analysis to validate the appropriateness of the constant head (CHD) 
boundaries defined in the alluvial aquifer. 

ii. Considering the need for refining the model grid and/or building local scale 
models to adequately simulate and make prediction for certain areas or purposes 
(e.g. alluvium-bedrock groundwater exchanges in specific a zone). 

iii. Preparation of water budgets using analytical and numerical modelling techniques 
to adequately describe and quantify hydraulic relationships between various 
formations prior to and post commencement of mining operations in the BTM 
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Complex area.  Budget calculations must be prepared for well-identified agreed 
units and should comprise cumulative effects analysis. 

8. Does the report include plans for the three mining operations with regards to ho w, 
when and frequency of undertaking combined model verification and updating to 
meet the similar requirements of individual approvals and the common  Leard 
Forest Mining Precinct Water Management Strategy, particularly with regards to 
cumulative impacts of  the three mines on groundwater?  This includes plans for 
information sharing.  

The reviewed modelling report (AEG, 2018) does not include individual or combined plans to 
undertake individual, coordinated or combined model verification or updating work as 
required from the BTM Complex mines through individual approvals and the Leard Forest 
Mining Precinct Water Management Strategy.  

 The reviewed report (AEG, 2018) clearly states it has been prepared for the Boggabri coal 
mining operation.  There is no evidence or indication to that the model, the modelling report 
or any plans in it are endorsed or embraced by the other two operations.  The report (AGE, 
2017) does not represent a commitment from the Boggabri Mine to coordinate or collaborate 
with the other two operators in the area.   

The report (AGE, 2018) merely presents recommendations for collaboration between the 
BTM Complex mines, including alignment of model verification and updating times, data 
sharing and exchange of entitlements.  The �³�'�U�D�I�W���:�D�Wer Management Strategy for Boggabri 
�± Tarrawonga �± �0�D�X�O�H�V���&�U�H�H�N���&�R�P�S�O�H�[�´�����G�D�W�H�G���-�X�Q�H���������������:�0�6�� also does not present any 
plans for individual or collaborative periodic model verification and updating. 

Lands and Water recommends that the Boggabri Mine produces model collaboration, 
verification, updating, data sharing and cumulative impacts assessment and management 
plan/s individually or jointly with the other two mines in the BTM Complex area in fulfilment to 
the requirements of relevant consent conditions. 

9. Does the report clearly outline a plan to use results of model updates to inform 
updates of the water management strategies for the three mining operations, 
specifically in terms of improvements and updates of the management triggers and 
responses?  

The model report does not include any plans for future model verification, updating or 
contributions to water management plans in the BTM Complex area. 

C. Additional comments  
AGE (2018) groundwater modelling report is generally well-structured and useful.  However, 
some enhancements and corrections are needed to make it more useful and fit-for-purpose.  
Lands and Water noticed the following issues that require attention in the report and the 
modelling project in general.  They are not listed in any particular order. 

�x The new model (AGE, 2017) is not an update of a previous model (e.g. AGE, 2014).  
It is a totally new model that covers the same area with some commonalities between 
the two models. 

�x The report does not include a summary.  A concise, informative summary is required 
to be added to the modelling report. 

�x The report contains unexplained abbreviations and acronyms.  Explanation is 
required where first mentioned and in a list or table. 

�x There are some inconsistencies that need to be emended, e.g. Table 8.1 makes 
�U�H�I�H�U�H�Q�F�H���W�R���³�����������P�R�G�H�O�¶�����Z�K�L�F�K���K�D�V���Q�R�W���E�H�H�Q���P�H�Q�W�L�R�Q�H�G���H�O�V�H�Z�K�H�U�H���L�Q���W�K�H���U�H�S�R�U�W��  
Also, it is not clear if the previous model should be referred to as AGE 2013 or 2014. 
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�x The y-axis scale of the hydrographs in the appendices does not provide for easy 
comparisons between observed and modelled heads. 

�x Graphical presentation of the simulated heads produced by the old (AGE, 2014) and 
new (AGE, 2017) models in two separate appendices (B and C) makes is difficult to 
compare modelling results at specified sites, or correlate simulated and observed 
data between different sites. 

�x A summary/inventory of all previous models is needed.  This should include but not 
be limited to AGE (2011), Schlumberger (2012), Heritage Computing (2012), AGE 
(2014), Parsons Brinkerhoff (2015), etc. 

�x A section is needed on the findings of previous model verification and corresponding 
improvements made in the new model. 

�x A special conceptual model section is needed (not as part of geology). 

�x Report must be checked for consistency, �H���J�����W�K�H���P�H�Q�W�L�R�Q���R�I���D���³�����������P�R�G�H�O�´���L�Q���D��
table which is not mentioned anywhere else in the report, mixed reference to the 
previous AGE model as 2014 and 2013, confusing reference to monitoring sites, e.g. 
REG1, REG01, REG_01. 

�x Merging appendices B and C and combining figures for monitoring sites to allow easy 
comparison between results of the new model with those of previous models. Colour 
and/or line symbol coding will be required. 

�x Representing pre and post AGE (2014) model observations graphically in Appendix B 
as two datasets and distinguishing them by different colours is not very helpful.  A 
vertical line can be drawn to distinguishing pre and post AGE (2014) model 
observations (i.e. simulation and verification).  This data are better presented together 
with old and new model simulation/prediction results. 

�x The presentation of two observation data sets in the L01 North - Alluvium 
hydrographs in Appendix B is confusing (Figure 6).  A �³�X�V�H�I�X�O�´��legend is needed to 
relate data to their respective piezometers.  Also, clarification is needed to which 
dataset is used to calibrate the model. 

 
Figure 6. Two sets of observation data from the same monitoring site. 

�x The combined section on topography, drainage and land use is useful.  However, it is 
very short and does not discuss relationships, or lack thereof, between the mining 
operations and surface water features in the area, particularly that at least some of 
the interference will involve groundwater. 

�x The report does not make reference to the DEM used in the model (source, 
resolution, accuracy). 

�x It would be useful to indicate the screened formation or aquifer in Figure 3.9. 
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�x �,�W���L�V���X�Q�N�Q�R�Z�Q���L�I���W�K�H���³�U�H�J�L�R�Q�D�O�´���I�O�R�Z���S�D�W�W�H�U�Q��presented in Figure 3.9 is meant to 
represent certain hydrostratigraphic unit/s or the entire flow system. 

�x The depth to water is not noted in the text or presented graphically.  A depth to water 
[table] map would be useful. 

�x It is not clear whether surface water stage has been used in the groundwater level 
mapping presented in Figure 3.9. 

�x The report does not discuss groundwater-surface water interaction. 

�x Important structural geology features (e.g. faults) and their potential effects on the 
groundwater flow system are not discussed in the geology section. 

�x The hydrogeology section needs to be expanded.  It will be useful to include some 
information on groundwater quality, data availability (e.g. pumping tests), expected 
hydraulic properties values and ranges from field tests, brief assessment of aquifer 
vulnerability, possible pollution sources, and potential effects of the mining operations 
on groundwater quantity and quality. 

�x The use of the term �³�0�L�Q�L�Q�J���L�Q�I�O�R�Z�V�´��in the second paragraph in Section 7.3 is 
inappropriate. 

�x Mine inflows data in various units (ML/d and ML/y) and for various periods (2014, 
2015, 2014/2015) are scattered across various sections of the report (AGE, 2018) in 
different formats, which make them difficult to understand.  They are provided in 
bullet point format in Section 7.3.1 (daily and yearly averages), text in Sections 7.3.2 
and 7.3.3 but in a mix of daily and yearly averages, as ranges in bullet points and 
table in Section 7.3.4, and a graph and ranges in bullet points in Section 8.2.4.  In 
addition, the calculation year is not clear (i.e. calendar or water year). 

�x Apparently, a single hydraulic conductivity value was used in the updated model 
(AGE, 2017) for the two layers that represent each interburden layer in the AGE 
(2014) model.  This suggests that the purpose of the layer subdivision was to 
�L�Q�F�U�H�D�V�H���W�K�H���P�R�G�H�O�¶�V���Y�H�U�W�L�F�D�O���U�H�V�R�O�X�W�L�R�Q�����Z�K�L�F�K���V�K�R�X�O�G���P�D�N�H���L�W���H�D�V�L�H�U���W�R���G�L�V�F�X�V�V��
vertical flows and gradients in the report. 

�x Despite designating 19 layer in the model (AGE, 2017), vertical groundwater flows 
and gradients are not noted or discussed at all in the report (e.g. not shown in Figure 
3.8 which presents a conceptual geological cross section).   

This information is needed and inter-formation flows need to be investigated.  The 
�U�H�S�R�U�W���L�Q�G�L�F�D�W�H���W�K�D�W���³�H�D�F�K���R�I���W�K�H�������������P�R�G�H�O���O�D�\�H�U�V���U�Hpresenting interburden layers 
�Z�H�U�H���V�S�O�L�W���L�Q�W�R���W�Z�R���O�D�\�H�U�V���R�I���H�T�X�D�O���W�K�L�F�N�Q�H�V�V�´�����E�X�W���G�R�H�V��not provide the rational for 
doing this ���V�K�R�X�O�G�Q�¶�W���E�H���O�L�P�L�W�H�G���W�R���E�H�W�W�H�U���J�H�R�O�R�J�L�F�D�O���X�Q�L�W���U�H�S�U�H�V�H�Q�W�D�W�L�R�Q��. 

�x The maximum evapotranspiration rate of 1,821 mm/yr seems excessive, especially in 
relation to the average rainfall and evapotranspiration data presented in Table 3.1. 

�x The soil moisture balance (SMB) model mentioned in Section 3.2 is not described.  
Normally, SMB models account for evapotranspiration in their calculations and, 
consequently, estimation of groundwater recharge.  If this is the case with the used 
model, then there may be no need to represent evapotranspiration in the groundwater 
flow model (Section 8.1.3.1) as this could represent double accounting unless if it is 
taken from the aquifer (i.e. direct evapotranspiration from the water table). 

�x A map is needed to show final [average] recharge and evapotranspiration estimates 
across the model domain. 

�x Section 8.2.6 does not provide explanation for the application of recharge calculated 
from SMB modelling at differing rates to different material in layer 1 of the model.  
Also, it does not clarify whether recharge was applied as average daily values or as 
calculated over various stress periods.  In addition, recharge and evapotranspiration 
values have been changed during calibration, which raises questions on the validity 
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of recharge values in the model and the adequacy of the reported SMB model.  
Overall, recharge and evapotranspiration incorporation in the model seems to be 
arbitrary.  

�x The report does not clarify how the abstraction was incorporated into the model (e.g. 
by specifying layers, specifying points, or using screen information). 

�x The use of zonal calibration and assuming constant hydraulic properties for each 
layer needs rational.  Ignoring spatial variability (heterogeneity) has been noted as a 
possible shortcoming in the independent review and at least exploring the need to 
represent it is considered essential here.  It seems that hydraulic properties have also 
been kept the same for various numerical model layers representing the same 
stratigraphic units. 

�x Hydraulic property values for the new (AGE, 2017) and old (AGE, 2014) models 
presented in Section 8.2.5 are not easy to compare.  Table format is preferred (could 
expand Table 8.2).  The combined table should also include layer numbers provided 
separately in Table 8.1.  Vertical anisotropy (KH/KV) needs to be presented for the 
old and new models. 

�x There is a need to comment on horizontal anisotropy (Kx/Ky) for various 
lithostratigraphic units in the old and new models. 

�x The numerical model implementation needs to be better described to enable effective 
model vetting and future verification and updates.  This includes clarification of 
numerical layer extents, how real geological layers were matched to numerical model 
layers, etc.  Additional maps, cross-sections and possibly fence-diagrams will be 
needed to clearly present the model. 

�x The representativeness of groundwater level observations is not clear and, 
accordingly, model calibration results cannot be fully understood.  This is important to 
understand the goodness of the calibration.  The report needs to clarify how 
observations were assigned to model cells (e.g. by layer, z value or screen extent). 

�x It would be useful to include a table to compare hydraulic property values used in all 
previous models and the current model including AGE (2011), Schlumberger (2012), 
Heritage Computing (2012), AGE (2014), Parsons Brinkerhoff (2015) and all other 
relevant work.  It would also be useful to discuss how parameterisation differences 
may have affected modelling results. 

�x Goodness of fit between observed and measured values should be presented in 
additional forms, including per geological material and per layer model not only 
�³according to their origin�  ́as presented in Figure 8.4.  The term �³origin�  ́is not 
appropriate to refer to monitoring network. 

�x Section 8.2.4 on inflows is ambiguous in terms of the calibration targets obtained from 
water balance calculations.  It is unknown whether the estimates presented for each 
of the mines are long-term averages or reprehensive of a certain period.  Calibration 
targets are not marked on Figure 8.5 to enable easy comparison.  In addition, the 
total inflow value in Figure 8.5 is not particularly useful for practical reasons. 

�x In Section 8.2.4, t�K�H���V�W�D�W�H�P�H�Q�W���W�K�D�W���³�7�K�H���P�R�G�H�O�O�H�G���L�Q�I�O�R�Z�V���D�U�H���F�O�R�V�H���W�R���W�K�H���R�E�V�H�U�Y�H�G��
�L�Q�I�O�R�Z�V���«�´���L�V���P�L�V�O�H�D�G�L�Q�J���D�Q�G���V�K�R�X�O�G���E�H���F�R�U�U�H�F�W�H�G�������7�K�L�V���V�H�F�W�L�R�Q���F�R�P�S�D�U�H�V���U�H�V�X�O�W�V���R�I��
two modelling methods, not model calculations against real observations. 

�x Groundwater level and/or depth to water data (e.g. average, median, min and/or max) 
must be added to the tables in appendix A. 

�x Indicate measurement point and/or land elevation in the figures in appendices B and 
C. 

�x The report notes the introduction of a small separate recharge zone within the 
alluvium around the Boggabri-Tarrawonga Coal handling and preparation plant 
(CHPP) to represent conceptual increase in the recharge generated by the 
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construction of several shallow ponds in this area of the site. It notes that automated 
calibration reduced recharge in this area and that conceptualisation of this area will 
require further review before the next model recalibration.  However, it does not 
clarify why this has not been made in this model or discuss numerical model options 
to represent this perceived stress/boundary condition. 

�x Section 8.2.7 provides a holistic average water budget obtained from the model 
(Table 8.3) and holistic quarterly water budget obtained from the model (Figure 8.8).  
However, it does not discuss, quantify or predict the exchange of groundwater 
between bedrock and alluvium before and during Maules Creek Mine operation, 
which is important for licensing purposes. 

�x The report notes that the model predict reduction in the �³Permian [rock] inflows� ́to the 
alluvium rather than flow out of the alluvium into the Permian strata.  This needs to be 
reconsidered after making the required modifications in the model. 

�x The report indicates that the new model predicts more extensive drawdown within the 
coal seams, but only limited and localised drawdown within the alluvium, stated to be 
consistent with previous versions of the model.  This conclusion must be revised 
following the required model revision. 

�x The report notes that the model predicts drawdown in the Merriown coal seams to 
reach the eastern and northern boundaries by 2019, but the predicted drawdown is 
different than drawdown predictions in the AGE (2011) and AGE (2014) models.  The 
new drawdown prediction is less extensive to the west and does not extend into the 
Boggabri Volcanics.   

However, it is more extensive towards the east reaching the model boundary.  The 
report presents possible reasons for the differences in predictions.  It argues that the 
new MODFLOW-USG (erroneously written as MODFLOW SURFACT in the report, 
page 49, line 19) is a better representation of reality but does not provide supporting 
evidence.  However, no analytical or numerical evidence is provided in support to this 
claim. 

�x The report includes an uncertainty analysis section that assesses the influence of 
simultaneously changing multiple parameters within the model, rather than the 
standard sensitivity analysis where only one parameter is changed at a time.  The 
assessment indicates average uncertainty of +40% to -80% of the calibrated base 
case model, which according to the report means that the volume of groundwater 
intercepted each year could be one and a half times or four fifths of the predicted 
volume.  The report must discuss the implications of this uncertainty on mine water 
take licensing and operational management. 

�x Uncertainty in the predicted extent of drawdown is presented graphically in Appendix 
F of the report.  However, it is not adequately discussed in the text (Section 8.4.3). 

�x The report presents an assessment of the model confidence level classification 
claimed to be according to the Australian Groundwater Modelling Guidelines (Barnett 
et al., 2012).  Table 8.11 in the report is inspired by Table 2-1 in the guidelines but 
misses on some details.  The report suggests that the model generally meets Class 2 
and Class 3 confidence level criteria as defined in the Australian Groundwater 
Modelling Guidelines (2012).  However, it does not specify the confidence level class 
required from the updated model.  The updated model should ideally meet Class 3 
confidence level criteria as much as possible because it should be able to: 

1. Adequately predict groundwater responses to changes in applied stress anywhere 
within the model domain (e.g. predicting groundwater levels in the alluvial aquifers 
and groundwater exchanges between them and other formations as mining 
progresses). 

2. Provide information for sustainable yield assessments for high value regional 
aquifer systems (e.g. estimates for licensing requirements). 
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3. Be used in evaluation and management of potentially high-risk impacts (e.g. 
effects on alluvial aquifers). 

4. Be used to design complex mine dewatering schemes (such as the BTM 
Complex). 

5. Provide reliable basis for apportionment of cumulative effects. 

6. Simulate the interaction between groundwater and surface water bodies to a level 
of reliability required for dynamic linkage to surface water models. 
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Attachment C  

Summary of independent review by Dr Noel Merrick  

Independent review by Dr Noel Merrick of Hydro Simulations is provided as a memo dated 
28 August 2018.  The review is stated to have been undertaken in accordance with national 
groundwater modelling guidelines.  It clearly explains the context and the review scope. 

The reviewer notes that he had reviewed a previous model for the Maules Creek Coal Mine 
(AGE, 2011) and co-authored a hydrogeological assessment of the Tarrawonga Coal Project 
(Heritage Computing, 2012). 

The review outlines the reviewed document contents and make reference to the review 
methodology.  It states that it has been generally conducted according to the 2-page Model 
Appraisal Checklist in MDBC (2001)6. 

The review can be summarised as follows: 

1. It was not conducted progressively as recommended in relevant guidelines. 

2. It is based solely on the material reported the modelling report.  The actual computer 
implementation of the model has not been checked. 

3. The report is a standalone document, well structured, well written and high-quality 
graphics. 

4. Clarification needed on changes made to the AGE 2011 model in the AGE 2014 
model. 

5. Direct comparison of performance between the previous model and the current model 
update provided in Section 7.4 is not possible. 

6. Omissions that require attention in the report (text, tables and figures) are well 
outlined. 

7. In Table 8.5 (Section 8.3.4), it is noted that no production bore is predicted to incur 
more than 2 m drawdown. 

8. Changes to the model are generally appropriate, including updating historical data 
records, inclusion of data from new bores, conversion from MODFLOW-SURFACT to 
MODFLOW-USG, conversion from a structured grid to an unstructured grid, minor 
changes to eastern model extent, increasing layers from 12 to 19, incorporation of 
actual progression for Boggabri and Tarrawonga mines, delayed commencement for 
Maules Creek Mine, inclusion of Goonbri Creek diversion and low permeability 
barrier. 

9. Actual progression for the Maules Creek Mine was unchanged. 

10. Modelling assumptions are generally appropriate, including adoption of regional 
geology, 19 model layers, quarterly stress periods, aggregation of Braymont, 
Jeralong and Merriown coal seams into one layer, aggregation of Velyama to Flixton 
coal seams into one layer, setting Boggabri Volcanics as base layer 19, varied grid 
spacing for different features, future private abstraction at 2003-2005 average rates, 
unified hydraulic conductivity for all interburden layers, unified hydraulic conductivity 
for all coal seam layers, rainfall recharge for Boggabri Volcanics and Permian outcrop 
lower than value adopted by Heritage Computing (2012), active mine drain cells to 
end of mining 

11. The review seems to disagree with some of the assumptions. 

                                                
6 MDBC (2001). Groundwater flow modelling guideline. Murray-Darling Basin Commission. 



 
WAMs: 27751  

Page 33 of 35 
 

12. Calibration for groundwater levels vary across the model domain from very good to 
poor. 

13. Seasonality is poorly simulated. 

14. The review notes general very good agreement in terms of magnitude between 
observed and simulated water levels at distant alluvial monitoring sites but rather 
poor east of Tarrawonga Mine and some Maules Creek Mine monitoring sites. 

15. The review notes agreement between spatial drawdown predictions in the reviewed 
model and the Heritage Computing (2012) model, except to the south-east of 
Tarrawonga Mine, attributing this to not presenting faults in this area in the new 
model. 

16. The review notes the completeness of the uncertainty analysis and its adequacy to 
explore the likelihood of maximum drawdown extent and various possibilities. 

17. The review notes that temporal trends in the simulated groundwater level 
hydrographs in Appendix C lack seasonal detail for shallow bores, but generally show 
declining trends at sites where mining effects have been observed. 

18. The review highlights that groundwater models can only aim to comply with order-of-
magnitude inflow estimates, generally derived as the balancing term in site water 
balance models. 

19. The review considers model estimates of mine inflow to be in the right order of 
magnitude and attributes overestimation of Maules Creek inflows for 2017 to 
shallower depths than anticipated in the model. 

20. The review notes substantial increase in predicted mine inflow at Tarrawonga Mine 
from 2024 when mining first enters the Goonbri Creek alluvium, which suggests that 
the additional inflow is from the alluvium. 

21. Disagreement in inflow predictions between the updated model and Heritage 
Computing (2012) indicates uncertainty with regards to the alluvial water volumes that 
require licensing. 

22. The review indicates that partitioned contributions to drawdown in Layers 1, 2 and 8 
based on single-mine simulations show some counter-intuitive results but it suggests 
the approach seems reasonable. 

23. The review notes that substantial increase in predicted porous rock water take at 
Tarrawonga Mine from 2024 when mining first enters the Goonbri Creek alluvium 
could be due to the deepening of the mined coal seams but would be counteracted by 
decreasing hydraulic conductivities with depth, which is not represented in the model. 
The review also notes that the model performs poorly in this area by severely 
overestimating heads. 

24. The review highlights the unreliability of the estimates of porous rock water volumes 
that require licensing. 

25. The review notes that uncertainty analysis has not been conducted for spatial 
variability of layer properties and considers this to be the mostly likely 
parameterisation required to improve the poor calibration to the east of the 
Tarrawonga Mine where the predicted mine inflows are likely to be exaggerated. 

26. The review also notes the need to explore the sensitivity to mine drain duration and 
progressive emplacement with spoil. 

27. The review concludes that change in the used modelling code and grid structure is 
appropriate.  It highlights the need to represent spatial variability of hydraulic 
conductivity (heterogeneity) in the model and that there is a data gap area where 
additional monitoring would be informative. 
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28. The review recommends that the next update of the model should incorporate actual 
progression in the Maules Creek Mine and decreasing hydraulic conductivities of 
interburden and coal seam with depth. 

29. Additional recommendations are made to address other matters noted in the review. 

30. The model appraisal table indicates recharge and discharge datasets have not been 
adequately analysed for their groundwater response.  With all other criteria being met 
to varying degrees.  Comments provided in the table contain suggestions to improve 
the model, which the review deems to be overall fit for purpose.  The review implies 
mostly Class 2 confidence classification as presented in the Australian Groundwater 
Modelling Guidelines of 2012. 

31. The model �S�U�H�G�L�F�W�L�R�Q�V���³�P�D�\�E�H�´���S�O�D�X�V�L�E�O�H. 

32. There is considered to be substantial uncertainty in the estimated licensable takes. 
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Attachment D  

Acronyms and Abbreviations  

3D Three dimension 
AGE Australasian Groundwater and Environmental Consultants Pty Ltd 
BTM Boggabri, Tarrawonga, Maules Creek coal mines (complex) 
CHPP Coal handling and preparation plant 
Ck Creek 
DEM Digital elevation model 
DPE Department of Planning and Environment 
Km Kilometre 
Kv/Kh Vertical hydraulic conductivity anisotropy 
Ky/Kx Horizontal hydraulic conductivity anisotropy 
MDBC Murray-Darling Basin Commission 
ML/d Million litres per day 
ML/y Million litres per year 
mm/yr Millimetre per year 
MODFLOW-SURFACT Modelling software name 
MODFLOW-USG Modelling software name 
NRAR Natural Resources Access Regulator 
NSW New South Wales 
SMB Soil moisture balance 
VWP Vibrating Wire Piezometer 
WMS Water Management Strategy 
WSP Water sharing plan 

 



File Reference: 27612 in WAMS 

Author : Andrew McCallum, 02 8838 7827  Reviewer: Cate Barrett , 02 6363 1424 
1 

Groundwater & Surface Water Assessment �± State Significant 
Development 

Proposed 
activity  

Maules Creek coal mine (MCCM) 

Due date 17 October 2018 

Context  Revised Annual Review 

Water 
Regulation 
Officer  

Tim Baker 

Advice request 

The request for assessment of the original 2017 Annual Review was (refer to Attachment A 
for full details): 

�ƒ Review of presented surface water, water quality and groundwater level data and water
take figures and assess against recent years data, the approved impacts and updated
groundwater model outputs in the WMP.

�ƒ Review of surface water, water quality and groundwater level data against the potential
for impacts to surface water flows in local watercourses (Back Creek and Maules Creek).
Note: A Ministerial has been received complaining about loss of flow in Maules Creek at
Elfin Crossing.

�ƒ Comment on the findings in the Annual Review.
�ƒ Adequacy of Annual Review in addressing reporting requirements of the WMP.
�ƒ Adequacy of current groundwater, surface water and water quality monitoring network.
�ƒ Adequacy of water balance to understand water take and interpret impacts.

This assessment is of the revised 2017 Annual Review. A separate advice request was not 
received for this re-review. 

Assessment overview 

Water Assessments has re-reviewed the groundwater content of the 2017 Annual Review 
(and associated documentation) for the Maules Creek Coal Mine (MCCM). Noting this 
document was assessed in conjunction with the MCCM updated Water Management Plan, 
the Boggabri, Tarrawonga, Maules Creek Complex (BTM) Water Management Strategy and 
the 2018 BTM Cumulative Groundwater Model update. 

�7�K�H���F�R�Q�G�L�W�L�R�Q�V���R�I���F�R�Q�V�H�Q�W���U�H�T�X�L�U�H���W�K�D�W���W�K�H���$�Q�Q�X�D�O���5�H�Y�L�H�Z�����³�L�Q�F�O�X�G�H�>�V�@���D��comprehensive 
review �R�I���W�K�H���P�R�Q�L�W�R�U�L�Q�J���U�H�V�X�O�W�V�«���L�Q�F�O�X�G�>�L�Q�J�@���D���F�R�P�S�D�U�L�V�R�Q���R�I���W�K�H�V�H���U�H�V�X�O�W�V���D�J�D�L�Q�V�W����������
�U�H�T�X�L�U�H�P�H�Q�W�V�«�P�R�Q�L�W�R�U�L�Q�J���U�H�V�X�O�W�V���R�I���S�U�H�Y�L�R�X�V���\�H�D�U�V�«�S�U�H�G�L�F�W�L�R�Q�V���L�Q���W�K�H���(�$�´�� 

However, there remains a lack of interpretation of the data and lack of comparison against 
historic monitoring data, modelled predictions and trigger levels. 

Furthermore, many of the matters raised in the previous assessment have not been 
adequately addressed, if at all. 

Consequently, the 2017 Annual Review is again found to be deficient in a number of areas 
(refer to Table 1 below).  

�'�R�F�X�P�H�Q�W����
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The overall review of the assessed documents has raised concern regarding the 
conceptualisation of the connectivity between the alluvium of the Upper Namoi (specifically 
Zone 11 (Maules Creek)) and the underlying Gunnedah-Oxley Basin in the numerical model 
on which impact assessment is based.  

The observed data generally indicates a downward gradient from the alluvium to the 
underlying coal basin however the model has hydraulic gradient going from the coal basin to 
the alluvium. 

The report indicates validation of the groundwater model was undertaken comparing the 
2014 model to the observed data however no comment is included on the generally poor 
correlation between modelled and observed data as shown in Appendix E. 

There is reference to a �0�&�&�0�������������³significantly updated and recalibrated� ́model which 
�³�G�R�H�V���D�F�K�L�H�Y�H�´���W�K�H���U�H�T�X�L�U�H�P�H�Q�W�V���I�R�U���P�R�G�H�O���Y�D�O�L�G�D�W�L�R�Q�����,�W���L�V���X�Q�F�O�H�D�U���L�I���W�K�H���0�&�&�0��2017 model 
is the same as the 2018 AGE BTM cumulative numerical model reviewed as part of this 
assessment. 

Noting this same error in conceptualisation of the hydraulic gradient and model calibration is 
also present in the 2018 AGE BTM cumulative numerical model. 

This inconsistency between the observed data and the modelled data is not addressed in 
any of the reviewed documents or captured by the trigger level response management. 

The surface water review found the original request for trend analysis of the data not 
addressed. 

The recommendations made below regarding the revised MCCM Annual Review address 
these matters. 

Recommendations  

With respect to the Annual Review, it is recommended DPE require the proponent to the 
updated the document to include: 

1 An assessment of all bores where the �µtrigger�V�¶��have been breached as per the 
requirement of the Water Management Plan. This assessment is to be provided to Lands 
and Water and further action may need to be taken. 

2 In Table 11, add the methods by which water take was measured/estimated for both 
passive and active water take per year from all intercepted and connected water sources.  
For example for the river extraction, state �µflow meter�¶ (suggest including the meter 
reading in the document), for passive take, state  �µmodelled estimate�¶, etc.  
Where the volume was estimated state how it was estimated, where modelled data is 
used, state the version of the model used. 

3 Measurement/estimation and analysis of all inputs and outputs to the pit including rainfall, 
runoff, groundwater inflows, pumping and evaporation. Including all data collected via the 
pit seepage monitoring program as described on page 89 of the revised Water Monitoring 
Plan. Where modeled data is used, state the version of the model used. 

4 Groundwater levels interpreted via maps showing hydraulic head contours and in cross 
sections (as well as hydrographs) showing vertical and horizontal gradients for the 
alluvial groundwater sources and multiple formations of the Gunnedah �± Oxley Basin. 
This to be updated each year as new data is collected �± the purpose of this data is to 
show trends over time. 

5 Thorough trend analysis of all the collected data, updated each year and compared to the 
long term data, including graphic representation for transparency and easier visualization 
of the data.  

6 An analysis of measured groundwater levels compared with modelled predictions as per 
the requirements for groundwater model validation. The data shown in Appendix E 
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generally shows a poor correlation between observed and modeled data in terms of 
hydraulic relationships between formations and in some cases water level trends.  
Clarification is also required regarding if the 2017 updated model referenced in section 
7.3.2 is the same as the �µ�����������$�*�(���%�7�0���F�X�P�X�O�D�W�L�Y�H���Q�X�P�H�U�L�F�D�O���P�R�G�H�O�¶�����1�R�W�L�Q�J���L�W���L�V���D��
condition of consent �I�R�U���D�O�O���P�L�Q�H�V���L�Q���W�K�H���%�7�0���F�R�P�S�O�H�[���W�R���³�F�R�R�U�G�L�Q�D�W�H���P�R�G�H�O�O�L�Q�J���S�U�R�J�U�D�P�V��
for validation, recalibration and re-running of the groundwater and surface water models 
�X�V�L�Q�J���D�S�S�U�R�Y�H�G���P�L�Q�H���R�S�H�U�D�W�L�R�Q���S�O�D�Q�V�´��  

7 Analyse the accuracy of all the vibrating wire piezometer data and validate that the data 
is representative of the formations it is monitoring. 

Lands and Water recommend: 

�x Tables 2 and 3 below are provided to the proponent, and all  matters contained in 
them are addressed. 

�x The proponent engages a duly qualified hydrogeologist to update the Annual Review. 

Lands and Water technical staff will make themselves available for a meeting with the 
proponent to address the recommendations regarding the annual review and issue with the 
modelling. 

�¨  Manager Water Assessment  endo rsement:   FH Date:  30/10/2018 

Comments: 

 

 

Background  

The Maules Creek Coal Mine (MCCM) is an existing coal mine owned and operated by 
Whitehaven Coal. The project was originally approved by Department of Planning & 
Environment (DPE) in October 2012 with subsequent modification approvals in 2013, 2014 
and 2017. 

The proponent has prepared an Annual Review (AR) for 2016-17 in accordance with 
Condition 4 of Schedule 5 of the project approval (PA 10_0138). 

Department of Industry �± Lands and Water Division (Lands and Water) and the Natural 
Resources Access Regulator (NRAR) has had extensive involvement during project 
development and ongoing review and management of this project.  

DPE requested Lands and Water review the 2017 Annual Review (dated 26/3/18) to assist in 
ongoing compliance of the site. Lands and Water made a series of four recommendations, 
and an additional eight sub-recommendations specifically about the Annual Review (see 
memorandum from Water Assessment to Natural Resources Access Regulator dated 4 May 
2018). The proponent has since revised the Annual Review (not dated). This assessment is 
of the revised 2017 Annual Review. 

The open cut mining area is located within the catchment of Back Creek. In this region, 
Quaternary alluvium associated with the Namoi River, and smaller creeks, form a productive 
aquifer system (the Upper Namoi Groundwater Sources). This is underlain by the Permian 
Maules Creek Formation consisting of interbedded siltstone, sandstone and coal seams of 
the Gunnedah-Oxley Basin.  

Seepage at the mine is via direct and indirect take of groundwater from these 
hydrostratigraphic units. Underlying these units is the Boggabri Volacnics basement. 

Groundwater and surface water hydrology issues have been raised by the community in 
recent times with ongoing management of this site. A key issue has been the potential 
impact to local surface water systems due to groundwater take associated with the mine. 
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This has been highlighted by recent media and ministerial requests (complaints of ceasing 
flow at Elfin Crossing on Maules Creek - 419051). It is requested this review consider the 
adequacy of the WMP to inform verification of impacts on adjacent water sources. 

Assessment  

�'�R�,���:�D�W�H�U�¶�V���D�V�V�H�V�V�P�H�Q�W���U�H�O�L�H�V���R�Q��the following documentation: 

�x Proponents 2017 Annual Review (dated 26/3/18) 
�x Proponents 2017 Annual Review (revised version, no date provided, for period 

ending 31 December 2017) 
�x Proponents Water Management Plan (Edition 3, Revision 3, dated 2018) 
�x Proponents updated numerical model report (August 2018) 
�x Department of Planning and Environment Development Consent1 
�x Office of Environment and Heritage Environment Protection Licence2 
�x Planning Assessment Commission (PAC) review3 
�x Proponents Response to submissions3 
�x Departmental submissions3 
�x Proponents original Environmental Assessment3  

Lands and Water has a number of concerns as outlined in Table 1 below. The 
recommendations made above, address the most significant of these concerns. The 
proponent should also address all matters raised in Table 1. 

Included as Table 2 and 3 is Lands and Water assessment of the original 2017 Annual 
Review. It is recommended that these tables are provided to the proponent, and all  matters 
contained in them are addressed.

                                                
1 Available at: 
https://majorprojects.accelo.com/public/2ee28e5c4d4042429b4b078771643b35/10.%20Maules%20Creek%20Co
al%20Project%20-%20Conditions%20of%20Approval.pdf 
2 Available at: http://www.whitehavennews.com.au/sustainability/environmental-management/maules-creek-mine/ 
3 Available at: http://majorprojects.planning.nsw.gov.au/index.pl?action=view_job&job_id=4142 
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Table 1: Recommendations  

DoI Water recommendations for original Annual Review  MCCM response  DoI Water comments  on revised Annual Review  

1 Revise the 2017 Annual Review by 30 June 2018 or within 
two months of notification of not-suitability and submit to 
Lands and Water for further review. The revised Annual 
Review must include:  

a. Measurement/estimation of passive and active water 
take per year from all intercepted and connected water 
sources along with their method of 
measurement/estimation and details of the pit seepage 
monitoring program. 

�0�H�D�V�X�U�H�P�H�Q�W���H�V�W�L�P�D�W�L�R�Q���R�I���S�D�V�V�L�Y�H���D�Q�G���D�F�W�L�Y�H���Z�D�W�H�U���W�D�N�H�«����The 2017 volumes of 
water take are already included in Table 11 and 12. We note the low volumes of 
passive and active take against licenced allocation, and the small percentages within 
total WSP allowance. Table 11 format aligns with the DP&E Annual Review 
Guideline. Additional notes are inserted to Table 12 to explain measurement/source in 
relation to pit seepage monitoring that addresses this request. Given mining depth 
was higher than originally modelled above the water table, passive take of porous 
rock source is negligible, and no reportable interception of other connected sources is 
reportable based on independent consultant review of the AR.  

 

Recommendation not addressed satisfactorily. The footnotes added to page 
57 do not provide the requested information, additionally the footnotes do not 
specify which model the version was used for the predictions. 

Add a column in Table 11 stating the method by which water take was 
measured/estimated for both passive and active water take per year from all 
intercepted and connected water sources. E.g. flow meter, modelled estimate 
etc. 

Meter reads for actual measure take should be included in the document. 

It is not stated against which model the site water balance data is based on 
given MCCM has referenced three versions of the model, this is significant 
given the Lands and Water have concerns regarding the conceptualisation 
and calibration of the model from the modelled data presented in the 
documents reviewed (see e. for further comment). 

 

b. Measurement/estimation and analysis of all inputs and 
outputs to the pit including rainfall, runoff, groundwater 
inflows, pumping and evaporation (the proponent 
explains lack of inflows is due to evaporations �± this 
needs to be qualified).  

Measurement/est�L�P�D�W�L�R�Q���D�Q�G���D�Q�D�O�\�V�L�V���R�I���L�Q�S�X�W�V���D�Q�G���R�X�W�S�X�W�V���W�R���W�K�H���S�L�W�«�«����This is 
�D�O�U�H�D�G�\���L�Q�F�O�X�G�H�G���Z�L�W�K�L�Q���7�D�E�O�H���������µ�6�L�W�H���:�D�W�H�U���%�D�O�D�Q�F�H�¶�����$�G�G�L�W�L�R�Q�D�O���I�R�R�W�Q�R�W�H�V���Z�H�U�H��
added to provide clarity and additional detail.  

 

Recommendation not addressed satisfactorily. The footnotes added to page 
57 do not provide the requested information. 

Noting page 89 of the revised MCCM WMP references a pit seepage 
monitoring plan listing numerous methods for collection of pit seepage data �± 
this data should be tabulated and included in the Annual Review.    

 

c. A summary of all groundwater monitoring points in the 
network presented in figure form, as well as a table 
listing coordinates, depth, type of monitoring installation 
and monitoring target formation details for each 
monitoring bore included in the report. 

A summary of all groundwater monitoring points in the network presented in figure 
form, as well as a table listing coordinates, depth, type of monitoring installation and 
�P�R�Q�L�W�R�U�L�Q�J���W�D�U�J�H�W���I�R�U�P�D�W�L�R�Q���G�H�W�D�L�O�V���I�R�U���H�D�F�K���E�R�U�H�«��A figure of monitoring points is 
shown within the Annual Review �± Figure 9, and additional details included in 
Appendix E. The reviewer should also note bore details are already provided within 
the WMP, and MCC query why duplication is required in the AR document (noting the 
same level of detail is not required for other environmental monitoring points). Bore 
details have been inserted in Appendix E.  

 

Recommendation not addressed satisfactorily. There is not a one to one 
match between Figure 9, the figure on page E-124 and the table on page E-
101-103. 

d. All monitoring data included in the annual review 
(hydrograph) i.e. not just the current years data. New 
data to be added each year and the trend analysis 
updated each year. A short term graphic representation 
may be necessary for better visualization.  

All monitoring data included in the annual review (hydrograph), ie not just the current 
�\�H�D�U�V���G�D�W�D�«��The Annual Review already summarises a review against EA 
predictions and baseline and data is already provided in tabled format within the 
appendices. To address the additional information request, hydrographs and 
commentary are now entered into the document (refer Appendix E) including previous 
years for comparison purposes.  

 

Recommendation partially addressed. Current and prior data included. Trend 
analysis not included. 

It is noted the hydrograph shown on page E-118 for REG02 is showing 
questionable results i.e. the vibrating wire piezometers (VWP) data from the 
Gunnedah-Oxley Basin formations strongly mimic the alluvial water level 
response indicated a high level of hydraulic connection between the alluvium 
and the coal basin at this location.  

The proponent is required to validate the accuracy of all the VWP data to 
show the VWP data is representative of the formations it is monitoring. 

 



File Reference: 27612 in WAMS  

Author : Andrew McCallum, 02 8838 7827  Reviewer: Cate Barrett , 02 6363 1424 
 6 
 

e. Groundwater levels compared against modelled 
predictions and trigger levels each year. 

Groundwater levels compared against modelled predictions and trigger levels each year 
�± refer amended text and triggers also included in Appendix E.  

Recommendation partially addressed. Trigger levels and model predictions 
included.  

It is noted that at some locations water levels vary significantly from 
predictions and are outside trigger levels. Commentary on these deviations is 
not included (see Section 7.3.2, pages 53-54).  

For example RB05 (page E-108) and Reg13 (page E-110) significantly deviate 
outside the trigger boundaries over a prolonged period (>1 year) with no 
mention of an investigation as per the requirement of the WMP �± this must be 
addressed. 

Additionally, the Annual Report indicates validation of the groundwater model 
was undertaken comparing the 2014 model to the observed data however no 
comment is included on the generally poor correlation between modelled and 
observed data as shown in Appendix E. 

There is reference to a �0�&�&�0�������������$�*�(���³�V�L�J�Q�L�I�L�F�D�Q�W�O�\���X�S�G�D�W�H�G���D�Q�G��
�U�H�F�D�O�L�E�U�D�W�H�G�´���P�R�G�H�O���Z�K�L�F�K���³�G�R�H�V���D�F�K�L�H�Y�H�´���W�K�H���U�H�T�X�L�U�H�P�H�Q�W�V���I�R�U���P�R�G�H�O��
�Y�D�O�L�G�D�W�L�R�Q�����,�W���L�V���X�Q�F�O�H�D�U���L�I���W�K�H���µ�����������0�&�&�0���P�R�G�H�O�¶���L�V���W�K�H���V�D�P�H���D�V���W�K�H������������
AGE BTM cumulative numerical model reviewed as part of this assessment. 

It is noted the modelled vertical flux and gradients between the Gunnedah-
Oxley Basin and Alluvium has been modelled as upward gradient with the 
�*�U�R�X�Q�G�Z�D�W�H�U���,�P�S�D�F�W���$�V�V�H�V�V�P�H�Q�W�����D�S�S�H�Q�G�L�[���0�����R�I���W�K�H���*�,�6���V�W�D�W�L�Q�J���³�7�K�H��
seepage will result in a reduction in the volume of groundwater from the 
�3�H�U�P�L�D�Q���E�H�G�U�R�F�N���L�Q�W�R���W�K�H���D�O�O�X�Y�L�D�O���D�T�X�L�I�H�U���´�� 

The actual measured data generally indicates downward gradient from the 
Upper Namoi alluvium to the Gunnedah-Oxley Basin (page E-118 as an 
example). 

This apparent error in the modelling has significant implications re potential 
impacts, licensing requirements and the water balance and hence is 
specifically relevant to this requirement and must be addressed.  

Noting this same error in conceptualisation and model calibration is also 
present in the updated BTM cumulative groundwater model developed by 
AGE 2018 for Boggabri Coal mine.  
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f. Groundwater levels interpreted via maps showing 
hydraulic head contours and in cross sections showing 
vertical and horizontal gradients. These to be updated 
each year as new data is collected. 

Groundwater levels interpreted via maps showing hydraulic head contours and in cross 
�V�H�F�W�L�R�Q�V���V�K�R�Z�L�Q�J���Y�H�U�W�L�F�D�O���D�Q�G���K�R�U�L�]�R�Q�W�D�O���J�U�D�G�L�H�Q�W�V�����W�K�H�V�H���W�R���E�H���X�S�G�D�W�H�G���H�D�F�K���\�H�D�U�«��this 
is not requested, or appear to be provided, by a selection of other operations Annual 
Reviews that were accessed. Text has been inserted into section 7.3.2 of the document 
�V�W�D�W�L�Q�J�«��The monitoring network targets a range of different groundwater systems at 
differing levels and therefore it is not appropriate to prepare water level contour lines 
when water level data is measured in different aquifer units. Despite this the available 
water level hydrographs can be interpreted to assess hydraulic gradients vertically and 
spatially.  

Recommendation not addressed satisfactorily. The requested information was 
not provided. 

The Department was not implying that water levels from different units should 
be contoured together.  

To be more explicit the recommendation requires that a contour map of the 
shallow alluvial groundwater sources (most relevant to the project) and 
individual maps for a number of coal basin formations be presented.  

Given this confusion it is suggest a qualified hydrogeologist is employed to 
address the groundwater aspects of all the reporting and assessment 
requirements of the project. Department technical staff will be available for 
further clarification.   

The reason for this recommendation is because there is insufficient review of 
the monitoring results by the proponent. 

It is noted that the conditions of consent require that the Annual Review: 
�³�L�Q�F�O�X�G�H�>�V�@���D��comprehensive review �R�I���W�K�H���P�R�Q�L�W�R�U�L�Q�J���U�H�V�X�O�W�V�«���L�Q�F�O�X�G�>�L�Q�J�@���D��
�F�R�P�S�D�U�L�V�R�Q���R�I���W�K�H�V�H���U�H�V�X�O�W�V���D�J�D�L�Q�V�W�����������U�H�T�X�L�U�H�P�H�Q�W�V�«�P�R�Q�L�W�R�U�L�Q�J���U�H�V�X�O�W�V���R�I��
�S�U�H�Y�L�R�X�V���\�H�D�U�V�«�S�U�H�G�L�F�W�L�R�Q�V���L�Q���W�K�H���(�$�´�� 

Presently, the annual review does not provide the explicitly required 
�³�F�R�P�S�U�H�K�H�Q�V�L�Y�H���U�H�Y�L�H�Z���R�I���W�K�H���P�R�Q�L�W�R�U�L�Q�J���U�H�V�X�O�W�V�´�� 

 

g. Greater time series graphical presentation of monitoring 
data and time series trend analyses and statistical 
testing of monitoring data to enhance interpretability of 
any emerging time series trends for surface water 
monitoring data. 

 Recommendation not addressed satisfactorily.  

Trend analysis etc not completed for surface water data. 

h. Presentation of the water quality data in graphical 
format including historical data would allow improved 
comparison with trigger levels and trend analysis. 

Presentation of the water quality data in graphical format�«�«�1�R�W�H���F�R�P�P�H�Q�W���D�E�R�Y�H��
�U�H�J�D�U�G�L�Q�J���0�&�&�¶�V���S�R�V�L�W�L�R�Q���R�Q���W�K�H���G�X�S�O�L�F�D�W�L�R�Q���R�I���G�D�W�D�����*�U�D�S�K�L�F�D�O presentation of data 
inserted into Appendix E to address this request.  

 

Recommendation partially addressed. 

Surface water quality data not presented as requested (see Appendix D). 
Groundwater quality data has been updated (see Appendix E). 

2 In Table 4 it is stated that groundwater samples were 
unable to be taken from two locations from early 2017 
onwards as they were removed due of the progression of 
�P�R�Q�L�W�R�U�L�Q�J�����7�K�L�V���L�V���U�D�Q�N�H�G���Z�L�W�K���D���U�L�V�N���O�H�Y�H�O���R�I���³�$�G�P�L�Q�L�V�W�U�D�W�L�Y�H��
non-�F�R�P�S�O�L�D�Q�F�H�´���� 

DoI Water notes that not only were samples not collected 
but groundwater levels were not recorded. DoI Water 
�G�L�V�S�X�W�H�V���W�K�H���D�V�V�L�J�Q�H�G���U�L�V�N���O�H�Y�H�O���R�I���³�$�G�P�L�Q�L�V�W�U�D�W�L�Y�H���Q�R�Q-
�F�R�P�S�O�L�D�Q�F�H�´�����Z�K�L�F�K���L�V���D�S�S�O�L�F�D�E�O�H���W�R���V�X�F�K���H�Y�H�Q�W�V���D�V��
submitting a report late). DoI Water recommends this item 
be addressed in a review of the monitoring network.  

 Response not explicitly given by MCCM.  

Unknown if this is because DPE passed on recommendation or not. 

Refer to separate review of Water Management Plan. 

3 The proponent equips all monitoring bores in the network 
with pressure loggers, recording pressure, temperature and 
EC where possible.  

 Refer to separate review of Water Management Plan. 

4 The revised Water Monitoring Plan must ensure the 
recommendations made by the Planning Assessment 
Commission (PAC) are addressed and previous 
commitment of monitoring implemented.  

 Refer to separate review of Water Management Plan. 
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5 It is requested a reference be made to the applicability of 
the Harvestable Right Dam Policy to the current extent of 
mine surface water catchments and whether all runoff 
sourced from minor streams is being captured in dams that 
fit within the exclusion provisions of Schedule 1 of the Water 
Management Regulation 2011. Confirmation is also 
requested of runoff being captured from third order or higher 
order streams where water entitlement would need to be 
considered.  

Include commentary to the applicability of the Harvestable Right Dam Policy to the 
current extent of the mine surface water catchments and whether all runoff sources from 
�P�L�Q�R�U���V�W�U�H�D�P�V�«�«��Commentary related to Harvestable Right policy is not typically a 
condition for inclusion in an Annual Review document, and has not been specified within 
previous Annual Reviews. MCC question the relevance as this is addressed within an 
environmental assessment stage for SSD and its footprint, and disturbance footprint 
approved. Notwithstanding, text has been inserted in section 7.2.2 to address NSW 
L&W request.  

Confirmation is also requested of runoff being captured from third order or higher order 
�V�W�U�H�D�P�V���Z�K�H�U�H���Z�D�W�H�U���H�Q�W�L�W�O�H�P�H�Q�W���Z�R�X�O�G���Q�H�H�G���W�R���E�H���F�R�Q�V�L�G�H�U�H�G�«��as above, refer to 7.2.2  

NRAR to advise regarding harvestable rights, etc. 

6 In regards to the licenses and approvals listed in Table 5 
the following comments are provided:   

a. 90WA801901 is linked to WAL13050. It is 
recommended this WAL be referred to. 

b. A number of the work approvals listed are for 
bores authorised for stock, or stock and 
domestic use. It is recommended this purpose 
be listed in this table to assist in understanding 
the works relevant to use for the mining 
activities. Relevant bores include 90WA809078, 
90WA809079, 90WA809300, 90WA809127, 
90WA820120. 

c. Approval 90WA822412 is a bore authorised for 
mining and industrial purposes and is linked to 
WAL29467. It is recommended this purpose 
and WAL be referred to. 

d. WAL12811, WAL29467, WAL27385 and 
WAL12479 are all linked to a miscellaneous 
work (an administrative number used to relate 
to the SSD approval) to account for 
groundwater take from the excavation. It is 
recognised these 4 WALs are not linked to a 
water supply work approval due to that 
requirement being excluded from an approved 
SSD. It is recommended a reference be made 
to these WALs as being held for predicted 
groundwater take from the excavation to assist 
in interpreting water accounting at the site. This 
would also be useful to see in Table 11. 

�8�S�G�D�W�H���7�D�E�O�H�������W�R���L�Q�F�O�X�G�H���D�O�O���:�$�/�¶�V�«�����7�K�H���:�$�/�¶�V���O�L�V�W�H�G���Z�L�W�K���Z�D�W�H�U���X�V�H���G�X�U�L�Q�J���W�K�H��
reporting period are related to mining activities as noted within the footnote of Table 11, 
with water take assigned accordingly to the necessary licences. Table 2 has been 
�U�H�Y�L�V�H�G���W�R���D�O�L�J�Q���Z�L�W�K���R�W�K�H�U���O�L�V�W�H�G���:�$�/�¶�V���L�Q���W�D�E�O�H�V���L�Q���W�K�H���G�R�F�X�P�H�Q�W�����5�R�Z���Z�L�W�K���:�$�/������������
�D�O�U�H�D�G�\���L�Q�F�O�X�G�H�V���U�H�I�H�U�H�Q�F�H���W�R���W�K�H���Z�R�U�N�V���D�S�S�U�R�Y�D�O���µ3000 ML water licence from Lower 
Namoi Regulated River Water under works approval 90WA801901.�¶�� 

No further detail is considered to be required.  

Update Table 11 Water Take to include WAL12811, WAL29467, WAL27385 and 
�:�$�/�����������«���� �0�&�&���Q�R�W�H���W�K�H�V�H���:�$�/�¶�V���D�U�H���D�O�U�Hady included in Table 11. MCC request 
�F�O�D�U�L�I�L�F�D�W�L�R�Q���L�Q���W�K�L�V���L�Q�V�W�D�Q�F�H�����1�R�W�H���D�V���D�E�R�Y�H�����0�&�&���K�D�V���U�H�Y�L�V�H�G���7�D�E�O�H�������W�R���L�Q�V�H�U�W���:�$�/�¶�V��
for consistency with other tables.  

NRAR to advise regarding licensing requirements. 
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7 Revise the Water Management Plan by end July 2018 and 
submit to Lands and Water for review. The revised Water 
Management Plan must include: 

a. Ensure all previous 
comments/recommendations provided in a 
letter by NSW Office of Water dated 20 
November 2014 on the WMP have been 
addressed  

b. A revised monitoring network, including 
consideration of which bores will be 
removed/replaced due to expansion of the pit. 

c. An updated site water balance model. 

d. An updated groundwater model as previously 
committed to. 

[With respect to 7d:] MCC note this is already addressed within section 7.3 of the 
submitted version. To address NSW Land & Water request, additional detail is added in 
section 7.3.2. As required by Schedule 3, condition 40 (c) of PA10_0138, a review of the 
measured groundwater monitoring results against predictions made within the 2014 
groundwater model was undertaken by AGE commencing in 2016 as part of a wider 
review of groundwater processes occurring in the Maules Creek area. The 
�Y�D�O�L�G�D�W�L�R�Q���Y�H�U�L�I�L�F�D�W�L�R�Q���S�U�R�F�H�V�V���L�Q�Y�R�O�Y�H�G���F�R�P�S�D�U�L�Q�J�«������ 

The model was significantly updated and recalibrated in 2017. The review indicated that 
the model does achieve these requirements and improvements will continue to occur as 
data and models progressively develop with future validation. Following a peer review, a 
report will be submitted to the government in the next reporting period.  

The independent review/validation is undertaken consistent with commitments in the 
WMP.  

 

Refer to separate review of Water Management Plan. 

8 Finalise the Leard Forest Mining Precinct Water Monitoring 
Strategy by 30 June 2018 and submit to Lands and Water 
for review. It is understood this strategy requires 
development with the other mines, however it is recognised 
as an outstanding matter in the consent conditions. 

 Refer to separate review of Water Management Strategy. 
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Table 2: Groundwater  and surface water assessment s done for original Annual Review  

No. Issue  DoI Water comments on original Annual Review  DoI Water comments  on revised Annual Review  

1 Water take 

 

The Annual Review has tabulated the relevant water access licences (page 1, 10-12). 

The Annual Review has also tabulated the water take per water access licence and per water source (page 46). 

The passive take/inflows are listed as 0 ML for all water sources but the NSW Murray Darling Basin Porous Rock 
Groundwater Sources where it is shown as <10 ML. It is not clear how these numbers have been derived.  

The Annual Review (page 55) makes the point that predicted inflows for year 6 were about 1.9ML/day (695 ML/yr), 
whereas the actual inflows have been negligible.   Doi Water Notes that. there appears to be some confusion of year 5 
vs year 6 in the text. It is also noted that these figure appear to differ from the predicted inflows in the site water balance 
(see WMP, pages 80 and 85). 

Evaporation is mentioned as a reason for limited inflow (page 55) however, this statement is not qualified, an estimate 
of how much evaporation has occurred is not provided. 

The WMP (page 81) states there is an in-pit pump and in addition states (page 120) that there is a pit seepage 
monitoring program. 

DoI Water recommends that the Annual Review is revised such that: 

�x Both passive and active water take are documented along with their method of measurement/estimation and 
details of the pit seepage monitoring program. 

�x Measurement/estimation and analysis of evaporation from the pits is documented. The water take is compared 
against historical data and modelled predictions, on a year-by-year basis. 

Response not explicitly given by MCCM. Unknown if this is because 
DPE passed on table or not. 

 

DoI Water recommends that this table is provided to the proponent, 
and all  matters contained in it are addressed. 

2 Groundwater level data 

 

DoI Water has a number of concerns about the groundwater level data presented in the Annual Review (page E99-
E112): 

�x Figure 9 (page 54) does not include all monitoring points, but only those reported on for the last year 
�x The symbols used Figure 9 are unclear for Reg7, Reg7a, Reg10, Reg10a, RB05 and RB05a and possibly 

missing for Reg1 (elsewhere called Reg01). 
�x Data for the regional and private bores is presented in tabular rather than figure form 
�x Data for the VWPs is presented with varying y-axis scales, making comparisons difficult 
�x Only data from 2017 is presented 
�x Depths are not provided for the regional bores, private bores or vibrating wire piezometers (VWP) 
�x The monitoring depth/formation is not presented for the regional or private bores  
�x Declining trends of 5+ meters evident in some of the VWP data �± trend analysis not included 
�x Apparent data errors (e.g. step changes) evident in some of the VWP data �± error analysis not included 
�x Groundwater level data are not synthesized (e.g. in maps showing hydraulic head contours, or in cross sections 

showing vertical and horizontal gradients) or set it the larger regional hydrogeological context 
�x Groundwater level data are not compared against historic data, modelled predictions or trigger levels (n.b. the 

groundwater trigger levels in the WMP (page 121-122) need to be clarified) �± long term trend analysis not 
included. 

DoI Water recommends Annual Review is revised to include: 

�x Groundwater level data is presented for all monitoring points in the network, not just those monitored in 2017, 
and presented in figure form 

�x Groundwater levels are not limited to the reporting year but to the full dataset, groundwater levels are to be 
quantitatively analyzed for  trends 

�x Groundwater levels are compared against modelled predictions and trigger levels 
�x Groundwater levels are interpreted via maps showing hydraulic head contours and in cross sections showing 

vertical and horizontal gradient 

DoI Water further suggests the Annual Review is revised to also address all other concerns raised above. 

Response not explicitly given by MCCM. Unknown if this is because 
DPE passed on table or not. 

 

DoI Water recommends that this table is provided to the proponent, 
and all  matters contained in it are addressed. 

3 Potential impacts to Back and 
Maules Creeks 

The 2017 Annual Review satisfactorily addresses the specific points that are required to be addressed as outlined in 
Attachment B. However the proponent should note the requirement to identify any trends in monitoring data over the life 
of the development. The 2017 Annual Report is currently deficient in this regard. Presentation of water level and water 
quality monitoring data in graphical format, together with appropriate time series trend analyses and other statistical 
analyses, would enhance the interpretability of any emerging trends in surface water and groundwater monitoring data. 

The current surface water monitoring network in Maules Creek with the single long-term active station equipped with 
continuously recorded water levels located at Elfin Crossing is sufficient to assess the effects of mining activities on the 

Response not explicitly given by MCCM. Unknown if this is because 
DPE passed on table or not. 

 

DoI Water recommends that this table is provided to the proponent, 
and all  matters contained in it are addressed. 
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No. Issue  DoI Water comments on original Annual Review  DoI Water comments  on revised Annual Review  

hydrology of the lower reaches of Maules Creek. There are currently no active gauging stations on the smaller Back 
Creek.  Back Creek is likely to be even more intermittent than Maules Creek which presents technical difficulties in 
monitoring flow. There are no long term surface water hydrology data with which to assess trends in Back Creek prior to 
and after the commencement of mining activity. 

As a part of the monitoring system for the mining development, there are a reasonable number of groundwater 
monitoring bores situated along the length of Back Creek, including private landholder bores that are being monitored 
for water level and water quality. Any potential mining impacts on surface water hydrology in Back Creek that are 
related to mining disturbance of aquifers are likely to be registered first in these groundwater monitoring bores.  None of 
the groundwater level data in monitoring bores along Back Creek presented as tables in the Annual Report showed 
fluctuations of the magnitude of monitoring bores in the agricultural area. 

4 Findings of Annual Review DoI Water does not consider the Annual Review provides sufficient evidence to adequately determine if impacts are 
occurring to groundwater, and at what magnitude. 

Also, Tables 2-4 summarise the status of compliance for the project (pages 1-4).  

In Table 4 it is stated that groundwater samples were unable to be taken from two locations from early 2017 onwards as 
�W�K�H�\���Z�H�U�H���U�H�P�R�Y�H�G���G�X�H���R�I���W�K�H���S�U�R�J�U�H�V�V�L�R�Q���R�I���P�R�Q�L�W�R�U�L�Q�J�����7�K�L�V���L�V���U�D�Q�N�H�G���Z�L�W�K���D���U�L�V�N���O�H�Y�H�O���R�I���³�$�G�P�L�Q�L�V�W�U�D�W�L�Y�H���Q�R�Q-
�F�R�P�S�O�L�D�Q�F�H�´�����'�R�,���:�D�Wer notes that not only were samples not collected but groundwater levels were not recorded. DoI 
�:�D�W�H�U���G�L�V�S�X�W�H�V���W�K�H���D�V�V�L�J�Q�H�G���U�L�V�N���O�H�Y�H�O���R�I���³�$�G�P�L�Q�L�V�W�U�D�W�L�Y�H���Q�R�Q-�F�R�P�S�O�L�D�Q�F�H�´�����Z�K�L�F�K���L�V���D�S�S�O�L�F�D�E�O�H���W�R���V�X�F�K���H�Y�H�Q�W�V���D�V��
submitting a report late). 

Response not explicitly given by MCCM. Unknown if this is because 
DPE passed on table or not. 

 

DoI Water recommends that this table is provided to the proponent, 
and all  matters contained in it are addressed. 

5 Adequacy  of groundwater 
monitoring network 

The groundwater monitoring network, as presented in the WMP, consists of: 

�x A baseline monitoring network (refer Table 6.1 on page 96 and Figure 6-1 on page 98) 
�x A wider monitoring bore network inclusive of monitoring at three mines sites and nearby government monitoring 

points (refer to Figure 6-7 on page 107) 
�x Replacements bores (refer to Table 6.3 on page 110 and Figure6-8 on page 111) 
�x Cumulative impact groundwater monitoring locations (refer to Table 6.4 on page 113 and Figure 6-9 on page 

115) 
�x Some of the registered bores near the mine site (refer to Table 6.5 on page 117). 

DoI Water has previously had input into the design of this monitoring network. As presented in the WMP, the monitoring 
network is satisfactory. 

However, the groundwater monitoring network, as presented in the Annual Review, consists of: 

�x 13 regional monitoring bores �± a mix of the baseline monitoring network, replacements bores and cumulative 
impact groundwater monitoring locations 

�x �������S�U�L�Y�D�W�H���E�R�U�H�V�����D�O�W�K�R�X�J�K�������D�U�H���µ�F�D�S�S�H�G�¶���Z�K�L�F�K���D�S�S�H�D�U�V���W�R��prevent groundwater level monitoring) 
�x 32 VWPs in 9 locations. 

It appears that only those bores monitored in 2017 are presented in the Annual Review. 

The Annual Review states that the regional monitoring bores are measured monthly (page 53). 

DoI Water recommends that all regional monitoring bores are equipped with pressure loggers, recording 
pressure/temperature and possible EC) daily. 

Appendix 6 of the Approval of Consent (page 55) included the recommendations from the Planning Assessment 
Commission for additional groundwater monitoring. This included the recommendation that the 17 additional monitoring 
bores proposed be equipped with water level or pore pressure transducers. It is unclear if this, and the other three 
recommendation, has been complied with.  

DoI Water notes that in the WMP (page 123) there is a stated commitment to address the PAC commitment within 5 
years of approval. The updated WMP should address this. 

DoI Water recommends that the monitoring network (including consideration of which bores will be removed/replaced 
due to expansion of the pit) is reviewed as part of an updated Water Management Plan (WMP) 

Response regarding additional monitoring bores given as: 

�³�7�K�H���D�G�G�L�W�L�R�Q�D�O���E�R�U�H�V���Z�H�U�H���L�Q�V�W�D�O�O�H�G�����D�Q�G���D�O�V�R���U�H�Y�L�H�Z�H�G���D�V���S�D�U�W���R�I���W�K�H��
recent IEA. Bore details are included in Appendix E and text inserted 
�R�Q���S�D�J�H�����������³ 

 

A response to the remainder is not explicitly given by MCCM. 
Unknown if this is because DPE passed on table or not. 

 

DoI Water recommends that this table is provided to the proponent, 
and all  matters contained in it are addressed. 

6 Adequacy of reporting �7�K�H���:�0�3�����S�D�J�H�������������V�W�D�W�H�V���W�K�D�W���³�P�R�Q�L�W�R�U�L�Q�J���U�H�V�X�O�W�V���R�I���S�U�H�Y�L�R�X�V���\�H�D�U�V�´�����³�L�G�H�Q�W�L�I�L�F�D�W�L�R�Q���D�Q�\���W�U�H�Q�G�V���L�Q���W�K�H���P�R�Q�L�W�R�U�L�Q�J��data 
�R�Y�H�U���W�K�H���O�L�I�H���R�I���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W�´���D�Q�G���³�L�G�H�Q�W�L�I�L�F�D�W�L�R�Q���D�Q�\���G�L�V�F�U�H�S�D�Q�F�L�H�V���E�H�W�Z�H�H�Q���W�K�H���S�U�H�G�L�F�W�H�G���D�Q�G���D�F�W�X�D�O���L�P�S�D�F�W�V���R�I���W�K�H��
�G�H�Y�H�O�R�S�P�H�Q�W�����D�Q�G���D�Q�D�O�\�V�H���W�K�H���S�R�W�H�Q�W�L�D�O���F�D�X�V�H���R�I���D�Q�\���V�L�J�Q�L�I�L�F�D�Q�W���G�L�V�F�U�H�S�D�Q�F�L�H�V�´���Z�R�X�O�G���E�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���$�Q�Q�X�D�O���5�H�Y�L�H�Z�� 

As noted above, these were not satisfactorily done in the 2017 Annual Review. 

DoI Water notes that it is unclear from the Annual Review if reporting under the EPBC Act 1999 has been completed. 

Response not explicitly given by MCCM. Unknown if this is because 
DPE passed on table or not. 

 

DoI Water recommends that this table is provided to the proponent, 
and all  matters contained in it are addressed. 
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No. Issue  DoI Water comments on original Annual Review  DoI Water comments  on revised Annual Review  

�6�H�F�W�L�R�Q�����������L�Q���W�K�H���:�0�3�����S�D�J�H�������������V�W�D�W�H�V���W�K�D�W���³�,�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���6�F�K�H�G�X�O�H��5, Condition 9 of PA 10_0138, MCC will 
regularly (at least every six months) prepare a summary of monitoring results and make these publicly available at the 
�P�L�Q�H���V�L�W�H���D�Q�G���R�Q���W�K�H���0�D�X�O�H�V���&�U�H�H�N���Z�H�E�V�L�W�H���´���7�K�H���V�L�W�H��http://www.whitehavennews.com.au/maules-creek-site-
monitoring/ does not include water monitoring. 

DoI Water recommends that the �S�U�R�S�R�Q�H�Q�W�¶�V website is updated to include monitoring data every 6 months. 

7 Adequacy of site water balance The site groundwater balance is presented in Table 12 (page 55) of the Annual Review. 

The balance is shown with each line-item to the nearest ML (with the exception of groundwater seepage and 
miscellaneous). The water balance would be strengthened by inclusion of the uncertainty (e.g. +/- 10%) associated with 
each figure, and information about the method(s) used to compute each item. 

The WMP (page 79) says that a predictive water balance model was prepared for the first 5 years of mine life only. As 
per Section 5.4 in the WMP (page 94), the site water balance needs to be updated and validated as new information 
becomes available. 

DoI Water recommends that the updated WMP revises the site water balance, and includes years 6-10 also. 

Response not explicitly given by MCCM. Unknown if this is because 
DPE passed on table or not. 

 

DoI Water recommends that this table is provided to the proponent, 
and all  matters contained in it are addressed. 

8 Water Management Strategy and 
Plan 

The WMP sits within the larger Leard Forest Mining Precinct Water Monitoring Strategy (WMS). The objectives of the 
strategy are to (WMP, page 22): 

�x minimise potential cumulative water quality impacts associated with the BTM Complex 
�x review opportunities for water sharing/water transfers within the BTM Complex 
�x co-ordinate water quality monitoring strategies between BTM Complex operations as far as practicable 
�x undertake joint investigations/studies between BTM Complex operations in response to 
�x complaints/exceedances of trigger levels where cumulative impacts are considered likely 
�x co-ordinate modelling programs between BTM Complex operations for validation, re-calibration and rerunning 

of the groundwater and surface water models using approved mine operation plans 

DoI Water notes that this document was not referenced in the Annual Review, nor is it available online. 

DoI Water recommends that the Leard Forest Mining Precinct Water Monitoring Strategy is submitted to DoI Water for 
review. 

DoI Water notes that the Water Management Plan (WMP) is dated March 2014 and is therefore more than 4 years old 
Further, DoI Water has previously written to the proponent with a series of recommendations to improve the WMP on 20 
November  2014. 

DoI Water recommends that the WMP is updated. The updated WMP should address all previous advice provided by 
DoI Water (formerly NSW Office of Water). 

Refer to separate review of Water Management Strategy. 

9 Groundwater model(s) The groundwater model appears to have been last updated in 2014 (WMP, page 119). 

Further, it is stated in the WMP (page 55) that �³�$�G�G�L�W�L�R�Q�D�O���%�7�0���F�R�P�S�O�H�[���Z�L�G�H���J�U�R�X�Q�G�Z�D�W�H�U���P�R�G�H�O�O�L�Q�J���Z�L�O�O���D�O�V�R���E�H��
�I�L�Q�D�O�L�]�H�G���>�G�X�U�L�Q�J���W�K�H���Q�H�[�W���U�H�S�R�U�W�L�Q�J���S�H�U�L�R�G�@���W�R���H�Q�V�X�U�H���F�D�O�L�E�U�D�W�L�R�Q���D�Q�G���U�H�Y�L�H�Z���R�I���P�R�G�H�O�O�H�G���S�U�H�G�L�F�W�L�R�Q�V�´�����7�K�L�V���D�S�S�H�D�U�V���Q�R�W���W�R��
have been completed. 

It is also noted that seepage into the mine is expected to rapidly increase around year 7 (WMP, page 120), thereby 
potentially causing impacts to surrounding aquifers/creeks. A revised model is imperative at this juncture of the mine 
life. 

DoI Water recommends that the updated WMP also includes an updated groundwater model.  

Refer to separate review of numerical model. 

 
 

 

http://www.whitehavennews.com.au/maules-creek-site-monitoring/
http://www.whitehavennews.com.au/maules-creek-site-monitoring/
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Table 2: Water quality  assessment  done for original Annual Review  

 
No. Issue  DoI Water comments on original Annual Review  DoI Water comments  on revised Annual Review  

1 The planning approval 40(b) requires a surface water management plan 
that includes detailed baseline data on surface water flows and quality in 
the water bodies that could be potentially affected by the project.   

trigger levels to investigate any potentially adverse impacts on downstream 
water quality 

a plan to monitor surface water flows and quality in the water courses that 
could be affected by the project 

 

The water management plan shows data collected between 2010 and 2014 as 
well as historical data.   

These were used to develop trigger levels, when insufficient data was available 
the trigger level from the ANZECC (2000) guidelines were used.   

In some cases the trigger levels from the baseline data differ from those in the 
ANZECC guidelines, however they are generally consistent with ambient water 
quality data in this catchment.   

A monitoring program is outlined in the plan which includes upstream and 
downstream sites.  The monitoring program tests for water quality indicators 
such as EC, pH, solids, major ions, metals and nutrients.  This program 
appears to be adequate to assess potential impacts on water quality in 
surrounding water courses.    

No further comments 

2 The planning approval 40(c) requires a ground water management plan 
that includes  

Detailed baseline data of groundwater levels, yield and quality in the region 
and privately owned groundwater bores including a detailed survey / 
schedule of groundwater dependant ecosystems.   

Groundwater assessment criteria including trigger levels for investigating 
any potentially adverse groundwater impacts 

 

The water management plan shows data collected between 2010 and 2014 
from 8 monitoring bores.  Samples were analysed on a monthly to two monthly 
basis for a range of parameters including major ions, nutrients and trace 
metals.  A result summary is shown and compared to guideline values.   

Trigger levels based on EC values are included.   

An on going monitoring program for samples on a 3-6 monthly basis is 
included.   

No survey of groundwater dependant ecosystems has been sighted.   

This program appears to be adequate to assess potential impacts on ground 
water quality.    

 

No further comments 

3 The development approval requires an annual review that includes 

A comprehensive review of the monitoring results including a comparison 
of these results against the relevant statutory requirements, previous years 
and predictions in the EA 

Identify non compliances 

Identify any trends 

The surface water quality program was carried out as planned in the water 
management plan.  The results are detailed in the 2017 report.  There are 
some exceedances of the trigger levels but these are in line with results from 
surrounding water courses.   

There were 3 instances of discharge from a sedimentation dam and in one 
case the suspended solid result exceeded the trigger level.  The result was 
similar to those obtained both upstream and downstream in the Namoi river but 
this was not discussed in the text.   

Groundwater quality was monitored on a three monthly basis.  The results 
appear consistent with historical values.  Results from previous years 
monitoring are not included so on going trends cannot be easily assessed.   

The 2017 report indicates that there have not been significant impacts on 
surrounding water quality during the reporting period.   

Presentation of the data in graphical format including historical data would 
allow improved comparison with trigger levels and trend analysis.   

Trigger levels and control charts have been added to Appendix E 
(groundwater data) but no historical data or current trigger levels 
have been provided in A.  

See recommendation 1. h above.   
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Attachment  A 

 

Advice Request  
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Attachment  B 

Figures  

 

Figure 1: Site location  (taken from Annual Review, page 7 )  
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Figure 2: Groundwater monitoring locations (taken from Annual Review, page 55)  
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